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Table 7.1. Differences Between the Nitrogen Concentration (% Dry

Weight) in the Leaves of Favoured and Nan~preferred Woody Plant IR R

Species

i, Rudus Lo q
Favoured Non-preferred '

Mean SE Mean SE daf t [

Barly Growing Season 2.7+ 6.4 2.1 % 6.5 11 1,784

Late Growing Season 264 8.4 1.9% 0.4 12 3.627% ' e
Eacly Dry Season 2.1 4 4.5 1.5+ 8.3 12 2.915% . o-:ﬂ .
Late Dry Season 164 8.4 1.6 %+ 0.5 12 9.213 . ..
} »

ii. Impalas !

Favoured Non-Preferred L

Mean SE Mean SE af t ; H
Early Growing Season 2.6 + 8.5 2.3+ 0.6 12 $.894 g oay
Late Growing Season 243 9.6 1.9% 0.4 12 2.009% e
Barly Dry Season 1.9+ 8.5 1.5 + 9.5 12 9.847 i .
Late Dry Season 1.6+ 8.5 1.9 ¢ 8.5 12 0.859 P s
iii. Goats | s

Pavoured Non-Preferred z be

Mean  SE Mean S8 df © | s
Barly Giowing Season 2.3 .6 2.4 % 0.6 12 0.450 . -»
Late Growing Season 2.4+ 0.5 1.8+ 6.4 12 2,373% "G
Early Dry Season 14t 0.2  1.9¢ 6.5 12 1697 {
Late Dey Season 174 9.5 1.5% €.4 11 @.471 e

* gi nificant at 95% by the Randomlisation Test
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Table 71,5, Woody Pant Species Favourad by the Anfuals in each Season, !
season Hodus mpalas costs ) |
Sarly Growing Azacla nilotica Acaela nilocica !
sasson Greula flovescess  Grewla Flovescons  Asgela tortidis °
Dichrostachys clnerss Dichrostachys ofneroa Burkea africana e o
Vitex rehmanstl Te:mlnalia sericea £uclea natalensis H o g
Riwis Jeptadtctyr Riws leprodiotys Oofina pulchra i
SteyehnuS pungens Steychnos pungens Pt 5
T,
Late Growing Maeia niloties Acacts nldotica cacta nilotica P
Season Aauta torttlls acacia torttHs acecta tortills
cineres claeres clneren
Gtewio Elovescens  Grewfo [lwvescens  Grewla Elavescens s
Vitex rehmanntt Torminails sericus  Vitex rehmannit

Rhus leptodictya

Canbretum molle

Early Dey Reasta toveslia Conbretun molle Combretun molle
Seasen Dienrostachys cineres Dichcostachys cinersa Euclea natalensis
Grewio flavescens Grawte flavescens Teculnalta sericea
s Rhas. ‘Rhus
Vitex rohnannit Viter remannii Vites tohmanntt
Late ey Rhve Rhun Rous
Saason Strychnos pugons Strychnos pungens Steyehnos pungens

Terminalia seeicoa  Terminalin serices  Bucloa netalensis
Vitex retmanntt Vitex robmanni Vitor rehmannii
Huscle nilotico

Tumtretss wnlie
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correlated to the nitrogen concentration (Fig 7.1.ii.), although
in the late growing season the £+ ‘wred species were of highec
protein content than the group of less preferred plants (Table
7.1.)+ In the dry season several protein poor species were of high

acceptance to the lmpalas.

iii, Goats

The nitrogen rich Acacia species were of high acceptance to the
goats In the early growing season along with several species of
low wnitrogen content (Fig 7.1.iii.). Although nitrvogen
concentration was not significantly correlated to acceptance in
any season, the species favoured by the goats in the late growing
season were on average, cicher in nitrogen than those species of
low acceptance (Table 7.1.). No pattern existed between acceptance

and nitrogen contents in the dry season.

iv, Plant Species Nifferences

Of the species high in nitrogen D, rotundifolia was unusual in
being of consistently low acceptance to all the animals. Most of
the nitrogen ¢ich plants were favoured in the growing season,

although the thorny Acacias were of rather lower acceptance,

especially to the kudus, than wece non-thorny plants of similar

nitrogen content.

V. rehmannii was favoured, particularly in the dry seasons,

yot was of moderate to low nitrogen content. O, pulchra and P,

A




africanun contained very low nitrogen concentrations and was of
low acceptance. Other nitcogen poor species were eaten
increasingly as the dcy season progressed and food availability
declined, 0, pulchra and B. afcricana were eaten only as new leaves
when they were comparatively rich in nitcogen. On maturit the

nitrogen content and acceptance decressed.

b. phosphorus

1. Kudus

The phosphorus content of the £follage of woody plants was not
significantly corcelated to acceptance by the kudus, edcept in the

early grawing seasor when a positive relationship existed (¥ig

7.2,4.). IE D, rotundifoliy was excluded Erom the correlation the

relationship became much stronger { r = 8,888%*), The favoured
species in the early dry season were on average richer in
phosphorus  than hon-prefecred species, ‘ut no pattern was evident

in the other seasons (Table 7.1.}.

11. Impalas

The acceptance of plants by lmpalas was only significantly
coreelated to the phosphorus content in the early dry season (Fig
7.2.14,). This was due to ¢ high acceptance for the phosphorus
rich plant R. leptodictya. The average phosphorus concentration of
prefrrred plants was not significantly different to that of less

favoured species (Table 7.2.).
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table 7.2. Differences Between the Phosphorus Concentration (mg /

189g) in the Leaves of Favoured and Non-preferred Woody Plant

i, Kudus

Barly Growing Season
Late Growing Season
Early Dry Season

Late Dry Season

ii. Impalas

Barly Growing Season
Late Growing Season
Early Dry Season

tate Dry Season

iii. Goats

Early Growing Season
Late Growing Season
Barly Dry Season

Late Dry Season

Species

Favoured
Mean SE
198.8 t17.2
146.2 * 32.0
125.8 + 44.6
88.6 + 45.4

Favoured
Mean BE
196.2 # 14.5
139.8 + 32.2
117.2 + 46.3

118.3 + 53.2

Favoured
Mean SE
183.8 + 24.4
128.7 + 32.9
183.8 + 52.4
97.8 + 53.7

Non-Preferred
Mean s
182.6 + 32.1
115.6 + 29.1
81.9 + 25.9
88.8 + 38.2

Non-Preferred
Mean SE
196.% + 35.5
115.8 + 29.2
86,2 + 31.0
76.9 + 34.7

Non-Prefecred
Mean SE
194.8 + 29.7
120.1 + 31,7
93.7 + 3L.7
72.6 + 36.9

* gignificant at 95% by the Randomisation Test

at

12
12

daf

1le

12

@.994
1.468
2.321%°
6.416

6.845
1.432
1.514
1.935

@.755
4.494
9.456
1.605

o -
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111, Goats

At no time was the acceptance of woody plants by goats corcelated
to the phosphorus content of the foliage (Fig 7.2.1il.), nor were
the favoured plants of higher phosphorus content than

non-preferred species (Table 7.2.}.

vi. plant Species Differences

Plants rlch in phosphorus were not especially favoured by the
animals. Both A. tortilis and the non-preferred plant D,
rotundifolia were very cich in this mineral. Leaves of D. cinecea
and V. rehmannii were rich in phosphorus only in the immature
phase but were favoured throughout the year. Unlike most othec
woody species R, ﬂtodictxa showed little seasonal decline in
phosphorus content, hence was of relatively high phosphotrus

content in the dry season when it was favoured by the animals,

¢, potassium

1. Kudus

The potassium concentration of woody plant leaves was hot

significantly correlated tc their acceptance by kudus (Fig

7.3.4.). In the late growing season those plants very low in

potassium were not favoured. The di between the
of high and low potassium species only became significant in the
early dry season, and disappeared again in the late dry season

with the increased use of less nutrient cich species (Table 7.3.).
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Table 7,3. Differences Between the Potassium Concentration (mg / i K
1689} In the Leaves of Pavoured and Non-preferred Woody Plant
sSpecies ‘ ‘

i. Kudus ;

Fayoured Non-Preferred

Mean 8E Mean SE dat t

i

!

|

|

Barly Growing Season 14@8.4 t 315.9 1112.9 + 339.9 11 1,552 ¢
Late Growing Season  1108.9 + 266.1 958.4 % 467.1 12 0.657 I
|

i

i

i

Early Dry Beason 1207.8 & 445.1 685.2 + 404.4 12 2.253%
Late Dry Season 721.8 * 344.4 8006.8  464.9 12 0.350
. Lo
ii. Impalas ‘\ !
S Favoured Non-Preferred al
. i Mean  SE Mean SE 4 ot

Barly Growing Season 1256.5 + 360.9 1220.8 + 346.8 12 9,188 |

: Late Growing Season 949.4 + 216.2 1847.0 ¢ 485.2 12 0.422 L
1 “;"' Early Dry Season 1135.8 + 477.5 725.7 ¢ 439.2 12 1.630 :
‘n Late Dry Season 809.3 + 404.7 750.6 + 425,2 12 18.239 =
“ iti, Goats t

Favoured Mon-Prefecred

Mean BE Mean SE af t

: Early Growing Season 1120.2  351.5 1323.0 % 324.9 12 1.122 -
Late Growing Season 12017 - 364.9 882.6 + 365.8 12 1.012 [
HE garly Dry Season 950.6 + 578.3 828.1 + 446.2 12 0.445 :
B Late Dry Season 867.8 + 367.6 718.4 % 466.9 10 8.578

* gignificant at 95% by the Randomisation Test
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ii. Impalas

The acceptance of plant species by impalas was pasitively
corcelated to the potassium content in the carly dry season only,
This was wainly due to the high acceptance of R. leptodictya (Fig
7.3.41.). Several othec species with high potassium contents were
of low acceptance. The preferred species were not significantly

richer in potassium than less favoured species (Table 7.3.).

iii. Goats

The potassium concentration in woody plant leaves only correlated
with their acceptance to goats in the late gcowing season (Fig
7.3.114.}. In this season most of the favoured plants wete rich in
potassium but on average were not quite significantly different to

the less prefe-:wd species (Table 7.3.).

iv. Plant Species Differences

D, rotundifolia and R. leptodictys: both contalned high

concentrations of potassium, but D, roturgifolia was consistently

non-prefecred and R. leptodictya was :.ily of high acceptance in

the dry season. V. getmannii and ;. :_ﬂr_e_g_reminad of high

a rapld deccease in the

acceptance throughout the year, des:
potassium content of the leaves upon ajsaindng full sige. Species
of very low potassiun content were gemcrally of low acceptance,

these include B. africana, 0. pulchra and P. africanum,
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4. Calcium

1. Kudus

The acceptance of woody plants by kudus was not significantly

correlated to the calcium content of the leaves (Fig 7.4.i.}. In ”

all but the late dry season several of the favoured species tended . o
to be fairly rcich in calcium, but this pattern wes only {a
significant in the late growing season (Table 7.4,). Species very ;,tu

poor in calcium were of consistently low acceptance to the kudus.

ii. Impalas

The impalas, 1like the kudus, showed no signi:icant correlation

between the acceptance f plant species and the calcium =

concentrations In the leaves {Fig 7.4.1i.}. In the late growing
and early dry perlod several favoured plants were of moderate to
high calcium content,but the difference between the favoured and

non-preferred groups of plants was not significant (Table 7.4.).
111, Goats =,

The goats showed a similar pattern to the kudus. No significant
correlations were found between the calcium content of woody
plants and thelr acceptance to goats (Fig 7.4.4ii.). In all but
the late dry season, when previously non-preferred plants

increased in acceptance, the favoured plants tended to be fairly
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Table 7.4.

166g) in the Leaves of Favoured and Non-preferred Woody Plant

1. Kudus

Barly Growing Season
Late Growing Season
Eacly Dry Season

Late 'ty Season

ii. Impalas

Barly Growing Season
Late Growing Season
Barly Dry Season

Late Dry Season

iii, Geats

Early Growing Season
Late Growing Season
Barly Dry Season

Late Dry Season

Favoured

Mean
519.5
856.4

1194.4
865.3

Favoured

Mean
597.3
841.4

1844.2

T75.3

Favoured

Mean
454,8
846.0
935.8
681.9

Species

Non-Prefecred

SE Mean SE

+ 269.2 539.6 + 263.1
+ 299.6 631.2 + 195.8
4 292.3 868.9 + 325.8

+ 251.9 967.8 ¢ 519.4

Non-prefecred

SE Mean SE

+ 243.2 566.7 + 280.¢
+ 312.8 639.6 + 195.7
+ 265.5 B94.3 & 358.3

+ 226.5 982.7 + 468.2

Non-Preferred

SE Mean SE

+ 224.8 648.8 % 251.9
+ 248.¢ 577.3 £ 185.7
+ 177.5 954.6 + 396.8

+ 174.4 1089.4 + 464.5

+ gSignificant at 95% by the Randomisation Test

Differences Between the Calcium Concentration {my /

af
11
12

12

7-12d

8.366
1.806*
1.388

2.441

8.251
1.583
2.815
6.766

t
1.427
2.278*
2,108
1.656
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rich in caleium, but only in thz late growing season did the
difference in the average calcium content of preferred and

non-preferred plants become significant (Table 7.4.].

iv. Plant Species pifferences

Many of the plants favoured by the animals were comparativly rich

in calcium yet D. rotundifolia was not favoured despite the high

concentration of caleclum in the leaves. Conversely the generally
favoursed plant D. cinecea was not rich in caleium once the leaves
tad matured. V. rehmannii was also of high acceptance to the kudus
and goats, both in the growing season when it was "irly low in
calcium and in the dry season when the calcium ..v2w .as much

higher.

e, Magnesium

i. Kudus

The waody plant species of high acceptance to the kudus were often
those rich 1in magnesium. The correlation between plant species
acceptance by kudus and the magnesium concentration in the leaves
was significantly positive in the early growing and early dry
seasans (Fig 7.5.i.). The pattern was broken in the late growing
season by the low acceptance of several magnesium rich species,
while in the late dry season, some low magnesium species were

highly favoured,

- o e
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Table 7.5.

7-133

Differences Between the Magnesium Concentration (mg /

108g) in the Leaves of Favoured and Non-preferred Woody Plant

i, Rudus

Early Growing Season
Late Growing Season
Early Dry Season

Late Dry Season

ii. Impalas

Barly Growing Season
Late Growing Season
Early Dry Season

fate Dry Season

144, Goats

Early Growing Season
Late Growing Season
Early Dry Season

Late Dry Season

Species

Favoured

Mean SE
327.9 &+ 73.6
267.8 + 114.3

312.6 + 126.8
247.5 ¢ 67.4

Favoured
Mean 8B
285.8 + 108.8
234.4 & 95.0
344.4 £ 99.5
294,86 + 36.8

Favoured
Mean 58
1942 & 40,7
285.3 & 98.7
316.4 + 122.9

25¢.8 +

36.4

Non-preferred
Mean SE
199.9  77.8
252.4 + 8l.6
216.2 + 83.5

286.4 + 69.0

Non-Preferced
Mean S8
218.8 + 75.8
271.8 & 90.7
198.6 + 7.7
214.8 + 77.7

Non-preferred
Mean SE
289.3 & 6B.3
23p.6 + 78.9
214.1 £ B3.7
213.4 + 86,5

* gignificant at 95% by the Randomisation Test

af
11
12
12
12

2.956*
9.295
1.737%
1117

1,372
.73
3.182%
6.848

4.451*
1.137
1.873%
2.808

ey
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ii, Impalas

For the impalas the correlation between plant species acceptance
and magnesium ocontent only approached significance in the dry
season (Fig 7.5.il.}. Although the favoured group of plants were
on average significantly richer in wagnesium than non~preferced
species only in the early dry season (Table 7.5.}, the regression
failed to reach significance due to the low acceptance of V.
cetmannii, By the late dry season, however, a significant positive

correlation had developed.

iii. coats

A weakly significant negative correlation existed between the
acceptance of woody plants by goats and the magnesium content in
the early growing season (Pig 7.5.iii.). This was due to their
high acceptance of E. natalensis and the magnesium poor Acacia
species. By the late growing season, this pattern was reversing
and & strengly positive correlation had developed by the early dry
season. Much of this correlation was due to the extreme value of
V. rehmannii. The corcelation no longer existed in the late dry
season when the btwo mest highly accepted plants were only of

moderate magnesium content.

fv, Plant Spevies Differences

Most of the woody plants Efavoured by the animals had a high

magnesium content. The non-preferred plant D, rotundifolia was
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also comparatively rich in magnesium, as in all other minerals. P,

2fed

up was of Falrly high magnesium content in the late dry
season, but was of low acceptance. A. nilotica was favoured
despite the low magnesium content. This species is rich in most

other minerals,

£. Sodium

1. kudus

The acceptance of woody plants by kudus was not significantly
correlated to the sodium content (Fig 7.6.i.}. In the early dry
season the preferced species were signiffcantly cicher in sodium

then less preferred plants (Table 7.6.).

11, impalas

No correlation was found between plant Species acceptance and
sodium content (Fig 7.6.11,}, but in the late growing season, the
impalas tended to favour meveral of the species richest in sodium.
However, the diffecence in the average sodium content of preferred

and non-preferved plants was not significant (Table 7.6.).
ili. Goats
The goats favoured the sodium rich p. :la species in the early

growing season, but otherwls *he sodium content of the plants §id

not appear to be related co acceptance (Fig 7.6.iii.), In the late

o
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Table 7.6. Differences Between

18#g) in the Leaves of Favoured and

7-15d

«he Sodium Concentration {mg /

Non-preferred Woody Plant

Species
i. Kudus
Favoured Non-Preferred
Mean SE Mean 8B af t

Barly Growing Season 4.4+ 1.2

Late Growing Season 3.9+ 1.6
Early Dry Season 5.8 + 1.7
Late Dry Season 5.1+ 1.9
ii., Impalas

Favoured

Mean SB
garly Growing Season 4.7+ 1.5
Late Growing Season 3.6+ 8.7
Early Dry Season 5.5 & 1.6
Late Dry Season 3.9+ @.8
iii. Goats

Favoured

Hean sB
Early Growing Season 8.5+ 1,2
Late Growing Season 38+ 9.6
Early Dry Season 4.2+ 3.8
Late Dry Season 4.2+ 0.6

* gignificant at 95% by the Randomi.

5.2 % 1.2 11 l.188
3.2% 1.2 12 l.218
4.3 & 1.3 12 1.891*

4.9+ 3.5 9 8.112

Non-preferred

Mean SE daf t

5.2+ 1.1 12 8.756
3.4+ 1.3 12 @6.328
4.4 £ 1.5 12 1.283
5.6 £ 3,1 9 1.948
Non-preferced

Mean SE 14 t
4.7+ 1. 12 1.186

3.1

'

2
1.3 12 1.276
8

+

1. 12 1.156

-3
5.8+ 3.3 8 9.985

sation Test




dry ceason the species of highest acceptance contained little

sodium,

iv. Plant Species bifferences

The wmost sodium rich plants were G. flavescens, D. rotundifolia
and the Acacia specles. Of these only D. rotundifolia was of
consistently low acceptance, D. cinerea and V. rehmannii were not

rich in sedium yet were favoured plant species,

g. Moisture

i, Kudus

There was no significant correlation between the water content of
plant species and their acceptance to kudus (Fig 7.7.i.). In the
late dcy and early growing seasons some of the favoured plants
had faicly high water contents but on average there was no
significant difference between the preferred and non-preferred

groups of plants (Table 7.7.).

ii. pmpalas

Impalas, like the kudus, showed no corcelation between the
acceptance of plant species and the moisture content (Fig
7.7.1i,). However in the dry season some of the favoured species
were of high molsture content although this difference was not

significant (Pable 7.7.).

.
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Table 7.7. Differences Between the Moisture Concentration (% Fresh

weight) in the Leaves of Favoured and Nen-preferred Woody Plant
Species '

i, Xudus 1

1

!
Favoured Non-Preferced is

i

Mean SE Mean SE  df t

Early Growing Season  66.8 + 2.4 62.4 + 4.0 11 1.634

Late Growing Season 60,4+ 5.0 58.8 &+ 4.4 12 @.600 -
Early Dry Season 50.4 + 2.8 49.6 + 4.6 12 8.392 [
Late Dry Season 46.7 £ 7.3 38,3 £ 12,4 12 1.477 z' ©
i m”
ii. Impalas
Favouced Non-Preferred

Mean SE Mean SE dg t

Early Growing Season 63.5 + 4.5 63.5 + 3.5 12 g.¢e9

Late Growing Season 59.8 + 2.8 59.6 + 5.3 12 #.232

Barly Dry Season 49.8 + 2.4 49.9 + 4.2 12 ¢.849

' 1ate Dry Season 48.9 + 9.7 39.4 + 1}.2 12 1.332
o
., 1ii, Goats .
- ; Favoured Non-Preferred &

Mean  SE Mean SE  df t

Early Growing Season 6.8 + 4.4 64.9 + 2.9 12 2.e38*

Late Growing Season  68.1 % 4.8 58,6 + 4.3 12 0.488 -
Barly Dry Season 48.2 + 1.2 49.6 + 4.1 1z 9.786
’ tate Dry Season 42,8 +18.6 419+ 8.6 13 @.117

- * gignificant at 95% by the Randomisation Test
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1ii, coats

For the goats, plant species acceptance showed no correlation with
moisture content (Fig 7,7.iii.). The preferred species in the
early growing season in Fact had a significantly lower moisture

content than the less preferred species (Table 7.7.).

vi, Plant Species Differences

The driest leaves belonged to those plants with Einely divided
leaves, namely A. npilotica, A. tortilis, D. cinerea and p.
afcicanum, which show a variety of acceptance valuesS. D,

rotundifolia and R. leptodictya leaves contained most woisture in

the dry season, but only R, leptodictya was of high acc  tance.

h. Sumnary: The Acceptance of Woody Plant Species in Relation to

Hutrient Concentrations

i. The acceptance of woody plant species by browsing ungulates
was rarely significently correlated to the nutrient
concentrations 1n the plants, although the preferred plants

were often comparatively rich in nutclents.

ii, plant species acceptance was most clearly related to nitrogen

and magnesium contents.

111, The kudus showed a weak, but significant positive correlation

A - ascum
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between the acceptance of woody plauts in the early growing
saason and the nitrogen, phosphorus, and magnesium contents,
The impalas and goats showed no relationship between nutrient

concentration and acceptance in this season.

iv, The acceptance of plant species was not significantly

correlated to nutrient contents in the late growing season,

However, the favoured plants were of significantly highec

average nitrogen content than the non-prefecred species, The
Tt kudus and goats also favoured plants of above average calcium

N - content.,

v. In the early dry season the kudus alone showed a significant

preference for nitrogen rich plants. There was a significant

correlation between the magnesium content of woody plants and N

the acceptance by Xudus and goats, due mainly to their high

acceptance of V. cehmannii. The impalas showed a significant H
correlation between acceptance and the phosphorus and ﬁ
potassium contents of the plants, but again, this was due J
. . mainly to a high acceptance of one species, R. leptodictya.
The kudus also favoured those plants rich in phosphocus and

potassium,

-

In the late dry season when food avallability was low, the

acceptance of the animals for less nubrient rich plant
specles 1intceased, The only significant relationship between
acceptance and nutrient concentrations was a positive

correlation between magnesium concentration and acceptance by

- ~ an - it




impala.

vii, Most plants with above average nutrient contents were in the
more preferced group of woody plants. The exception was [.
rotundifolia, which is rich in all nutrients assayed, yet
remsined of low acceptance. Generally D. cinerea and V.
cehmannii were favoured food plants, yet were of above
average concentration in only two nutrients. namely nitrogen
and magnesium for D. ginecea and calcium and magnesium for V.
relmannii, Plant species of consistently low mineral content

were not Eavoured.

B. Forbs

a. Witregen

i, Kudus

There was no correlation between the acceptance of commen forbs by

kudus and the nitrogen content of the whole plants (Fig 7.8.1.),

N nor did the favoured species contaln greater concentrations of

nitropen than non-preferred gpecies (Table 7.8.).

% o 1i. Impalas
B
\ n The acceptance of forbs by Impalas was not significantly

. I correlated to the nitrogen content (Fig 7.8.1i.). In the dcy
i season the favcured plants were of comparatively low nitrogen
i
{

S —

-




snprp g
*SIURTd STOGM UT WABOIIIN JO UDFIRIIUEOUCT B O3 UOTILIAY UF $ISadR GIOF JO BoURIIN UL -l 61

7-19a

G303 atouM Ut { IuBreM AJa ¥ ) UOTIIIWAOUCY UeBoIITH

oy

ow g et gz 0T g1 om gt or gz we %o o
Sxx x v3 HO»
o osxx xvax x Lo
os* Oax 15% am
s oux s
wx

o w
»
TEe-=3 5 =u @ BE'D %3 Bteu o ES
vosess A #1e1 _— voswes Bupos 2w arx ®
o : «t
g
L I A I s R X oo &t o §7 ez s o m
0Sx Wix ¥3x  HOx ° osx dbova o B
o e .m.

arx oH
FI™ s o <8
im= I
xom o E
18% o -
0l
P =2 Bl=u & W= 6 wu
0dx -
wweos A Atez arx uogueg Bunasn Arsed odx xAt
o
i 3
i

o g 5 =




- T O e 20 L

. e : N
H : (e u ¢
-
Seqede °13
] "SRG AToW VT WECIIN JO UOJEIIUSIAD ol 03 UDFIRTNY Uy Saydeds qiog 3o soUEde0Ty L “B-L, Bra |
7 !
sqIod 3o by ( uBjon A3 & ) woTIEIEIGY teBOIN 3
oy et ot gz vz su o A M
are x mox L o f
osx . 19x
z M vax . A
N Oux N
oax ) 5
8% osx 1 .
4 =
G6LB-=3 ¥ mu . B =2 Bimu 5
o o2
uesees K3 3121 M osog BuiR0ID A3 =z
3
® ane B a
ox i o H 4
0w s ew g ; " -
ORI N moseenos wowmom 2 !
arx W vax wox L oo [
osx 5% . e HOX ° M
Wx xmm 3
ox osx S of i
o E
e 2
(7 N
5 -
arx
bE- =3 greu R =y BLau s
o2
vosees £ Fraes . ommes Eutnosn drsea osx .
@




7-19¢c

w00 *117

“SIURTd STow uf UABOIIN TO LOFIRIIVAOLT BT DI LOTIELRY UY E9TOAdS quog 30 FuwIdesay SuL ~g*L BIJ

53303 eTo@s UF ( auBfan 430 § ) noTaeIIUROUCD UBGOILIN

§29°8-=3 § =u

wosess Aig me1

(619 =5 BT=u

vosess Aig Kprea

on g e g3 e &y pn em g ec sz oz 1 0n
g OSx x % o M HOX
o8 vax ° s,
W
e ime
oz
0ax
aw
o oax
680°8 =3 SLey
o vosvas EumoID X1 ax
P I I 2 U et et Sz e Su o
{5 Tow o 0¥ TR
Rix
yax Hox
15x o are
Odiex 0% vax
= o mx
oHx
arx of
Wi a SET0- =1 OTeu
voneos Gugaorn A na
o odx
HLx

£

B ® 8 & 2~ °
(% )onten aouwsdesoy segosds AwTa

e



7184

Table 7.8. Differences Between the NWitrogen Concentration (% Dry : y
Weight) in Favoured and Non-preferred Forb Species i

1. ®udus :
Favoured Non~preferred

Mean SE Mean SE af t

Barly Growing Season 2.4 + 8.2 2.7 % 6.9 7 0.458
Late Growing Season 2.2+ 1.0 2.6+ 8.5 8 8.432
Barly Dry Season l.6 + a.8 1.6 + 9.4 8 1.134
Late Dcy Season 1.4+ 6.2 1.6+ 4.5 3 0.657
ii. Impalas

Favoured Mon~Preferred

Mean SE Mean SE dg t

Barly Growing Season 3.3+ 1.9 2.3+ 9.7 8 1.496
late Growing Season 2.8+ 0.5 2.6+ 4.6 8 08.175
Barly Dry Season 1.4+ 9.4 1.9 + 0.6 8 1.7
Late Dry Season 1.3+ 8.2 1.8+ 8.5 3 1.54
iii. Goats
Favoured Non-Prefecred
‘«_:A o Mean SE  Mean SE df t
’ - Early Geowing Season 2.3+ 07 2.7 ¢+ L.@ 8 B8.663
e Late Growing Season 1.9 % 8.6 2.6+ 8.5 8 £.285
Early Dry Season 2.1+ 8.8 1.5+ 0.4 8 1l.621
.+ - Dry Season li+ - 1.6 + 9.4 3 1.3

* gignificant at 95% by the Randomisation Test
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Table 7.8.b, Forb Species Fovoured by the Animals fn each Season. i .
_— s _— - q
Early Growiog Pollichla campesteis Pollichia campestris  Pollichia campestrss -
Season 1ndiqofara macrs Justicia £lava Hermannis geises X
volvules alsinoldes s
waltheria indica

1ate Groving Pollichia campestris Pollichla campestels Pollichia campestris
Season Justicia flava Tephcosia forbesli  Tephwrosia forbesil i
i B

Solanun panduraeforne Pt
Wsltheria indica !

garly Dry Poliahls campestcls  Folilchia campestrls  ei:chla caspestrls

Season Josticta flava Tephrosta focbestt  Teparosis forbesii . j
$1ds cordiforla Waltheria Sndiea Justicis flave

Late By 51da cordifalia Sida coritolia Justicia flavs 3 f

Season Hormannta grises Pollichia canpestris pollichia campesteis i 5
wWoltherla indica waltheris {ndica Hecmannia grisea | -

'S S ot
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content.

iii. Goats

For the goats there was no significant correlation between
acceptancCe and the nitrogen concentration of forbs (Fig 7.8.iii.).
In the dry season the favoured plants were of rather low nitrogen

content.

iv. Plant Species Diffecences

P, campestris was generally of high acceptance to the animals but
was not particularly rich in nitrogen. The nitrogen content of T,
forbesii was initially high in the late growing season, but
rapidly decreased, yet the impalas and goats continued to favour
this species regardless of the change in nitrogen content. T.
forbesii was uncommon in the year that the kudus were studied. The
most nitcogen rich plants were J. Flava and §. pandureaforme. s5.
pandureaforme was of consistently low acceptance, while J. flava
was favoured by the impalas only in the early growing season and
by the kudus in the late growing and early dry seasons. J. flava
was hot often encountered by the goats in the growing season, but
was eaten as bare stalks in the late dry season. Q. herbacea was
of very low nitrogen concentraticn relative to other forbs and was

rarely eaten.

i
1
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b. phosphorus

i. Kudus

The phosphorus concentration in forbs wa$ not correlated to their
acceptance by kudus (Fig 7.9.i.). Plants of both low and high

phosphorus content were favoured,

ii. Impalas

The acceptance of Cforbs by impalas was not significantly
correlated to the phosphorus content of the plants (Fig 7.9.1{).
Favoured species contained a wide range of phosphorus

concentrations.

1i1. Goats

As For the other anbnals the acceptance of forbs by goats was not
correlated to the phosphorus content (Fig 7.9.iii.). In the dry
season low phosphorous content plants were often favoured over

species richer in this mineral.

iv. Plant Species Differences

P, campestris was of high acceptance to all the animals throughout
the growing and early dry seasons, yet was only of high phosphorus
content in the preflowering phase, Thereaftecr it was of relatively

low phosphorus content, The impalas and goats also favoured T.

-

i
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forbesii which was low in phosphorus,

Both 8, cordifolia and 5. panduraeforme had above average

phosphorus contents yet were of low acceptance for most of the
year. Only in the late dry season was §. gordifolia of high
acceptance. The other favoured plant at this time was W, indica
which contained only 83 mg/l@0g of phosphorus on a dry weight
basis.

c. potassium

i. Kudus

The acceptance of forbs by kudus was positively correlated to the
potassium content of whole forbs in the late growlng and early dry
season (Fig 7.18.i.). At this time the kudus had a high acceptance
for J. Q.i__w'a and Pp. campestris, both of which contain high

eoncentrations of potassium.

ii, Impalas

The impalas had a high acceptance for both J, flava and P.
campestris in the early growing season (Fig 7.18.1i.). In this
season alone the acceptance was significantly correlated to the

potassium concentrations in forbs, In the late growing and early

dry seasons the f{mpalas had a high acceptance for T. forbesii

which contains relatively little potagsium,
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iii, Goats

There was no significant correlation betwsen the acceptance of
forbs by goats and the potassium content of these plants (Fig

7.18.1ii.). Like the impalas the goats also favoured T. forbesii.
iv. Plant Species Differences

J. flava and P. campestcis were both rich in potassium. In the
seasons when these two species were favoured a positive
correlation existed between plant specles acceptance and the
potassium content, S. pandurseforme was equally as rich in
potassium but was generally of low acceptance, The potassium poor

species T. forbesii was favoured by the impalas and goats.

d, Calcium

i. Hudus

The calcium content of forbs was significantly correlated to the
acceptance by kudus in the late growing season only (Fig 7.1l.i.).
The correlation was mainly due to a high acceptance of J. flava
which had a particularly high caleium concentration,

ii. Impalas

No significant correlation was found between the calcium content

of forbs and thelr acceptance by impalas (Fig 7.11.ii.). The two

e
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species ©of highest calcium content were generally of low

acceptance after the early qgrowing season,
iil, Goats

As for the impalas there was no significant correlation between
the acceptance of forbs by goats and the calcium content (Fig
7.11.411.). Species of high caluium contrnt wece of low acceptance

in the growing seasan.
{v. Plant Species Differences

J, f£lava was very rich in calcium as compared to the other forb
species, never containing less than 240¢ wgy/108g dry weight. S.
panduraeforme had the next highest calcium concentration but was
of low acceptance, Th favoured plants P, campestris and T,

forbesii were both of low calcium concentration.

e. Magnesium

1. Kudus

‘The magnesium content of forbs was significantly correlated to the
acce?t:ance by kudus In the late growing and early dry seasons,

when these animals favoured P. campestris and J. flava, both of

which were rich in magnesium (fg 7.12.i.).
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ii, Impalas

The impalas had a high acceptance for the magnesium rich forbs P.
campestris and J, flava in the early growing season (Fig
7.12.i1.}. Acceptance was signiEicantly cocrrelated to magresium
content for this season only. Other favoured plants such as T,

forbesii and W. indica were of low magnesium concentration.

iii. Goats

The acceptance of forbs by goats was not cocrelated to the
magnesiun content of the plants. The favoured forb species showed
the full range of magnesium concentrations (Pig 7.12.iii.).

iv. Plant Species DiEferences

P. campestris and J. £lava were rich in magnesium as compaced to
other forb species. T. forbesii, which was favoured by the irpa.as
and goats had a vather low magnesium content.

£, Sodium

1. Kudus

The acceptance of Forbs by the kudus was significantly correlated

to the sodium content in the late growing and early dry seasons,

vihen both P. campestris and J. flava were faveured (Fig 7.13.i.).

i ¥
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ii, Impalas

The acceptance of Fforbs by impalas was not significantly
correlated to the sodium content (Fig 7.13.ii.). Both B,
campesteis and J, flava were favoured in the early growing season
but P, canpestris was only of moderate sodium content in the

preflowering phase,

iii. Goats

Goats showed no significant correlation between the acceptance of

forb species and sedium concentration (Fig 7.13.iii.).

iv. Plant Species Differences

J. flava contained more sodium than the other forbs and tended to
dominate the 1linear regressions. Once again T, forbesij was of
rather low nutrient content but was a Ffavoured species. The
non-preferred plant O, herbacea was of low sodium content,

9. Molsture

i, Kudus

No significant correlation between acceptance and moisture content

existed for the kudus, except in the late growing season when B,

campestris and J. flava were favoured and were of relatively high

pes
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moisture content (Fig 7.14.i.).

ii. Impalas

A weak positive correlstion between the acceptance by impalas and
the moisture content of forbs exists only in the early growing
szason when J, flava and P. campestrls were both favoured (Fig
7.14.31,), In the dry season the two species with lowest moisture

contents were of very low acceptance,

iii. Goaks

The moisture content of forbs was not correlated to their
acceptance by the goats (Fig 7.14.iii.). The most favoured forbs
in the growing season were of fairly high moisture content, and in
the late dry season the bwo species of lowest moisture content

were not eaten.

iv. plant Species Differences

The plants with the highest moisture contents in the growing
season were the favoured plants P. campestris and J, flava, and
the non-preferced plant 8. panducaeforme, E, alsinoides and 0.
herbacen contained least molsture, especially in the dry season

and were generally of low acceptance,
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h, Summary: The Acceptance of Forb Species in Relation to Nutrient

Concentrations

i, The acceptance of forb species was only weakly, if at all,
correlated to nutrient concentrations, Regressions were
dominated by J. flava which is of very high potassium, calcium,
magnesium  and sodium concentration relative to other forbs. On
removal nf this plant £rom the regression no significant

cocrelations were found,

2. Fibre

A. Woody Plants

a. Neutral Detecgent Fibre {(NDF)

i. Kudus

The acceptance of woody plants by kudus was not significantly
correlated to the NDF content of the leaves, except in the growing
season. In the early growing season the low acceptance of A.
nilotica prevented the correlation from becoming significant, but
there does appear to be a threshhold effect, whereby plants
containing in excess of 35 ~ 48% NDP are of low acceptance (Fig
7.15.1.}. The threshhold effect was weaker in the late growing
seagon and non-existent by the early dry season. In the late dry

season a significant negative correlation developed with the most
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Table 7.9. Differences Between the Neutral

7-283

Detergent Fibre

Concentration (% Dry Weight) in the Leaves of Favoured and

Non~preferred Woody Plant Specles

i. Kudus

Barly Growing Season
Late Growing Season
Early Dry Season

Late Dry Season

ii. Impalas

Barly Growing Season
Late Growing Trason
Barly Dry 8 ."n

Late Dry Season

iii, Goats

Early Growing Season
Late Growing Season
Barly Dry Season

Late Dry Season

* Significant at 958 by

Favoured Nen-prefeccred
Mean SE Mean SE

3.8 t 5.4 36.5 + 8.6
35,8 & 5.6 49.3 + 6.9
344 ¢+ 6.5 373+ 9.9
30.5+ 8.3 44.1 £ 8.9
Favoured Non-Preferted
Mean 8E Mean 8E

22,8 + 12,6 37.5 % 9.7
372+ 7.8 38.9 % 6.9
3.2+ 6.5 37.4 & 9.9
33.2+ 6.8 40.8 + 11.5
Favoured Moi-ireferred

Mean SE Hiran

3.9 £ 12,2 .t
3.5+ 48 4064
32.0 + 4.0

33,7+ 7.1

the Randomisation Test

SE
T
6.1

43,6 ¢ 11.2
37.9 £ 1.1

af
i)

11
11

dag
ir
11
11
11

ag
11
11
i1
le

1.134
1.421
8.562
2.998%

1.456
8.425
8.632
1.p87

6.145
2.673%
1.614
8.689

Ricad
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favoured species being of comparatively low NDF content (Table

79,0,
ii, Impalas

The concentration of NDF in the leaves was not significantly
cocrelated to the acceptance of the species by impalas. There was
little evidence of a threshold effect as for the kudus (Pig
7.18.11.}, In the dry season only the lew acceptance for A.
nilotica prevented a weak negative c’or(elation Erom attaining
significance (excluding A, nilotica r = -8.619% in the early dry

seasen and ¢ = -§,568% in the late dry season).
ili. Goats

For goats no corcelation or threshhold effect between NDF content
and acceptance was evident {Fig 7.15.1iii.). Yet in the late
growing season the preferred group of plants were of significantly
lower NDF content than the ron~preferrad plants {Table 7.9.). No

pattern was evident in the dry Season.
iv, plant Species Differences

Pour of the most £ibrous woody plants 0. pulchra, §, pungens, D,
rotundifolia and T, sSericea were generally of rather low
acceptance. However, the favoured plant G. flavescens also had a
high NDF content. A. pilptica was of low NDF content bitt was not

£avoured by the kudus in the growing season nor by the impalas and

Y




. ¥ e ]

738 1

goats in the dry season.

b. Acid petergent Flbre (ADF) i
i. Kudus

The ADF content of woody plant leaves was clearly significanily i
negatively cecrelated to the acceptance by kudus in the late dry i
season, Wit in the other seasons the favoured species tended to be i

those of intermediate ADF concentrations (Fig 7.16.1.). In the e ’
early growing season a threshold effect was evident as seen for
NDF concentrations, again plants containing in excess of 35 - 40%

ADF were not £avoured, J
i

{i. impalas

For the impalas there was no corralation between plant species

acceptance and ADF contents (Flg 7.16.ii.). The two species with

the highest ADF contents tended to be of low acceptance to the

impalas throughout the year, :
111, Goats

i
The goats, like the impalas, had a low acceptance for the two Lo

species rich {n ADF for most of the year but other than this no

selection for specles low in ADF was evident (Fig 7.16.iii.).
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iv. Plant Species Differences

The Acacia species, G.flavescens and R, leptodictya were

relatively low in ADF and all were generally favoured by the
animals. Those species containing much ADF were the non-preferred

species E, natalensis, 0. pulchra and B, afcicanum,

<. Neutral Detergent Fibre minus Acid Detecgent Fibre (NDF ~ ADF)

i. Rudus

The acceptance of woody plants by kud e was not correlated to the

NDF - ADF contents of the leaves f .1 %.), nor was there any
evidence of selection of species low © & constituent.
ii, Impalas

As for the kudus the impalas did not appear to select plant
species according to the concentration of NDF — ADF in the leaves

(Fig 7.17.ii.).

{ii, Goats

The NDF -~ ADF content of the leaves of woody plants was not

correlated to their acceptance by goats (Fig 7.17.1ii.}, although

the most favoured species were often oF low NDF — ADF content,

i
1
!
I
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iv. Plant species Differences

The species rcichest in MNDF - ADF were G. £Elavescens,
D.rotundifolia and S. pungens. These species cover a range of
acceptance values, Similarly of the species low in this
constituent V. rehmannil and the Acacia species were favoured

while B, africana and 0. pulchra were nom-prefecred.

d. Acid petergent Fibre minus Acid Detergent Lignin (ADF - ADL)

1. Kudus

The acceptance vr the woody plants by kudus was not correlated to
the ADF - ADL content {Fig 7.18.{.). In the dry season there was a
tendency for the Eavoured species to be of low ADF ~ ADL content.
This difference became significant only in the late dry season

{Table 7.18.).

ii. Impalas

The ADF =~ ADL content was not correlated to the acceptance of
plants by impalas (Fig 7.18.1i.). Several of the favoured species
in the early growing and dry seasons were low in this constituent,
tut the difference between favoured and non-preferred plants was

not significant {Pable 7.18.).
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Table 7.1¢. Diiferences Between the Acid Detergent Fibre minus

Acid Detergent Lignin Concentration (% Dry Weight) in the

Leaves of Favoured and Non-preferred Woody Plant Species

i. Kudus !

Favoured Non-Preferred

: Mean  SE Mean SE df &

Early Growing Season 15.8 + 18.3 19.3 + 6.3 11 8.768
Late Growing Season 16.4 + 2.9 15.3 + 4.8 12 @.453 V“ PR
Barly Dry Season 17.6 + 5.2 18.3 + 6.8 12 0.221 )
tate Dry Season 16.8 + 5.2 23.9 + 6.3 12 2.485%
Lo 3
ii, Impalas !
Favoured Non-Preferred
Mean SE Mean SE [t4 t o
Early Growing Season 14.8 + 9.2 19.9 + 5.8 12 1.272 8
fate Growing Season 15.7 + 3.3 15.7 + 4.7 12 0.000
Early Dry Season 152 £ 6.9 197+ 4.5 12 1540 '
Late Dry Season 18.64 4.6 213+ 7.9 12 6.632 ! ?‘r :
J
1ii. Goats ¢
Favoured Non-Preferred ’ '“

Mean S8 Mean SE [t4 t

Early Growing Season 19.9 + 6.3 16.5 + 8.3 12 9.789% ..
Late Growing Season 15.6 + 3.9 16.5 ¢ 4.5 12 0.656
Barly Dry Season 14.0 £ 5.4 20.3 + 4.4 12 2.385%

Late Dry Season 0.2t 4.2 18.2+ 6.4 18 0.289 N

* significant at 95% by the Randomisation Test
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iii. Goats

A significant negative correlation existed between the ADF - ADL
content of woody plants and their acceptance by gosts only in the
early dry season (Fig 7,18.1iii.), Other than this no pattern
existed,

iv. Plant Species differences

The favoured plant D. cinerea was relatively rich in ADF-ADL,
while plants low in this &ype of Eibre showed a variety of
acceptance values,

e. Acid Detergent Lignin minus Acid Detergent Ash (ADL - Ash}

i, Kudus

The acceptance of plant species by kudus was only significantly

negatively correlated to the ADL content in the late dry season

(Fig 7.319.i.), but the group of plants favoured in the late P

growing and early dry seasons were of significantly lower ADL

content than the group of less preferred species (Table 7.11.). o
ii. Impalas

The acceptance of woody plants by impalas was not significantly

correlated to the ADL content (Fig 7.19.ii.). Some of the favoured

species in the late growing and dry seasons were of low ADL
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Table 7.11. Differences Between the Acid Detergent Lignin minus
Ash Concentration (8 Dry Weight} in the lLeaves of Favoured and
Non~preferred Woody Plant Species
i. Kudus
Pavoured Non-Preferced
Mean SE Mean 88 ag t
* Barly Growing Season 14.1 + 8.6 16.8 + 7.4 11 @.571

Late Growing Season 1p.8 + 3.9 15,9+ 5.8 12 2.365*

Early Dry Season 9.1+ 2.7 14.4 + 5.1 12 2.119%
Late Dry Season 11.9 + 6.6 16.8 + 6.8 1z 1.442
ii, Impslas

Pavoured Non~Preferced

Mean SE Mean SE ag £
Early Growing Season 4.3+ 9.7 15.8 + 6.4 12 @.352

Late Growing Season 11,2+ 45 15,7 + 5.6 12 1.644

Early Dry Season 11.4 + 5.5 13,1+ 5.8 12
Late Dry Season 117+ 4.7 15.9 + 6.9 12 0.942
iii. Goats

Pavoured Non-preferred

Mean SE Mean Se as t

Barly Growing Season 13.1 + 7.3 16.3+ 8 12 9,738

Late Growing Season 11.5 ¢ 5.1 16.7 + 4.6 12 2,188*
Barly Dry Season 13.2 + 5.6 12.1 4+ 58 12 6.379

Late Dry Season 148+ 5.8 18,9+ 7.3 19 @.258

* Significant at 95% by the Randomisation Test

i
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content, but as a yroup, the Cfavoured species were not

significantly different from nen-favoured plants (Table 7.1l.}.
1ii. Goats

No significant cocrelation existed between the ADL content of
plants and thelc acceptance to goats (Fig 7.19.iii.). However, the
species Efavoured in the late growing season were of significantly
lower ADL content than the non-preferred plants (Table 7.11.).

iv. Plant Species Differences

A, nilotica and R, leptodictya were of low ADL content but were

not of high acceptance to the kudus until the iate dry season. The
ADL rich specfes O. pulchra, P. africanum, T. sericea and S.

pungens wece mainly of low to intermediate acceptance,

£. Sumary: The Acceptance of Woedy Plant Species in Relation to

vibre Concentration

i, The acceptance of woody plants by browsing ungulates was not
strongly correlated to £ibre content. NDF, ADF and ADL hag a

greater effect on acceptance than did NDF - ADF or ADF - ADL.

ii, In the early growing season acceptance was not correlated to
fibce content, but for the kudus, there was a threshhold
effect whereby plants containing in excess of 35 - 48% NDF or

ADF were of low acceptance.




iii.

iv.
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Woody Species favoured in the late growing season tended to
be of low ADL content. Bpecies favoured by the kudus and
goats contained significantly less ADL than the non-preferced
plants; for impalas the differences were not quite
significant. The plants favoured by the goats were glso of
significantly lower NDF content than less preferred plants.
Neither NDF - ADF or ADF - ADL concentrations affected the

acceptance of woody plant species in this season.

In the early dry season the plants favoured by the kudus were
lower in ADL than the non-preferred species., Several of the
species preferced by the impalas and goats were of low NDF
content but on average there was not a significant difference
between preferred and non-preferred groups of plants. The

goats also favoured those species low in ADF - ADL.

For the kudus only acceptance in the late dry seasun was
negatively correlated to both NDF and ADL contents. The
favoured plants were also significantly lower in ADF - ADL
than non-preferred species, In this season the impalas also
favoured those species with low NDF contents, but for the
goats no significant relationship between acceptance and

fibre content was evident,

Plants of high concentrations of NDF or 1ts components ADF or

ADL were generally of low acceptance to browsirg ungulates,

but plants with a relatively high concentration of NDF - ADF

A . o ¥
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or ADF -~ ADL showed a range of values.
B. Forbs
a. Neutral Detecgent Fibre (NDF)
i, Kudus
The NDF content of whole forb plants was not significantly
corcelated to the acceptance by kudus (Fig 7,20.s.). Several
species of high acceptance in the dry and early growing seasons
were of high NDF content,
ii, 1mpalas
Impalas showed a similar lack of correlation between acceptance
and NDF content (Fig 7.28.il.). They often favoured species with
high NDF contents.
iii, Goats
The NDF content of forbs was not significantly correlated to the
acceptance by goats (Fig 7.20.1ii.). At all times of year NDF rlch
plants were often favoured,

iv. plant Species Differences

P. campestris, macca and T, forbesii were all of high NDF

- - pra
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content yet were favoured at certain times of year. W. indica had
a relatively low NDF content but was eaten mainly in the late dry

season,

b, Acid petergent Fibre (ADF)

i. Rudus

Forb species favoured by the kudus tended to be of moderate to low
ADF concentration but overall there was no signifiant correlation

between acceptance and ADF content {Fig 7.21.1.).

ii. Impalas

The acceptance of Fforb species was not correlated to the ADF
content of the plants (Fig 7.21.ii.), In the early growing season
the two most Favoured species were of low ADF concentration, but
for the rest of the year the Favoured plants were often of high

ADF content.

iti, Goats

In the late growing season and early dry season the goats favoured
two species high In ADF, but in the late dry season a negative
correlation developed between ADF concentration and acceptance,
This was due to the high acceptance value of J, Egy_g which
contains much less ADF than the other Cforb specles (Fig

7.2L.4010).
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iv, Plant Species Differences

J. flava contained relatively less ADF than most other forb
species but the acceptance of this plant varied widely between
animals and between seasons. Plants rich in ADF ir.auwwd the
favoured T. forbesii as well as non-preferred species such as Q.

herbacea,

c. Neutral Detargent Fibre minus Acid Detergent Fibre (NDF — ADF)

1. Kudus

There was no correlation between the acceptance of forb species by
kudus and the concentration of NDF ~ ADF in the plants (Fig
7.22.44) .

ii. Impalas

The impalas 1like the kudus, showed no cocrelation between
acceptance of forbs and NDF- ADF concentrations (Table 7.21.ii.),
Favoured spcies showed a wide range of fibre contents

iii. Goats

Once again there was no significant relatlonship between focb

species acceptance and NDF - ADF contents, In the late growing

season the favoured species were rich in this fibre component.
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iy, Plant Species Differences

P, campestris was comparatively rich in NDF - ADF and was a
favoured species, J. flava and W. indica were low in this type of

fibre but were only favoured at certain times of year.

d, Acld petergent Fibre minus Acid Detergent Lignin (ADF - ADL)

i. Kudus

The acceptance of forbs by kudus was not significantly cocrelated
to the ADF - ADL content (Fig 7.23.i.). The most highly favoured

species were of moderate ADF - ADL content.

ii. Impalas

Mo signifeant correlation was found between the acceptance of
forbs by impalas and the ADF - ADL content (Fig 7.23.ii.). Several
species favoured in the early dry season were of high ADF - ADL

content;, while species low in this fibre were often not favoured.

iii. Goats

The goats also showed no significant correlation between ADF ~ ADL
content and the acceptance of forbs (Fig 7.23.iii,). In the late
wet Season several favoured species were of high ADF ~ ADL
content, Only in the late dry season were some of the species low

in this fibre Eavoured.

e
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iv, plant Species Differences

P. ampestris and 0. herbacea were the two species of highest ADF
- AL content but were at opposite ends of the acceptance

spectrim,

e, Acla - .ecgent Lignin minus Acid Detergent Ash (ADL — Ash)

i, Kudus

There was a negative correlation between ADL content and the
acceptance of forbs in the late growlig season. This was mainly
caused by a “igh acceptance for both J. flava and P. campestris
{Fig 7.24.1.). Species favoured in the early dry season tended to
be of low ADL content, but the difference betwsen prefécred and
non-preferred groups of species was not significant, In the lste

dry season Several ADL rich spacies were favoured,

ii. Impalas

There was a significant negative correlation between acceptance by
impalas and the ADL content of forbs in the early growing season
{Fig 6.24.11.). This was due to the high acceptance of P,
campestris and J, flava. Several specles favoured in the late dry

season had high ADL contents,

@ 4t
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iii. Goats

No significant correlation existed between the acceptance of forbs

by goats and concentrations of ADL (Fig 7.24.iii.). The most

e favoured forb plants in the early growing and late dry seasons

o were of low ADL content, but in the other seasons species of

moderate BDL content were favoured.

iv. Plant Species Differences

P. campestris and J. flava were of low ADL content in the growing
season, When both were of high acceptance a negative correlation

developed between ADL and acceptance. The perennial plants were of

. increased acceptance in the late dry season and contained more ADL

e than the less stemmy specles favoured in the growing season.

£. Summary: The »cceptance ¢f Jorb Species in Relatjon to Fibre

Content

N i. fhe acceptance of forbs by browsing ungulates was not

determined by the fibre content of whole plants.

o ii. only AD% showed a significant negative relationship with

S accepance, and then only for impalas and kudus in the growing

i season.

iii. In the late dry season fibrous perennial forbs increased in

acceptance as little else was available. =
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3. Toxins

A, Woody Plants

a, Mono- and Sesqui~ 7Terpenes

Low molecular weight terpenes were detected in the leaves of all
woody plants and it was not possible to quantify or distinguish
between mono- and sesqui-terpenes, However, an aromatic odour is
charactecistic of moho-terpenes.Hence highly aromatic plants were
presumed to be richer in these compounds than non-aromatic plants.
{e Kudus

The aromatic species V., rehmannii was favoured through out the
year by the kudus, but the other comnon aromatic woody species R.
leptodictya was of low acemptance in all but the late dry season.

ii. Impalas

Both aromatic woody species were cf low acCeptance to the impalas

in the growing season, but were favoured in the dry season.

iii, Goats

The goats had a high acceptance of the two aromatic woody plants

in all but the early growing season.

e . ot
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iv. plant Species Differences

V. retmannii and R. leptodictya were the most Common aromatic

. L3
woody plants. Othec acomatic woody plants were the less common V. -

mombassae and R, pyroldes. R. pyroldes was of high acceptance to

all three animal species, V, mombassae was very rare and was only

seen to be eaten by the kudus.

b. Saponins

i, Kudus
s
The kudus had a low acceptance for the mature Foliage of the four 1,‘ "
woody plant species showing high levels of foaming activity,
See
indicative of saponins, ard confimmed by TLC. Plants containing 2 h

= e
little or no foaming activity were of varied acceptance to kudus.

ii. Impalas

With the exception of 7. secricea the impalas had a low acceptance

of all species with a high to intemmediate foaming activity. Again

those species with little or no foaming activity were of varied

acceptance.,

iii. Goats

The goats did not favour three of the species which Ffoamed most

= i S,
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vigorously when shaken in an aqueousalcoholic solution, but had a

high acceptance for R, leptodictya,

iv. Plant gpecies Differencas

The extracts of mature lewves of B. africana, p.africanum, R,
leptodictya and T. sericea foamed vigorously in solution, yet
little foaming was observed for the immature foliage. Species
containing 1ittle saponing (by foam and TLC) were the acmed
species, evergreen species, and G. flavescens and D,
rotund sse plankts show a wide variety of acceptance
values. = eSS common species C, bispinosa and Vangueria
infaustra are reported to contain saponins (Watt and
Breyer-Brandwijk 1962). The evergreen C. bispinosa was of fairly
high acceptance in the dry season, especially to the impalas and

goats, but V. infaustra was not favoured.

c. Alkaloids

i, Kudus

The kudus had a low acceptance for §, pungens in all but the late
dry season. This species gavu a consistent reaction with alkaloid
detection reagents. The only other woody plant species to give a
consistent, although very weak, reaction was the favoured plant V.
cehmannii, alkaloids were detected in the immature leaves of D,
rotundifolia and T, sericea. The kudus ate the new leaves of I,

rotundifolia more readily than the mature leaves despite the
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possible presence of alkaloids. T. sericea waz of low acceptance

in the growing season.

ii, Impalas

Impalas favouced neither V. rehmannii or 5. pungens in the growing
season, but ate both speries in the dry season. Young leaves of
both P, serices and D. rotundifolia were eaten.

$ii. Goats

The patterns of acceptance by goats for the woody plants possibly
containing alkaloids was very similar to that of the kudus, with
no evidence of avoidance of alkaloids,

iv. Plant Species Differences

Few of the woody plant species tested reacted with the alkalenid

detection reagents., $. pungens gave a stronger reaction than V.

cehmannii which was generally of higher acceptance to the animals.

The presence of alkalolds in the new leaves of T. gericea and D.

rotundifolia did not relate to the patterns of acceptance of these

species,
d. Cyarogenic Glycosides

No cyanogenic activity was detectcd in the leaves of woody plants.
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The impalas in particular spent much time eating the pods of
A, tortilis, which are sometimes reported as having cyanogenic

activity but the A. tortilis pods at Nylsvley were not analysed,
Mundulea sericea is also reported to contain cyanogenic

glycosides but was seen to be eaten occasionally by the impalas

and goats,

e, Other Toiins

i. Toxic Glucosides

T, sericea is reported to contain a toxic glucoside 'Nerifolin' in

the leaves. The very new and waxy leaves of T, sericea were not

eaten but the impalas had a moderately high acceptance of these

leaves once they reached full size. 'The kudus and goats had a

lower acceptance of this species.

ii. Monofluoroucetate

‘The woody geop: vte Dichapetalum cymosum produces new green leaves

in the late dry season in advance of most other plants. Thase new
leaves contain high levels of moncflurcacetate, a lethal heart
toxin, The Impalas and kudus ignored these new leaves and were not
even seen to sniff them. The goats, however, did eat this plant
and one animal died as a consequence. When new D, cymosum leaves
were present the goats had to be kept in a paddock cleared of this

peant. During feeding trials when they were out in the main




T-47

enclosure, the goats had to be physically restrained from eating

the toxic leavas.

iii, Terpenes, Sterolds and Latex

Both Croton qratissimus and Qzoroa paniculosa contained a white

terpenoid latex, C. gratissimus was rare but was seen to be eaten
by the kudus. 0. paniculosa was wore common and was of low
acceptance to the kudus and impalas, but was Favoured in all

seasons by the goats,

Steroids are triterpenes and are seported In the rar~ woody

specles V. infaustra which was not eaten by the kudus and impalas,

and in C. bispinosa which was of high acceptance to impalas and

goats in the dry season but of rather low acceptance to kudus.

£. Unidentified Toxins

Securidaca longipedunculata is highly poisonous to man, being used

for ‘trial by ordeal' in initiation ceremonies (Watt and
Breyer-Brandwilk 1962). It was, however, of moderate acceptance to

all three species of browsing ungulates.

g. Summary: The Acceptance of Woody Plant Species in Relation to

the presence of Toxins

i, Plant species acceptance was not influenced by the presence

of alkaloids or aromatic compourkis,
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i{. Cyanogenic activity was at: nt From the woody plant species

tested,

i{i. plants with a high level of foaming activity in solution,

indicative of saponins, tend to be of low acceptance,

iv. The impalas and kudus avoided Dichapetalum cymosum,
containing the lethal toxin monofluoroacetate. The goats ate

this plant and were duly poigoned.

8, Forbs

a, Mono~ and Sesqui- Terpene Lactones

All the common forbs Lested contained low molecular welght

terpenes but none were aromatic.

i. Rudus

The kudus favoured several species of arcuwatic forbs including
Lippea javanica, Lantana rugosa and Ocimum canum. They also had a
high acceptance for the compositae species Vernonia oligocephala.
Unlike many other members of this fanily V, oligocephala does not

contain toxic sesquiterpenes.
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ii, Impalas

The impalas also ate V. oligocephala and favoured L. javanica, L,
rugosa and several members of the aromatic labiate family,

especially Q. canum and PBecium angustifolium,

1ii. Goats

The goats had a high acceptance of B, angustifolium but rarely

encountered other aromatic forbs,

iv, Plant Species Differences

Most aromatic forbs belonged to the Lablatae ard Verbenaceae and

were often eaten when encountered by the animals.

b. Saponins

1. Kudus

The kudus had a low acceptance for the two forbs found to contain
saponing in the pre-flowering phase. All the forbs analysed seemed
to contain saponins in the late growing season. No selection for
those species free of saponins in the dry season was evident.

Aloes also contain saponing but were eaten by the kudus,
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ii, Impalas

As for the kudus, the pattern of acceptance of forbs by impalas
did not appear to be influenced by the presence of saponins,
except that the acceptance of the two species containing saponins

in the pre~flowering stage was low.

iii. Goats

The acceptance of forb species to goats did not seem to be
affected by the presence of saponins. Like the kudus and impalas,
the goats had a low acceptance of the two species containing

saponins ity the nretance of the two flowering phase.

iv. Plant Species Differences

Saponins were detected only in the perennial species H, grisea and
5. cordifolia in the early growing season. Neither of these
specias were favoured at this time of year. All the forbs reacted
with saponin detection reagents in the late growing season, P.
campestris, J. ilava and 8, panduraeforme ceased to react with the
saponin detection reagents in the dry season, These species show a

variety of acceptance values.

AT
-
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<, Alkaloids v

i, Kudus )

The kudus had a high acceptance of one of the Forb species giving

a strong reaction with alkaloid@ detection reagents, but a low

acceptance For the other two species giving a similar reaction. -

The only Forb not reacting with the re.jent, W. indica, was of low

L acceptance in the growing season; but more favaiwed in the drv

season,

ii. Impalas

The impalas showed no consistent pattern of acceptance for species
o reacting strongly with alkaloid detection reagents. The one B

alkaloid free forb was only of high acceptance in the dry season,

TR iii, Goats
. 1.
. The goats also favoured one of the strongly reacting species, but !
had a low aciv. .@nce of the other species. As for impalas, W,

indica was of low acceptance in the growing season, but the

> acceptance inireased in the dry season.

iv, Plant Species Differences

H J. flava and to a slightly lesser extent §. panduraeforme and T,

i

forbesii reacted strongly to the alkaloid detection reagents. S.

L . o
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panduraeforme was a non-preferced species but the other two were
favoured for limited periods. The only plant not to react with
Mayer's or Dragendorff's reagents was W. indica, but this species

was not Favoured in the growing season.

d. cyanogenic Glycosides

The only comwon forb to contain cyanogenic glycosidas was J.

flava, Cy was only in the pre-flowering plants.
The kudus and goats did not have a high acceptance for this plant

at this time of year, but for the impalas the pre-flowering plants

were of higher than older, 'Y ic plants,

Cyanogenic activity is reported for some species of Commelina
and Tephrosia. 1In this study T._forbesii was a favoured forb and
no cyanosis was detected. Commelina species were also favoured by

the animals,

e, Other Toxirs

i, specific Alkaloids

The Kalanchoe species contain a highly neurotoxic alkaloid
‘Cotyledontoxin' (Watt and Breyer-Brandwijk 1962). These plants
were avoided by the impalas and kudus but were eaten by the goats
in the growing season, when thece was plenty of alternative food
available. One of the goats showed classic symptoms of

cotyledontoxin poisoning for several weeks.

!
I
i
¥
i
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The goats, but not the kudus and impalas, also ate Nidorella

resedifolia which contains a toxic alkaloid, Although some Solanum

species have highly toxic Fruit containing sclanine and solanidine
the common species at Mylsvley, S. panduragforme, was not toxie,
but was only of moderate acceptance to the impalas and of lawec

acceptance to the kudus and goats.

ii. Cardiac Glycosides

Asclepias species contain toxic cardiac glycosides. They were
avoided by the impalas and kudus but eaten by the goats.

iii. Terpenes and Steroids
Diterpenes are reported to occur in L, rugosa, Labiate species and

Clerodendron species. All wece eaten by the ungulates, Steroids

occur in W, indica and Elephantorrhiza obligua. Although W. indica

was favoured only in the late dry season, B, obligua was of high

acceptance in the growing season,

iv, Oxalates

Oxalis corniculatus and Portulaca quadrifida cc tsin oxalates.

Neither species was preferred.
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E. Summary: The Acceptance of Forb Species in Relation to the

Presence of Toxins

i. Other than the avoidance of a few highly poisonous forbs,
selection by browsing ungulates did not appear to be related

to the presence of toxins.

ii. The indigenous kudus and impalas avoided highly toxic forbs

such as the Kalanchoe and Asclepias species which contain the

neucrotoxin "Cotyledontoxin® and cardiac  glycosides

respectively. The goats ate poisonous forbs.

4, Digestion-Reducing Compounds

A, Woody Plants

b. Ether-Extractable Compounds

1. Kudus

There was no significant correlation between the level of

ether-extractable compounds in the leaves and the acceptance of

woody plants by kudus (Fig 7.25.1.), nor was there any

distinguishable difference between preferred and non-preferred

species.

&
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ii. Impalas

Acceptance by the impalas wac also not significantly correlated to
the concentration of ether—extractable materials in the leaves
{Fig 7.25.1i.). The species favoured in the early growing season

were of fairly low ether—extract content,

iii, Goats

No significant correlation existed betwesen acceptance by goats and
ether-extract content, except for a weak positive correlation in
the late growing season, when R, leptedictya and C. molle were
£avoured (Pig 7.25.1i1).

iv. Plant Species Differences

V. retmannii, C. molle and E. vatalensis were comparatively rich
in ether-extract. The acceptance w:}ue of these plants differed in
the growing season but all were oi increased acceptance in the dry
season. Specles low in ether-extractable compounds included four
species of low acceptance B. africina, 0. pulchra, P, africanum

and D. rotundifolia and the favoured plant G. flavescens.

@
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b. Enzyme-inhibiting polyphenols

i, Kudus

No significant cocrelation existed between the enzyme~inhibiting
polyphenol content of woody plants and thelr acceptance by kudus
{rig 7.26.1.). The most favoured species in the growing season
ware of faicly low polyphenol content but there after acceptance

appeared to be unrelated to the total polyphenol content.

ii. Impalas

The acceptance of woody plants by impalas was not significantly
correlated to the polyphenol content of the leaves except in the
late growing season when a high acceptance for A. nilotiga, which
is rich in w.uyme-inhiblting polyphenols, caused a weak positive

coccelation . ‘avelop (Fig 7.26,11.).

iii, Goats

as for the othec animals acceptance of wsody plants by goats was
not significantly correlated to ihe concentration of
enzyme-inhibiting polyphenols in the leavei (Fig 7.26,i1i).

iv. Plant Species Differences

The four species rich in enzyme-inhibiting polyphenols were A,

nilotica, C, molle, T. sericea and P, africanum. These species

e
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showed a wide range of acceptance values to large ungulates.
<, Condensed Tannins (Proanthocyanidins}
i, Rudus

The overall correlation between the acceptance of woody plants and
the condensed tannin content of mature leaves was negative but
non-significant. However, there was a clear threshhold effect (Fig
7.27.). Plants containing in excess of 5% dry weight condensed
tannin were of low acceptance to the kudus. The preferred plants

were not the lowest in tannin ations but

contained 3 — 3.58% condensed tannin, below the threshhold level,

ii. Impalas

With the exception of T, _sericea, which was of moderate
acceptance, all plants containing more than 5% condensed tannins
were of very low acceptance to impalas. Despite the higher
acceptance value of T, sericea, this species made up less than

0.5¢ of the total diet of the impalas.

iii. Goats

The 5% threshhold level for condensed tanning and plant acceptance

was also evident for the goats, though rather less clear cut, As

with the impalas, T. sericea was of higher acceptance than the
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other tanpin rich plants, although this may be an effect of small
sample size. T. Sericea is a very common species wut occurs mainly
as trees where the leaves are out of ceach of the smaller

ungulates.

iv. Plant Species Differences

T. sericea, 0. pulchra, D. rotundifolia, E. natalensis and B,
africana were high in condensed tannin and of low acceptance.
Other non-preferred plants are P. africanum and 5, pungens, but
these do not contain much condensed tamnins. P. africanum contains

mucilage and saponins while 5, pungens is of high fibre content.

Of the high condensed tannin pla -, i, africana, D. rotundifolia
and Q. pulchra were eaten when & .. : !, presumably before the

deposition of condensed tannins,and 7, sericea and E. natalensis
were eaten in the late dry season when food availability was low.
Of the two evergreens $. pungens, which contains no tannins, was

preferred over the tannin rich species g. natalensis,

4, Other Digestion-Reducing Compounds

1. Mucilage

The non-preferred plant P, africanum produces a thick muwilaginous

slime in solution. This may interfere with the digestibility of

this plant.

Bl PR .




e, Summary : The Acceptance of Woody Plant Species in Relation to

Concentrations of Digestion Reducing Compounds

i. The acceptance of plant species was net correlated to the
concentrations of enzyme-inhibiting polyphenols  or

ether-extractable fats and resins in the leaves.

ii, tannin (Pr ranidin) ations acted by a
threshhold effect. Plants containing in excess of 5%

condensed tannins were of low acceptance to all the animals.

iii. The one woody plant containing a mucilaginous slime was of

very low acceptance to all the aniwals.
B. Forbs
a. Ether-extractable Fats and Resins
i. Kudus
The concentration of ether-extractable compounds in forbs was not
significantly correlated to their acceptance by kudus (Fig
7.28.1,}. In the growing season the favoured forbs tended to be of

cather low ether-extract content, but In the dry season there was

no pattern.
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if, Impalas

Acceptance was not significently correlated to ether-extract
concenteations (Fig 7.18.ii.). The favoured plants in the early
growing season were of low ether-extract content but therea fter

plants high in ether-extract were also favoured.

411, Goats

Ne  significant correlation existed Dbetwesen ether-extract
concentrations of forbs and acceptance to goats (Fig 7.28.1ii.).
The favoured species in the late dry and eacly growing seasons
were relatively low in ether-extractable compounds but species

rich in the extract were favoured in the other Seasons,

iv. Plant Species pifferences

T, forbesii was cich in ether-extract and was favoured by the
impalas and goats. Other rich species, S. panducaeforme and H.
4grisea, were not of such high acceptance. The plants lowest in
ether-extract inciuded both favoured species, P, campestris and
J. flava, and less prefecred plants, E. alsinoldes and 8.

cordifolia,

b. Enzyme-Inhibiting Polyphenols

Compared to woody plants the concentrations of polyphenols in forb

1
1[

4
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plants were very small, Only W. indica contained appreciable

quantities of enzyme~inhibiting polyphenols.

i. Kudus

The concentration of enzyme-inhibiting polyphenols in forbs was
not corvelated to thelr acceptance by kudus (Fig 7.29.1.). W.
indica was favoured over several species of lower polyphenol

content.

ii. Impalas

The relationship between enzyme-inhibiting polyphenols and
acceptance of forhs by impalas was similar to that of the kudus,
with no significant corcelations evident, (Fig 7.29.ii.}. The only

species high in polyphenols was of intermedlate acceptance.

11i, Goats

The species of highest highest polyphenol content was of low
acceptance to the goats (Fig 7.29.iii.). The favoured species
tended to contain moderate amounts of polyphenol, thus no
correlation existed between acceptance to the goats and polyphenol

contents of Eorbs,

iv, Plant Species Differences

Forbs were generally of low polyphenol content. W, indica
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contained the highest concentration of enzyme-inhibiting
polyphenols in the growing season, but concentrations fell to only
@.5% dry weight in the late dry seacon. It was in this season that

W. _indica was of highest acceptance to the impalas and kudus.
¢, Other Digestion-Reducing Compounds

i. Mucilage

The forb Dicerpcarium zanguibarium formed a thick mucilaginous
water but was seen to be eaten occasionally by impalas.

slime in
It was not often encountered by the other animal species.

d, Summacy : ‘The BAcceptance of Forb Species in Relation to

I ions of Digesti ing C

of ether- e fats and resins in

f. The -ation
forbs was similar to that of woody plants, and as for woody
plants, acceptance was not related to concentrations of

ether-extractable materials.

ii. Concentrations of enzyme-inhibiting polyphenols in forbs were
much lower than in woody plants. Only W. indica contained
much polyphenol, This species was eaten mainly in the late
dry season when the polyphenol content had decreased to very

low levels.

iii, The presence of mucilage in plants did not deter the impalas
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from feeding on the species.

7.4. DISCUSSICN

1. Nutrients

In this study nutrients were not the primary forces governing the
selection of browse plants by ungulates, Although correlatioms
between the acceptance of plant species and nutrient contents were

generally positive they rarely reached significance.

Correlations with acceptance were only significant in the
early growing season for the nutrients nitrogen, phosphorus, and
magnesium in woody plants and then only for kudus, which are pure

browsers eating little grass.

For forbs any significant correlations were dominated by J.
flava, a patchily dispersed forb of extremely high potassium,

caleium, magnesium and sodium content.

In the growing and early dry seasons the woody plants favoured
by all the animals tended to be of above average nitcogen
(protein) and magnesium content. Again this effect was clearest
for the kudus. The kudus also tended to favour plants of high
potassium content, Selection for phosphorus rich plants was shown
only by the Kudus in the early growing and early dry seasons.

Calcium rich plants were favoured by the kudus and goats in the

T




764

late growing season. For impalas this effect was less clearcut.
The kudus alone showed a preference for woody species with above
average sodium content 4n the early dry season. In the late dry
season, when the availability of browse was low, the acceptance of
most plants, including the nutrient poor species, increased ang
even the weak sclection for nutrients observed in the previous
seasons ceased Lo exist., Only magnesium was selected for in the
dry season, although this mineral is racely deficient in the diets
of herbivores (A.R.C. 1965). Since magnesium is associated with
chlorophyll it may be that the animals waere selecting for
greenness. Woody plants were not selected for their moisture

content.

The relationship between the acceptance of forb species and
the nutcient content of whole plants was dominated by J. flava,
The impalas favoured this species only in the early growing season
when it was rich in potassium, magnesium and water. The kudus had
a high acceptance of J, flava in the late growing and early dry
seasons when it contained above average concentrations of
potassium, caleium, magnesium, sodium and water. The goats stowed
no preference for this plant until the late dry season when they

ate the leafless green stalks.

1f g, flava was removed from the regressions there was no

significant correlations between the acceptance of forb species

and the nutrient concentrations of these plants.

Many studies of dietary selection give conflicting evidence as
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to whether or not diet selection by browsers is influenced by

nutrient concentrations in the plants.

Studies restricted to the growing season, indicate weak
selection for nutrients (Lindlof et, al. 1978, silton 1984, White
& fTrudell 1980, Leader-Willlams et, al, 1981, Vangilder et. al.
1982), while studies in the dormant season find little evidence of

nutrient selection (Kuropat & Bryant 198¢, Sinclair & Smith 1984).

Year round studies show a pattern of selection similar to that
occuring at Nylsviey, whereby weak selection for nutrients is
observed in the growing season, but selection is relaxed when food
availebility 1is low. Pellew (1982) showed that while giraffe in
the Serengeti selected for the young Acacia shoots rich in
nitrogen and phosphorus in the growing season, there was no
relationship between species selection and nutrients in the dry

geason.

similarly kudus in the Kruger National Park select for plants
eich in nitregen and phosphorus and of high moisture content only
in the growing season (Movellie 1983), In this season the kidus

preferred the nutrient rich leaves of Acacia nigrescens, but in

the dry season the utilisation of less nutrient rich broad leaved

species increased.

gven in the growlng season all nutrient rich plants ars not
necessarily favoured by the herbivores., At Nylsvley the free D,

rotundifolia had leaves which were rich in all macronutrients. The

|
|
L
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leaves wete eaten when they were new and $oft buf once they
reached full size they became of very low acceptance to the
browsing ungulates, Mature D. rotundifolia leaves have a very
gritty texture but leaves of the favoured plants G, flavescens and
E, rigida were equally rough in texture. What D, cgtundifolia does
have, however, is a heavy allocation to digestion-ceducing
condensed tannins, which seemingly negates the potentially high

nutrient gain for animals eating this plant,

The fork 8, panduraeforme was very cich In nitrogen,
phosphorus, potassium and calcium yet was of low acceptance to the
z‘:nimals. Solanum species frequently possess toxic alkaloids {Watt
& Breyer-Brandwijk 1962). S, panduraeforme also gave a stcongly
positive reaction to alkaloid detection reagents but none of the
toxic alkaloids characteristic to the genus have been detected in

this particular species.

The Acacia species were of rather lower acceptance, especially
to the kudus, than may be expected Erom their high nutrient
content. Possibly the low rate of food intake achieved from these
thorny species decreases the overall nutritional value of these
plants to the ungulates. The kudus, having the largest body size,

would be the most affected by this restriction.

Many planhs are rich in both protein and most macronutrients,

others may be selected for single factors, D, cinecea leaves were

rich in all rutrients when young, but on maturity the levels of

all nutrients cxcept nitrogen and magnesium decreased greatly, Yet

[P
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the acceptance of this species remained unchanged.

Similarly V.rehmannii, a favoured food plant of the goats and

kudus was rich only in magnesium and calcium when mature.

Sodium concentrations in the vegetation at Nylsvley were
exceedingly low yet no clear selection for this mineral was
observed., Herbivores Ffrequently obtain their sodium requirements
Erom srurces other than terrestrial vegetation. Moose obtaln their
sodium Ffrom aquatic vegetation [RBelovsky 1981), while caribou
migrate to the coast to feed on sodium rich sea-sprayed vegetation
{Staaland & Jacobsen 1983). In Wankie National Park, elephants
obtained sodium from a salt lick, or when this was removed, from
the salty sofl remaining at the site. The animals at Nylsvley also
had access to a salt lick and probably obtained much of their

sodium requirements from this source.

Mo selection for plants rich in moisture was evident. although
not important at Nylsvley, the moisture content of plants does
influence the selection of plant species by desert ungulates

(Taylor 1969).

Moran & Hamilton (1989) argued that the maintenance of low
protein concentration in the leaves could be a form of plant
defence against hecbivory. Certainly large herbivores did select
against those plants of low nutrient quality but the plant cannot

fulfill its own developmental and physiclogical requirements
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without maintaining a pool of nutrients in the leaves (Mooney &
Gulman 1982). Also low protein content may merely mean that insect

herbivores eat more of the leaves (Fox & Macauley 1977).

The high potassium and low sodium concentrations observed in
plants =2re the reverse of the animals requirements. Plants
actively exclude sodium £rom the roots (Nye & Tinker 1977). It has
been suggested that this mechanism is also directed against
herbivores (Chapin et. al. 1980), but since the plant has its own
physiological needs and nutrient balances, and al’ plants appear
to excrete sodium, it is unlikely that anti-herbivore defence is

the primary reason for this phenomenon.

2. Pibre

There was only weak evidence that browsing ungulates select
against very fibrous plants at Nylsvley. The impalas and goats
avoid fibre by eating leaves rather than shoots, Although kudus
eat both leaves and the more fibrous stems, they showed the most
clearcut selection against fibre in the leaves of woody plants, In
the growing season the kudus had a low acceptance of those plants
which contained in excess of 35 ~ 40% NDF, or its constituent ADF,
in the leaves. This threshhold effect disappeared In the early dry
season, but by the late dry season, a negative correlation had
developed between NDF and ADF contents and acceptance by kudus.
Impalas did not show this threshhold effect, Discrimination

against very fibrous plants was clearest in the dry season and,

but for the low acceptance of the A. nilotica, there would have
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been a significant negative correlation, The NDP content of woody
plant leaves had less effect upon piant species selection by
goats. (Only in the late growing season were £ibrous species of

very low acceptance.

On examining the major constituents of total fibre it was
found that selection was strongest against ADL. The kudus had a
low acceptance for those species of abave average ADL content once
the leaves achieved full size. For impalas and goats ADL contents

only seemed to influence selection in the late growing season.

The potentially digestible fractions of total fibre, namely
NDF - ADF and ADF - ADL, had little affect upon the selection of

woody plant species.

The selection of forb species by browsing ungulates appeared
to be unrelated to the fibre content of whole plants. The stemmy
perennial species were eaten increasingly in the dry season, but
this is probably a function of availability, The impalas and goats
tended to bite off the side leaves or shoot tops of stemmy forbs
indicating an avoidance of the fibrous stems, The kudus were less

selective in thelr feeding.

As for nutrients, previous studies on dlet selection by
herbivores do not all show the same pattern. White-tailed deer in
Missouri were found to select against fibre, and especially
against lignin (vangilder et, al. 1982), Studies of small

browsers, such as monkeys, indicate avoidance of fibre (Milton
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1979, Oates et, al, 1984, Glander 1981), while studies on a
variety of northern animals found diet selection to be independent

of fibre content (Klein 1976, Bryant & Kuropat 1980).

Fibre may be the main factor in controlling the digestibility
of grasses (Van Soest 1982), but for browse the relationship is
complicated by the presence of digestion-reducing secondary
compounds (Oldemeyer et. al. 1977, Kuropat & Bryant 1980).

3. pigestion-Reducing Compounds

The most educing in woody n

at Nylsviey were the polyphenols. The two major classes of these
phenolics were the enzyme-inhibiting polyphenols and the condensed

tannins or proanthocyanidins.

No relationship was found |between the acceptance of
enzyme-inhibiting polyphenols and plant species acceptance by
browsing ungulates, other than a positive correlation in the late
growing season Ffor impalas. In this season three of the Eavoured

plants A, nilotica, D, ciperea and ¢, molle yielded high

concentrations of polyphenols.

Correlations between accaptance and condensed tannins in
mature leaves wece negative buk not significant. However there was
a definite threshhold effect at 5% dry weight. Plants containing
in excess of 5% condensed tannins relative ta a Sorghum III tannin

stendard were of low acceptance, This effect was most clearcut for

W



the kudus because the impalas and goats had a moderate acceptance
£or the tannin rich plant T. sericea. This species, however, made

up less than @.5% of the feeding time of these animals

That condensed tannins should influence diet selection by a
threshhold effect §s consistent with their mode of action. Tannin
bound complexes are only stable because sufficient bonds and

cross-links are firmed (Swain 1978).

Of the Five condensed tannin cich species, three were caten
only during the new leaf flush when tondensed tannin contents acre
likely to be low (McKey 1979). Species having a low condensed
tannin content, yet being of low acceptance to all three species
of browsing ungulate, were the fibrous, armed, evergreen S.
pungens and P. africanum which contains a mucilaginous slime and
is known to be of very low digestibility to ruminants (van Hoven

pers. comm.).

To Jdate the only studies, other than this project, which
compare the different: effects of condensed tannins and
enzyme-inhibiting polyphencls on diet selection by browsers, have
been done on leaf eating monkeys. These small animals are not
ruminants, although the colobinae do have forestomach fementation
{Watecman et. al. 1988), nor do they digest much cellulose.
However, Ffeeding studies indicate that leaf eating monkeys do not
discriminate against enzyme-inhibiting polyphenols but avoid
plants containing high levels of condensed tannins (Milton 1979,
Qates at. al. 1983, Waterman & Wrangham  1981).
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Condensed tannins also deter feeding by cattle (Wilkins et, al.
1953), sheep (Harborne 1977}, goats ({(Provenza & Malechek in
press), and deer (Cooper-Driver et. al. 1977}, all of which are
ruminants. Swain (1979) also reports that tortoises avoid plants
containing in excess of 2% condensed tanning. Threshhold levels
will of course vary slightly depending on the standard used in

analysis.

Clearly the two types of tannins have a different effects on
diet selection by herbivores. Zucker (1983) hypothesised that
condensed tanninsg, which bind strongly to cellulose as well as to
proteins, function to protect plant cell walls against microbial
attack by binding to the cell wall cellulose. Ruminants are
dependent  upon microblal fermentation of cellulese for a
significant part of their energy supply. Condensed tanning will
render the plant cellulose indigestible, and hence the plant will
be a poor source of enecrgy for the ruminant. For nop-ruminant
herbivores condensed tanning may slow down the turnovec rates in
the forestomach or tascum, as do digestion~reducing resins (Bryant

1981).

The other class of tannins 1s the hydrolyzable tamnins,
included in the measurement of enzyme~inhibiting polyphenols,
These tannins bind mainly to proteins and are potentially
degradable due to their carbohydrate core (Zucker 1998). That
these tannins do not appear to deter feeding by browsing mammals,
despite thelr high astringency, suggests that they are being
rendered ineffective due to either the alkaline pH in the rumen,

oc¢ to degradation by the symbiotic microflora.

e




A second class of digestion-reducing compounds are the
terpenoid and phenolic :esins derived from the isoprene pathway
rather than Erom the shikimic acid pathway like tannins. In boreal
ecosystems these resins are abundant and are important as
deterrents to & wide range of vertebrate herbivores (Bryant &
Kuropat 1989, Bryant 1981). Levels of ether-extractable resins in
the Nylsvley vegetation were much lower than that found by Bryant
{1981) in subarctic habitats, and did not affect the acceptance of
plant species by browsing ungulates. In the Karoo sheep exerted a
positive selection for ether-extractable materials (Louw et. al.
1967). Ether dissolves out both cesins and fatty acids. In
temparate and boreal ecosystems resins predominate in the extract
{Bryant & Kuropat 1988), especially in the extracts Efrom
unpalatable species (Bryant pers. comm), but no detailed analysis
has been made of the proportions of the different comstituents in

ether-extracts from wmore tropical vegetation,

4, Toxins

No selection against low molecular weight terpenoids was evident
in this study, Studies in North kserica indicate that deer do
select against these compounds (Schwartz et. al, 198fa & b). The
“essential oils" inhibit digestion by causing a decline in the
rumen microfloral population (Oh et. al. 1967, 1968, 197¢, Radwan
1972, wWegy et, al, 1964, Schwartz et. al, 1988), but not all
egsential oils are inhibitory. Monoterpene alcohols cause a

greater reduction in microbe nw. - than the esters, or
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sesquiterpenes {Oh et. al. 1967, Schwartz et. al. 1988).

Saponins are triterpenes, In this study species of woody
plants with high levels of foaming activity indicative of saponins
were often of low acceptance, Generally saponins have not been
reported as having much effect on ruminants, other than being the
cause of “bloat” by certaln pasture legumes {Applebaum & Birk
1979).

The presence of alkaloids in plants did not affect species
selection by the browsing ungulates at Nylsvley. aikaloids are
generally avoided by grazing animals {Arnold & Dudzinski 1978,
Simons & Marten 1971) but not by browsers (Hladick 1977, Oates et.

al, 198¢, White & Trudell 198¢).

Although no specific avoidance of the major groups of toxins
was observed it may be that the generaiised diet of large
herbivores is a technique to avoid the ingestion of deleterious

amounts of any one toxin (Westoby 1974).

5. Animal Factors Affecting the Response to Plant Chemistey

i. Browser or Grazer

Rudus are specialist browsers eating little grass. They displayed

a much clearer pattern of diet selection i relation to plant

chemistey than did either of the mixed grazer-browsers. This may

be partly due to sample size as the impalas especlally ate very
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little browse when green grass was available, or it may be that
mixed feeders are not as dependant upon browse for all their food

requirements, so are somewhat less selective,

It is also possible that species like impalas may be eating
browse in the wet season to supplement only cectain nutritional

requirements.

ii, Body Size

Although the kudus showed the mwse learcut selection against
highly fibrous leaves, in fact the smaller animals were probably
exerting even stronger selection by selecting against stems.
Animals of a small bod, size require a more concentrated diet,
high in nutrients and low in f£ibre, than do larger animals, due to
their higher metabolic rate and small rumen size (Bell 1971,
Jarman 1974). Impalas are smaller than kudus but of similar size
to goats, vyet the goats showed only weak selection against fibre
and often ate shoots. The goats were alsc slightly less selective
against digestion-reducing condensed tannins than the other animal

species.

1ii. Supplementary feeding

Each night the goats received a small supplement of antelope cubes

to entice them into their predator-proof overnight shed. This

supplementacy feeding possibly reduced the selectivity of the
goats, Sinclair et. al. (1984) found that supplementsry feeding

) ~ et
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decreased the selectivity of hares against digestion-reducing
compounds, while only the intensity of feeding and not the
preference of mile deer was altered by extra rations (Bartman et.

al, 1982).

iv, Sensitivity to Toxins : Browser or Grazer

There was little difference in the plant species preference of the
kudus and impalas, noc presumably in thelr ability to cope with
plant secondary compounds either through detoxification or
avoidance. This suggests that there is little diffierence between
the ability of browsers and mixed-feeders to cope with plant
defence chemicals. The ability to detoxify chemicals is probably
an effect of experience, as the mixed function oxidase enzymes for

detoxification are readily inducible (Brattsen 1979).

v. Detection of Toxins : Alien or Indigenous Animals

Unlike the indigenous unimal species the domestic goats failed to

avoid poisonous plants including Kalanchoe species, Asclepias

species, and the lethally toxic woody geophyte pichapetaium
cymosum. The less poisoncus plants were eaten in the growing
season but Dichapetalum gyposup was only eaten by the goats in the
late dry season when it put out a green flush of new leaves when
little other green food was available. These new leaves ace

by monofl a very effective heart peison. A

similar situation exists in Western Australia where plants of the

genera Gastrolobjum and Qxylobium also contain monoflucroacetate.
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These plants are not eaten by kang~ioos and other indigenous
animals but cause severe stock los.es to sheep farmers (Arnold &
Hill 1972}, Thus it appears that alien animals are at a 8 3

disadvantage in areas where highly polsoncus plants exist,

7.5, SUMMARY OF RESULTS

i, Plant species selection is only weakly celated to nutrient e
concentrations in the plants, Selection was strongest for

protein and magnesium,

ii, In some plants the advantages of high nutrient

concentrations were ovecridden by the presence of plant

secondary compounds. Y

iii., Selection for nutrients was further relaxed under conditions

of low food avallability.

iv. Selection against fibre takes the form of selection against

stems rather than agalnst fibrous leaves, The fibre
compenents avolded most strongly were NDF and ADF for which
there was evidence of a threshhold effect at 35 - 4% dcy

weight in the growing season. Within these fibre fractions

ADL was the component most clearly avoided by the animals.

Ve Digestion-reducing condensed tannins eXert a clear deterrent

effect once the threshhold of 5% dry weight is exceeded,
Condensed tannins act by inhibiting microbal degradation of
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viii.
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cellulose and thus limit the supply of eneryy to ruminants

via microblal fermentation of cellulose in the rumen,

Enzyme-inhibiting  polyphenols do not deter feeding by
browsing ungulates, neither do ether-extractable resins at

the amounts found in savanna vegetation,

The praesence of toxic plant secondary cowpounds did not
deter the animals from feeding, but may be responsible for

the generalised diet of large herbivores.

Plant species selection in relation to plant chemistry was
more cleaccut for the kudus, as pure browsers, than For the

impalas and goats which also eat grass.

There was no difference in the ability of Indigenous
browsers (kudus) and preferential grazers (impalas) to cope

with plant toxins.

The alien goats failed to avold the few highly poisonous
plant species which were never seen to be eaten by the

indigenous impalas and kudus.




CHAPTER 8.
FINAL DISCUSSION

8.1. The Chemical and Structural Basis of Food Selection by

Browsing Ungulates

A, Nutrients

In models of optimal foraging behaviour protein and digestible
energy are usually considered to be the nutrients most likely to
be limiting to the animals (Pyke et. al. 1977). Large herbivores
are constrained by the rate at which they can process the large
bulk of low gquality food necessary for an adequate intake of
nutrients (Westoby 1974).

Gwen-Smith & Novellle (1982}, in their clever-ungulate model,
defined a large generalist herbivore as a short-term maximiser for
nutrient intake, Protein was assumed to be the target nutrient as
it is generally assumed that African ungulates are protein-limited
{Bell 1971, Sinclair 1975). However, the outcome of the model

indicated that digestible energy was more likely to be limiting.

i, Woody Plants

At Nylsviey nitrogen (protein) concentrations in woody plant

leaves were significantly correlated with acceptance to kudus in

e e
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the early growing season. In the late growing season and early dry
season the plant species favoured by the kudus were of
significantly higher protein concentration than the non-preferred
group of plant species. In the late dry s=zason,when the favoured
deciduous browse plants had shed most of their leaves,the kudus
ate more of the low protein, evergreen specles, For impalas and
goats leaves of the favoured woody plant species were only of
significantly greater protein concentration than those of
non-preferred plants in the late growing season,
)

The concentration of all macronutrients were covariant in the
leaves but the correlation of plant species acceptance by browsing
ungulates was stronger with protein than with the associated

nutrients,

Belovsky (1978) suggested that herbivores may select different
plants to meet different requirements i.e. one plant may be
selected to meet protein vequirements and another to meet mineral
oc energy requirements. This idea was not supported by this study
as the variation in the proportions of different nutrients within

the plants was not great.

i1, Forbs

As for woody plants the nutrient concentrations in forbs covaried.
The acceptance of forl species by browsing ungulates was not
significantly correlated to the concentration of protein or

minerals in whole forbs. The concentration of nutrients In forbs




was generally Somewhat higher than that of woody plants.

B, Fibre

The rate of digestion of plant Eibre influences the turnover time
of the rumen contents, and ultimately the ingestion rate of food
(van goest 1982). The Cfermentation of plant cell walls is a
camparatively slow pcocess, If an animal is to maximise its intake
of nutrients from & £ixed bulk of food it should select plants of
low fibre content. Evidence for such selection at the species
level is equivocal. Leaf-eating primates generally select leaves
of low Eibre content (Milton 1379, Cates et. al, 1986, Glander
1981), but boreal herbivores show little selection against £ibrous

plants {Klein 1978, Kuropat and Bryant 1988).

i. Woody plants

In this study, for the kudus at least, there was evidence of 2
threshhold effact in the growing season, whereby plants containing
in excess of 3% ~ 4¢% NDF or ADF in the leaves tended to be of low
acceptance, In the dry season the goats showed no selectlon for
plant species low in fibre, but the species favourad by the kudus
and impalas were of significantly lower NDF content than that of
the non-preferrad plants, Of the major components of cell wall
fibre ADL was the most clearly negatively related to plant Species

acceptance,

In general smaller animals have a higher metabolic rate than

{
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larger animals and are less twlerant of fibre in the diet (Bell
1971). Yet the impalas and goats appeared to show weaker selection
againgt fibre than did the larger-bodied kudus. Selection against
fibre possibly operates most strongly at the level of plant~part
selection rather than species selection. On the whole the
variation in the fibre content is less between the leaves of
different species than it is bebween leaves and stems of the same
species. In all the woody plant species analysed the hardened
stems were more fibrous, and usually more lignified than the
leaves, The kudus ate mainly shoots, includirg stems, but the
impalas selected leaves and ate very little skem material. The
goats fed on both single leaves and shoots, By their selection of
leaves the two smaller animal species avnided the ingestion of the

most Eibrous plant material,

For some plants such as Q. pulchra and B. africana the

deposition of £ibre in the leaves is initially very rapid. Leaves
of these species tended to be saten only {n the immature phase
while stiil of low fibre content. Thus phenological selection may

also be due to the avoidance of fibre.

ii. Forbs

Many of the favoured forb species were of high fibre content, Yet
as for woody plants the impalas,and to a lesser extent the goats,
tended to bite the leaves off the stems whenever the growth form
of the plant allowed, thus avoiding the ingestion of Fibrous stem

tissue.

u.u_,Mﬂ,ww‘,,ﬁ_.ﬁm_'__girh;,,Mu,




C. Ratio of Metabolic Constituents to Steuctural Carbohydrates

Plant tissues consist of structural carbohydrates which form the
cell walls and eytoplasmic contents including proteins and soluble
carbohydrates. Bell (1971) suggested that the ratio of the
metabolic constituents (m) to structural cackohydrates (c) was a

useful indication of vegetation quality as food for herbivores,

i, Woody Plants

In this study the m/c ratio was not significantly correlated to
the acceptance of woody plant species by ungulates, {Late growing
season n = 13, kudus r = 8.176, impalas ¢ = 0.425, goats r =
$.222). Dicotyledonous plants, unlike the grasses studied by Bell
(1971}, contain cot only metabolites and structural carbohydrates
but also plant secondary compounds, which in the case of tannins
may comprise a large proportion of the dry weight of the plant,
Tanning are assoclated both with the cytoplasm (hydrolyzable
tannins) and with the cell walls (condensed tannins ), (Zucker

1983).

11, Pocbs

The Eorb species did not contain high levels of tannins but do
contain other secondary chemicals, particularly toxins, As for the
woody plants the acceptance of forbs by browsing ungulates was not

correlated to the m/c ratio (Late growing season n = 18, Kudus r =

]
B
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@.577, iwpalas r = ~@.177, goats ¢ = -@.239}.

D, bDigtstion-Reducing Compounds

a. Tanning

i, Woedy Plants

In this study plants with leaves containing more than 5% dry
welght of condensed tannins {proanthocyanidins), celative to a
Sorghum III tannin standard, were gen.rally of low acceptance.
Total polyphenols on the other hand appeared to have little effect

apon plant species selection.

Condensed tannins generally seem to have a greater deterrent
effect upon mammalian herbivores than hydrolyzible tannins
{included in total polypbenols). This has been attributed to the
stronger in vitre protein-binding ability of condensed tannins

{McLeod 1978, Waterman 198d).

In this study polyphenols were not measured by the more usual
Folin-Denis procedure but by the Jerumanis wethod (Jerumanis
18721, a ixhnigue used by brewers as it correlates mere strongly
with the enzyme-inhibition properties of polyphenols than most
other techniques (Daiber 1975).

plants other than 1,  sericea which contained high

concentrations of condenged tannins had fairly low levels of

- o -




enzyme~intibition activity., This suggests that within the plants

condensed tannins do not have a strong protein binding capacity.

Zucker {1983} proposed that hydrolysable tannins function to
inactivate digestive enzywes, but condensed tannins bind with the
cellulose of cell walls, thereby protecting the cells against
micsobial attack. Ruminants are dependent upon the microbial
degradation ©of cellulose Ffor much of their energy requirements
{Van Soest 1982). Thus the presence of high levels of condensed
tannins in the plant tissues may restrict the microbial
fetmentation of cellulose in the rumen, and so limit the amount of

energy that the he:.bivore can obtain from the plant tissues.

ii. Forbs

Forbs generally contained low concentrdtions of polyphenols
relative to the amount found in woody plants. The acceptance of
forb species by ungulates was not related to the concentrationg of

enzyme-inhibiting polyphenols in whola plants.

b. Ether-Extractable Compounds

Ether-extractable resins have been found to be very important

detercents to vertebrate herbivores in boreal plants (Bryant &

Kuropat 198¢, Bryant 1981).




i. Woody Plants

The quantity of ethecr-extractable compounds in savanna plants was
far la3s than that cecorded from boreal plants, and appeared to

have no effect upon plant species selection by browsing ungulates.

ii. Forbs

Quantities of ether-extractable compounds present in forbs were
similar to those in woody plants, but had no discernable effect

upon plant species selection by kudus, impalas or goats.

E. Toxins

Browse plants contain a diverse array of secondary compounds some
of which ace potentially texic te ungulates. These substances may
either interfere with the metabolic processes of the herbivore, or
affect digestive processes by their action upon the rumen

microfiora.

Many potentially toxic substances are degraded by the mixed
function oxidase systems common to most forms of life (Schuster
1964, Brattsen 1979). Ruminants and animals with a symbiotic
microbial population in the foregut are thought to gain additional
protection by detoxification of msmy compouris by the mic ~flora {

Foose 1982).

7
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The mixed function oxidase system can only cope with small
quantities of a variety of toxins., Thus Freeland and Janzen (1974}
proposed that herbivores should select their diet in order to

minimise the ingestion of large quantities of any one toxin.

i, Woody plants

The herbivores at Nylsvley ate a wide variety of woody plant
species but little selection against plants containing terpenoids,
or alkalolds was detected. Only those plants exhibiting a high
degree of foaming activity in solution, indicative of saponins,
wete often of low acceptance to kudus, impalas and goats. The only
woody species known to be avoided due to the presence of toxins in
the leaves was the poiscnous woody geophyte Dicapetalum cymosum,
This plant contains a lethal toxin monofluoroacetate and was never

seen to be eaten by the kudus and impalas,

ii. Forbs

Alkaloids appeared to be more abundant in forbs than in woody
plants. Saponins and terpenoids were also common. No avoidance of
plants c¢ontaining alkaloids was evident except for a few species

containing specific potent forms, for example the Kalanchoe

species which contain a neur ar  toxin “coty n."
Similarly the impalas and kudus were not Seen to eat Nidorella
resedifolia which also contains a potent alkaloid. The Ascleplas
species containing cardlac glycosides were also not eaten. No

selection against plant: containing terpenes oc saponins was

B
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evident.

Thus herbivores appear to be deterved from feeding only by a
few highly potent toxins. This partiaily agrees with Freeland and
Janzen's {1974} hypothesis that large herbivores should select

foods of low sescondary compound content,

Freeland and Janzen (1974) also proposed that the generalised
diet of large herbivores was a mechanism for avoiding the
ingestion of too much of any one compound. This study agrees with
this theory beiter than the idea of Westoby (1978) that large
herbivores eat a wide variety of plant species in order to obtain
a balanced intake of nutrients, as the celative concentrations of
nutrients in the plants at Nylsviey were fairly similar in most
species, Also the rumen microflora synthesise amino-acids and
vitamins B and K (vVan Soest 1982), so freeirg the ruminant from

the need to £ind an external source of these compounds.

P. BEfects of Plant Strustural Defences

It is hard to visualige large thorns and spines on plants as being
defensive against any other class of herbivores except the
vertebrates, Brown (1968) proposed that these structures deter
browsing by herbivorous mammals to some extent but should not be
expected to provide absolute protection to the plant as animals

may have counter-adapted to their presence.
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i, Woody Plants

The thorns of the Acacia species and spines of Dichrostachys
cinerea restrict the bite size of the animals to single leaves or
small leaf clusters between the thorns or spines. The rate of food
intake achieved by the kudus when feeding on these armeq specles
was no greater than that of the impalas and goats, being less than
1 g/min f£rom A. nilotica and A, tortilis and approximately 2 g/min
from the larger leaved D. cinerea. Yet when feeding upon unarmed
species the intake rate of the kudus averaged 7.5 + 3.1 g/min,more
than double that of the impalas and goats. Thus it would appear
that the presence of thorns or spines have a greater effect upon
the rate of food intake achieved by the kudus than by the impalas

and goats.

The 1mpalas favoured the Acacia species and D. cinerea. They

are narrow muzzled animals rarmally eating single leaves at a
rapid biting rate even from unarmed species, The intake rate of
the goats is similar to that of the impalas but goats eat more
shoots and have slower biting rate. BExperimental removal of thorns
showed that while the presence of thorns restricted the intake
rate from the small leaved Acacias, the spines of D. cinerea had
little effect on the intake rate of goats due to the larger leaves

of this species. Guats favoured D, c¢inerea but had a slightly

lower acceptance of the Agacia species. The kudus also had a high
acceptance of D, cinersa even though thelr rate of intake f£rom
this specles was significantly less than that from unarmed plant

species. The Acacias were of slightly lower acceptance to kudus

ar - st




8-12

than was D. cinerea.

These thorny and spiny plants are probably favoured, despite
the restricted bite size, because they are rich in protein and low
in f£ibre and condensed tannins, therefore offering a concentrated
source of nbtrients. The actual rate of intake of nutrients is
greater from the unarmed, large leaved species, but for a given
quantity of nutrient injested the amount of diluting fibre and

secondary compounds is proportionally much greater.

The evergreen species §., pungens bears structural detercents
in the form of sharp spines at the tip of each leaf, S. ens
was a favoured dry season food plant, especially for the kudus
which bit off large shoots despite the stiff spiky leaves, The
impalas also were relatively unaffected by the spines as they bit
off single leaves in rapid succession, The goats appeared to be
more deterred by the leaf spines. Thev seemed o find difficulty
in pulling off single leaves with their prehensile lips. They ate
mainly swall shoots at a slow rate and achieved a poor intzke
rate, The Impalas and kudus favoured S, pungens over the unarmed
evergreen B, natalensis despite the sharp spines, 5. pungens has a

slightly higher nitrogen content than E. patalensis and is equally

£ibrous. The main difference in the chemlstry of these two
everyreens is thar E. natalensig is rich in condensed tannins
while the armed specles is free of these deterrent compoundsz, The

goats, however, favoured E. natalensis over §. pungens. This

behaviour was probably due to the scarcity of the latter species

in their home range and the low intake rate they achieved when

a
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freding on this species.

i1, Porbs

Pew _Jorb species had thocns oc spines. The Solanun species had
small, hooked stem spines possibly more effective against crawling
insects than large herbivores which bit off the relatively large
leaves without becoming caught by the thorns. The Asparaqus
species “eaves and sharp hooked thoens, These did appeac
to dete uerbivores. The impalas and goats nibbled at the
filamentous leaves, but the kudus only eat the soft, new shoots

before the thorns had hardened.

Thus it seems that as proposed by Brown (196@) structural
deterrents are not an absolute defence against browsing by large
herbivores. However, they do offer a measure of protection to the
plant by restricting the rate of loss of leaf tissue to large

herbivores,

G. The Effect of Abundance on Plant Species Selection

The staple plant species in the diet of a hecbivore are not
necessarily the most preferred plants (Petrides 1975). Often
animals favour rare plan“s rather than the most abundant species
(Mortin 1974, MoKey et, al. 1989, Oates ek, al. 1986, Glander

1981, Pellew 1982).
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i. Woody Plants

The acceptance of woody plants by browsing ungulates at Nylsviey
was not correlated to the abundance of available browse material.
Neither were the rare specles favoured when ever they were
encountered. Rare species, like the common species, showed a

variety of acceptance values to browsing ungulates.

The dominant woody plants of the Burkea Savanna, B. africsna,
Q. pulchra and T. sericea (Rutherford 1982} were not favoured by
browsing ungulates, but in the Acacia savanna the dominant trees
were generally of high acceptance to browsers. The staple dietacy
species D. cinecea and G. flavescens were both locally abundant

of hign acceptance value, Neither these species or the Acacia

species were of high condensed tannin content. and all were rich
in protain. The dominant plants of the Burkea savana were, in

contrast, high in condensed tannins and low In nutrients.

ii. Forbs

No data was available on the abundance of forbs over the study
period. The abundance of individual species of forbs wag markelly
different in the fwy years of the study, Porbs other than the few
high poisonous species are probably eaten in relation to thelr
abundance as found for caribou in Alaska (Trudell and White 1981).
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H. A Multivariate Approach to Plant Species Selection

Browse plants fall into groups of distinct patterns of acceptance
to browsers. The favoured plants are those such as G. Elavescens
which are of high acceptance to the animals at all times. Included
in this group are species like C. molle which are of somewhat
ower acceptance but ace the Eirst to be of increased acceptance
as the availability of the favoured species declines In the early
dry seagon, On the other side are the nompreferred species. These
include plants of low acceptance to browsecs for most of the yeac.
Some like P. africanum may never be eaten in quantity, while
others, such as E, patalensis are eaten only In the late dry

geason when the availability of browse is very low.

No single plant factor can be used to predict which plant
species will e eaten by browsing ungulates and which will not.
Generally plants rich in protein were favoured, with the exception

of D. cotundifolia which also contains high levels of condensed

tannins, Plant species of high condensed tannin content were of
Jow acceptance to browsing ungulates, but so were several other
species containing little tannins. plant species selection
poseibly involves a trade off between fgood® and ‘*bad’ plant
factors, Multivariate analysls was used to determine whether plant
species selection was governed by a composite set of plant factors

(see appendix 9 for wethods).
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H. A Multivariate Approach to Plant Species Selection

Browse plants fall into groups of distinct patterns of

to browsers, The Favoured plants are thoge such as G, flavescens
which are of high acceptance to the animals at all times. Included
in this group are species like C. molle which are of somewhat
lower acceptance but ace the first to be of increased acceptance
as the availability of the favoured species declines in the early
dry season. On the other side are the non-prefecred species. These
include plants of low ecceptance to browsers for most of the year.
Some 1ike Pp. africanum may never be eaten in quantity, while
others, such as f£. natalensis are eaten only in the late ¢y

season when the availability ¢f browse ig very low.

No simgle plant factor can be used to predict which plant
species will be eaten by browsing ungulates and which will not.
Generally plants rich in protein were favoured, with the exception
of D. rotundilolia which also contains high levels of condensed
tannins. Plant species of high condensed tannin content were of

low to g ulates, but so were several other

species containing little tannins. Plant species selection
possibly involves a trade off bLetween ‘'good' and ‘bad’ plant
Eactors, Multivaciate analysis was used to determine whether plant
species selection was governed by a composite set of plant factors

{see appendix 9 for methods).
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i. selectlon of vioody Plants

a. Diseriminant Function Analysis

The woody plant species were c¢lassified into a priori groups.
‘preferred’ plants were those of high acveptance or of moderate
acceptance but eaten increasingly in the early dry season.
*Nor-preferred® plants were those of consistently low acceptance
to the browsing ungulates and species eaten only in the late dry

season when food availability was at a minimum,

Firstly a stepwise discriminant analysis of the chemical
measures was run to identify the most significant variables im
mature leaves of woody plants. These were nitrogen, calcium,
potassium, ADL, NDF -~ ADF and condensed tannin (Table 8,1.}, with

condenged tannin being the single mest significant variable.

The chemistry of the mature gyreen leaves of the plants in
these two preference groups was then compared by discriminant
function analysls which identifies the linear combination of
chemnical measures that best differentiates betwsen the two groups

of plants.

A two factor discrimipant function model based on protein and
condensed  tannin  explained 59% of the variation Dbetween
tpreferredt  and  ‘non-preferred' plant species (Table 8,2.).

S.pungens was classified along with the preferred group by this

&
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Table 8.1, Stepwise Discriminent Analysis of the Chemical
Content of Mature Leaves of Woody Plants

1
significance Canonical
Nutrients Prob>F r2 .
Protein .83 * 2.33
Calcium 9.04 * 9.3¢
Potassim 008 * 0.24 )
Sodium 9.19 8.14
Magnesium 6.28 2.18
Water . 9.53 @.93
Phosphorus .62 a.02

Nor-Nutrients

Condensed Tannin 0,086 * 8.51 v

l
Neutral Detergent Fibre minus .87 * a4.27 i

Acid petergent Fibre

Acid Detergent Lignin .87 * .26

Ether—extlr‘acr. 8.2 3,34 :
Enzyme-inhibiting Polyphenols  8.46 0.85
2cid Detergent Fibre minus B.61 .02 :

Acid Detergent Lignin H

* gignificant -
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Table 8.2, Discriminant Punction Analyses of Preferrsd and Non-prefacred Woody Plant Species

Chemscal Variables Canontcal probye
2
1. Merogen ang Condensed Tannin 0.59 e.e00

2. Nitcogen and Enzyme-inbibiting Polyphenls  B.34 @.008

3. Mitrogen, Condensed Tamnin and Neucral 0.66  a.m8
Detacgent. Fibre

4. Nicrogen, Condenses T <ty and Acld 060 22
Detergant Fibre

5. Nitrogen, Condensed Tamnin and Acid 8,59 8.825

Dezargent Fibre minus Ash
Nitgogen, Condensed Tannin and Acid .59 2.026

Aci4 Detergent Lignin
7. Mitrogen wa R vsl fovergent Fibre .53 e.024

6. Nitrogen and Actd Detergent Pibre 646 093

4. Nitcogen and ACid Detergent Fibre minus Ash  8.39 .64

Witcogen and Acid Detergent: Lignin 8.33 6.811

11. Calcfum and Condensed Tannin 8.57 .00

Hisclassified Spactes

Strychnos pungens
Buckea afeicana
Rhus leptodictya
Vitex cehnannif
tone

Strychnos pungens

strychnos pungens

suckea africans
Cowbretin molle
Donbeya rotunlifolia
conbiretum olle
Dombeya rotundifolia
Vitex cebmsnntt
Cosbretim molle
Dorbeyn rotunitfolta
Vitex cetmannit
Burkea atricany

Vitex cepmannil

Dichrostachys cinerea
Peleophsran atcicanan

Strychnos pungens
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model (Fig. 8.1.). It is an evergreen of high fibre content but
contains no condensed tannins. A discriminant models including the
major fibre fractions WDF or ADF classified S. pungens more
correctly but otherwise was little improvement upon the model of
protein and condensed tannin only (Pig 8.2.). Although 5. pungens
was of low acceptance in the late growing season it was of similar
acceptance to C. molle for the rest of the year. Thus is really

intermediate between the 'preferred® and ‘non-preferced’ groups.

Discriminant function models using only protein and fibre
measures, or condensed tannins with nutrients othsr than protein,
were less successful in classifying the plants according to their
acceptance by browsing ungulates (Table 8.2.). Plots of the actual
late growing season acceptance values Ffor woody plant species
against the canonical coefficients showed that plants fell ints
distinct groups (fig 8,1.). On the high protein, low condensed
tannins side the preferred group of species divided into those of
high acceptance whenever they were available, and those
species of low to iniermediate acceptance in the growing season
but being v first of the dry seasor; reserve species to be of
increased a.oepcance when the availability of the more favoured

species declines, The latter group consisted of the two

species with low condensed tapnin contents, and C. molle which
although low in condensed tannins is of rather low protein
content, The acceptance of Acacia species varied, for impalas
Acacias were of high acceptance, the goats had a rather lowec
acceptance of these plants possibly due to the restrictive effect

of the thorns on food intake by goats. A low encounter rate with
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Acacia trees confounded the picture for kudus. A. nilotiza was of
low acceptance in this study, but Eavoured in the following year
(Cooper & Owen—Smith 1984). MNon—preferred species also divided
into two groups; the high condensed tannin, low protein group and
a second group consisting of two species of intermediate condensed
tannin content with low protein contents plus one plant of high

protein and high condensed tannin conten:.

The intake rate achieved from plant species influences the
rate of ingestion of nutrients and non-nutritive compounds,
Discriminant function models using rate of ingestion of compounds
rather than leaf concentrations were only a slight improvement
upon previous models (Table 8.3.). For the protein and condensed
tannin model the separation between preferred and non-preferred
plants was slightly clearer when using rates of intake rather than
leaf concentrations (Fig 8.3.). A more significant increase in
variance explained was in the model based on the intake rate of
protein, condensed tannin and ADF, but the separation between
preferced and non~preferred plants was little clearer than that
achieved by the model "excluding ADF. Thus it appears that the
animals distinguish between good food plants and non-preferred
plants on the basis of simultaneous rates of ingestion of

condensed tannins, protein z_md to a lesser extent fibre,

Discriminant function analysis requires that the variables, in
this case chewical components, be independent of one another.

Concentrations of nitrogen and condensed tannins were not
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Table 8.3. Discriminant Function Analyses of Preferred end Non-preferced Woody Plant Species

based oD rates of Intake of Cheacal Compounds by Brawsing ngulates.

Chemical variables {Rate of Intake}

1. Rudus.

Nitrogen and Condensed Tapnin Intske
15, Impalas

Nitrogen and Cordensed Tapnin Intake
113, Goats

Nitrogen and Cordensed Tannin Intake
1. Rudus

Nitrogen, Condensed Tannin and Acid

Dezecgent Pibre Intake

1. Inpelas

Nitrogen, Condensed Tannin and Acid

Detergent Fibre Intake

111, Goats

Nitcogen, Condensed Tannin and Acid

Detergent Plbce Intake

Cangnfcal Prot>P

0.008

0.605

0.508

8,904

2,811

B.017

wisclassifled Species

Steyohnos pangens

Strychnos pangens

Steychms pungens

Steychnos pungens

Steyohans pangens

Strychnos pungenis
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intercorrelated {Fig 8.4.), but the relationship between NDF and
condensed tannins was strong (fig 8,5,). It has been suggested
that condensed tannins are associated with hemicellulose, but the
correlation with ADF was only slightly weaker than that with NDF {
n =14, r = 0.563*%, excluding 8. pungens r = §,659%), Thus in the
discriminant model the inclusion of fibre is possibly exaggerating
the effect of the condensed tannins, That condensed tannins are
associated with cell wall fibre is further supported by the fact
that concentrations of the other category of tannins, which have
mainly an ensyme-inhibitory action, are ne. correlated to NDF

contents,

D. Principal Components Analysis

Principal components analysis was used to determine the wain
source of between specles variability 1In chemical factors in
mature leaves of woody plants, with no a priorl classification

being imposed on the data.

The €first axis of the principal components analysis accounted
for 34% of the between species variation, Factor loadings were
strongly negative for ADL, ADF - ADL and condensed tannins and
strongly positive for protein and minerals all of which are
covariant. Enzyme inhibiting po*. - .."s and ether-extractable
compounds  were of little 1 . in the First axis but

dominated the second axis (Table

Thus principal component analysis indicated that the major
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difference between woody plant species lies 1 the proportions of
cell wall to cell contents. A plot of the Erctor scares for each
plant reveals that plants divide roughly into two groups on the
basis of the first axls i{.e, ADF and condensed tannin to
nutrients, but not on the basis of the second axis (Fig 8.6.).
These groupings are similar to the preferred and non-prefecred

groups of plants used in the discriminant funetion analysis.

plants differ mainly in their concentrations of ADF,
especially the ADL fraction, and condensed tannins in relation to
the concentrations of nutrients, particularly cations. Animals
select plants on a simllar basis but are wore sensitive to
condensed tannins than ADL and to proteln rather than cations,
therefaore there was no correlation between acceptance values and
factor scores (Kudus r = (.873, impalas r = 0.263, goats r =
.419).

The major component of ADF affecting food selechion by
browsing ungulates was ADL. Both condensed tannin and lignin are
polyphenols derived from the shikimir acid pathway (Haslam 1974}
and both act to restcict the degradativa »f cell wall cellulose by
microbes  {swaln 1979, Zucker 18"}, Ruminants are largely
dependent upon the microblal digestim of cellulose for their
energy requirements (Van Soest 19'). Thus the presence of high
concentrations of condensed tanniy and lignin may restelct the
energy supply the ruminant can oktain from the plant tissues as

both act te limit cell wall digestion.
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Table 8.4, Principal Components Anal;sis of the Chemical

Components of Mature Leaves of Woody Plants

Chemical Components

% Variance

Acid Devergent Lignin
Condensed Tannin

Acid petergent Fibre minus
Acid Detergent Lignin
Enzyme-inhibiting Polyphenols
Neutral Detergent Fibre minus
Acid Detergent Fibre
Ether-extract

protein

Magnesium

Sodium

Phosphorus

Water .

Calcium

Potassium

First Auis
34
-8.62 *
-2.4%
-0.3%

-8.17
-8.81

~8.23
B.64
6.66
.67
.67
8.68
8.77
8.88 *

Second Axis
17
2,51
0.64
~£.24

A [ T- A

R Ry o

i
i
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ii. Forbs

a, biscriminant Function Analysis

Forb species, other than a few highly poisonous plants, cannot be
clearly classified into preferred and non-preferred groups. This
is due to the effects of small size, patchy distribution and
differences in abundance between the two years over wnich this
study was run. The 10 common forbs were tentatively placed into
two preference r7roups, preferrad plants being those of high
acceptance tc at least one of the animal species during the
growing season. However, stepwise discriminant analysis did not
identify any chemical factors significantly different in
concentration between the two groups of forbs (Table 8.5).
similarly no significant discriminant function model could be
found {Table B.6.). This suggests there was no real chemical
difference between forbs which are of high acceptance to some
browsing ungulate species in the growing season and those which

were not favoured,

b. Principal Components Analysis

The Ffirst axis in principal components analysis accounted for 47%
of the variation between forb species.The plants were separated
out by cell wall components, especially ADL, versus nutrients
(Table 8.7.). This division is very similar to the first axis of

the principal components analysis of woody plants.

®




L Nutrients
i Phosphorus
=7 Magnesium
#s) Caleium
Potassium
Water

Sodium

Protein

Non-Nutrients

Ether-extract

Acid Detergent Fibre minus
Acid Detergent Lignin
Enzyme~inhibiting Polyphenols

Acid Detergent Lignin

Neutral Detergent Fibre minus

L Acid petergent Fibre

* Significant at 95%

Content of Whole Forbs

Significance
Prob>F
@.21
©.22
.41

0.34
a.38

8.49
0.70

9.99

Canenical

.11
8.18

8.06

0.92

.00

o
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Table 8.5. Stepwise Discriminant Analysis of the Chemical

P
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Table 8.7. Principal Components Analysis of the Chemical

Components of Whole Forbs

Chemical Components First Axis Second Axis
% variance 47 17
Acid Detergent Lignin ~B.92 * -3.19
Ether—extract ~@.58 -0.35
Neutral Detergent Fibre minus ~f.41 -8.13

Acid Detergent Fibre
Acid petavgent Fibre minus ~B.32 2.69

Acid Detergent Lignin

Enzyme-inhibiting Polyphenols SOLET 2.81 *
Phosphorus P -0.54 *
Water 8.64 8.85
Protein .68 -0.50
Potassium 8.85 8.68
Sodium 2.88 8.26
Magnesium 8.92 .22

Caleium .94 * 8.e7




Key
.

: A Favoured

A Non-preferred
« ASO
n
E . - ATF/HG ASt
% ° am 2%po
§ AOH AJF
- =1
:4
by
g
&
5 -2
aw
-3
-2 - [ 1 2 3

Principal. Components Axis 1

Fig 8.7. Principal Component Analysis of Forb Species According to the Concentrations of Chemical Components

in the Flowering Plants,

P “r i o

PiZ-8




8~22

Regression of factor scores against plant species acceptance
showed that for impalas and goats acceptance was not correlated to
proparctions of cell wall and nutrients in whole forbs (impalas r =
~8.293, goats ¢ = -0.208, n = 10), but these animals often eat the
leaves off the stems rather than whole plants, Kudus tend to eat
shoots or bite off whole forbs. For these animals acceptance was
significantly correlated to the first factor scores in principal
components analysis (r = 0.755% n =1¢) suggesting that the
proportion of ADL to nutrients in forbs was of importance to
species selection by the kudus, The 'stemmy’ forb species tended
to be of rather low acceptance to kudus. However, the correlation
was significant only due to the high acceptance of J, flava (r =
9.315, excluding J. flava) which is of low ADL and very high

nutrient content,

I. Summary of the Chemical and Structural Basis of Species

Selection by Browsing Ungulates.

i, Woody plant species which were of high acceptance to browsing
ungulates were rich in protein and low in condensed tannin,

and to & lesser extent ADL,

ii, There was evidence of a threshhold effect for condensed
Vtannins. Plants containing in excess of 5% dry weight of
condensed tannins in the leaves were generally of low
acceptance to browsing ungulates regardless of the protein

content,

v



iii.

vi.

vi.

vii,

Condensed tannins, like lignins, are thought to be associated
with plant cell wall cellulose and act to inhibit the
degradation of cellulose by microbes. Ruminants are dependent
upon the microbial fermentation of cellulose for much of
their energy supply. Thus condensed tannins may limit the
amount of energy the ruainant can obtain from the plant

tissues.

Neither yme-inhibiting polyphenols, eth actable fats
and resing nor the wajor classes of toxic secondary compounds

deter browsing ungulates from feeding on plants.

The presence of thorns or spines reduced the rate of food
intake much more for the kudus than for the impalas and

goats,

Bcacia species offering a source of concentrated nutrients,
but with a very low potential intake rate, were less favoured
by the kudus and goats than unammed plants, such as G,
flavescens which have leaves of similar nutrient

concentration,

For the impalas, which are selective leaf feeders with a
rapid biting rate, the presence of thorns and spines did not

affect plant species selection.

The selection of forb species by browsing ungulates was not

related to any chemical factor measuced.




8.2. Factors of Animal Behaviour Influencing Food Selection.

A. True Browsers Versus Mixed Grazer-Browsers

Kudus are true browsers in that they obtain most of their
nutritional requirements from dicotyledonous plants. Impalas and
goats eat both grass and browse, thus are classified as
mixed-feeders. In this study the impalas were preferential grazers
of green grass in the growing season, using browse mainly in the

dry season.

Since secondary chemicals are generally more common in browse
than in grass it may be expected that true browsers would be more
tolerant of these substances than animals which also eat grass.
Laycock (1978) cites many examples of domestic grazing livestock
being poisoned by plants seen to be eaten by the indigenous

browsing fauna.

At Nylsvley there was little difference in the plant species
selection of kudus, impalas and goats. The range of plant species
seen to be eaten by the impalas was only slightly less than that
of the kudus even though in the growing season the impalas ate
very little browse. The goats ate some species not eaten by the
kudus. This [ddicates that true browsers are no more tolerant of

the secondary chemicals in browse than are mixed grazee-browsers.





































































































































































































































































































































































































