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Abstract

In sacco dry matter degradability (DMD) of the most common-
ly consumed range forages by llamas and sheep in the arid high-
lands of Bolivia was measured during the wet and dry seasons to
determine if llamas exhibit a higher digestive ability than sheep.
Results showed that degradability of low quality forages (DMD
below 60% in sheep) was 20 to 30% higher for llamas than
sheep, while no significant differences were found for highly
digestible forages. There was a high correlation between DMD in
llamas and sheep with a coefficient of determination of 0.96.
Parameters of degradation curves indicated that lamas did not
have higher microbial activity than sheep, since there was no
consistent difference in degradation rates of the studied forages.
Nonetheless, significantly higher potential degradability and
effective degradability found in this study suggested that the
longer retention time in the forestomach of llamas may be
responsible for higher digestibility of poor quality forages.
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Andean livestock herding systems frequently include both
camelids and sheep, which are grazed together (Browman 1990,
Tichit 1995). In the arid highlands of Bolivia, the association of
llamas and sheep, and sometimes alpacas, has been characterized
by Tichit and Genin 1997. Climatic conditions (annual rainfall of
300 mm and almost 300 days of frost per year) hinder agriculture
and other livestock species like cattle and horses, which are pre-
sent in more favourable Andean environments such as the sub-
humid Peruvian altiplano. The relative proportion of camelids
within herds depends largely upon the nature of available forage
resources and the overall size of the farms. Other factors such as
particular historical transformations of communities, economic
opportunities and socio-cultural patterns. also influence herd
structure. From an ecophysiological point of view, mixed herds
of Ilamas and sheep allow for better utilization of the overall
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Resiimen

Se midio la degradabilidad in sacco (DMD) en llamas y ovinos
de la materia seca de los principales forrajes nativos del altiplano
arido de Bolivia, con el fin de comparar las capacidades digesti-
vas de estas dos especies animales. Los resultados muestran que
la DMD de los forrajes de baja calidad (DMD inferior a 60% en
ovines) es mayor en un 20 a 30% en llamas respecto a ovinos,
mientras que no se observaron diferencieas significativas en el
caso de forrajes altamente digeribles. Se encontré una alta cor-
relacién en las DMD entre llamas y ovinos (r’=0.96). Los
parametros de las curvas de degradacién sugieren que las llamas
no presentaron una actividad microbiana superior a la de los
ovinos proque no hubo diferencias significativas en las tasas de
degradacion de los forrajes estudiados entre estas dos especies
animales. Sin embargo, los valores significativamente superiores
en la degradabilidad potencial y la degradabilidad efectiva
encontrados en llamas indican que la superioridad de estos
camélidos para digerir los forrajes de baja calidad se debe en
primer lugar a un mayor tiempo de retencion del alimento en el
rumen.

available forage due to different grazing behavior (Pfister et al.
1989, San Martin 1987). In the arid highlands of Bolivia, Genin
et al. (1994) showed that llamas consume significantly higher
proportions of the dominant coarse bunchgrasses such as Festuca
orthophylla Pilger and Stipa ichu (R & P.) Kunth than sheep.
Sheep seek more of the fine herbaceous plants growing under the
shrub canopies. Though shrub foliage is abundant in these range-
lands (Alzerreca and Lara 1988), shrubs represent less than 20%
of the dietary components of both llama and sheep.

Studies concerning the ability of these animal species to digest
forage have been reviewed by San Martin and Bryant (1989) and
Dulphy et al. (1994). They reported high discrepancies in diges-
tion coefficients. These authors attribute these discrepancies to
animal selectivity not taken into account in some experiments and
to the quality of feed used. San Martin (1987) observed signifi-
cantly greater digestion coefficients for llamas than sheep on low
and medivm quality reconstituted diets (less than 10% CP and
less than 2.8 Mcal DE/kg DM) but did not find differences in
high quality diets (15% CP and 3.2 Mcal DE/kg DM). In the
Andean pastoral zone, animals graze exclusively on native range
plants. Very few studies have emphasized the digestibility of
range forages actually consumed by llamas and sheep in this
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region. Concerning the dominant coarse bunchgrasses of the
Andean rangelands, Maiza and Cardozo (1992) reported a diges-
tion coefficient for dry matter of S. ichu almost 20% greater in
llamas than in sheep. Genin et al. (1994) found digestion coeffi-
cients of F. orthophylla significantly higher in llamas (54.2 and
41.3% during wet and dry seasons, respectively) than in sheep
(41.4 and 39.4% during wet and dry seasons, respectively). No
data are available concerning other classes of forages consumed
by llamas and sheep in this area.

The purpose of this study was to compare in sacco dry matter
degradability during wet and dry seasons and the kinetics of
rumen degradation of range forages in llamas and sheep in the
arid puna of Bolivia in order to determine if llamas can utilize
more efficiently the dominant rangelands of this region.

Material and Methods

In Sacco Dry Matter Degradation

Three coarse bunchgrass species (F. orthophylla, F.
dolichophylla Presl., S. ichu), 3 fine grass species (Calamagrostis
heterophylla (Wedd.) Pilger, Poa candamoana Pilger, Distichlis
humilis Phil.), 4 shrubs (Adesmia spinosissima Meyen & Vogel,
Tetraglochin cristatum (Britton) Rothn, Parastrephia lepidophyl-
la (Wedd.) Cabera, Baccharis incarum Wedd.) and 1 forb
(Tarasa tenella (Cav.) Krapovickas), representing the most com-
monly consumed forages in the arid highlands of Bolivia (Genin
et al 1994, Villca and Genin 1995), were collected during the wet
(February) and dry (August) seasons. Parts of the plants normally
selected by livestock were dried, and ground to pass a 2-mm
Wiley mill screen. Samples of approximately 2 g were placed in
10 X 15 cm nylon bags (50 um mesh) for determining ir sacco
dry matter degradability (DMD), as described by Orskov et al.
(1980). Six bags of each forage from each season were suspended
in the rumen of 2 animals of each species for 48 hours, according
to Michalet-Doreau et al. (1987). The experimental animals were
four-year-old male llamas weighing 95 kg and two-year-old cas-
trated sheep weighing 28 kg with rumen fistulas. They received
ad libitum barley hay which fulfilled their nutritional require-
ments. Following removal from the rumen, bags were rinsed with
water until effluent was clear, and frozen for storage. After dry-
ing the bags at 65°C for 48 hours, DMD was calculated as weight
loss of material. Analyses of variance (6 repetitions X 2
animals/species) was performed to compare, by forage and by
season, the differences in degradability between llama and sheep.
Simple linear regression was used to describe the relationship
between degradability of forages in sheep and llamas.

Degradation Kinetics

Six forage species representing the 3 types of forages con-
sumed by animals (coarse bunchgrasses F. orthophylia and F.
dolichophylia; fine grass C. heterophyila; forb T. tenella; and
shrubs A. spinosissima and P. lepidophylla) were collected in
February (wet season). Six samples of each of these forages were
incubated for 4, 8, 12, 24, 48, and 72 hours in rumens of 1lamas
and sheep, using the procedures described above. Soluble dry
matter losses (DMD at time 0) other than those due to microbial
and enzymatic degradation were measured by placing a sample
bag in water bath for 24 hours (Silva and Orskov 1988). The
model by Orskov and McDonald (1979) was used in kinetics
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measurements to determine the plateau value of the different sub-
strates and their rates of degradation:

p=a+b (1 -exp(-ct)

where: p is the actual degradation after time t; a is the soluble frac-
tion assumed to disappear instantly (intercept of the degradation at
time zero); b is the insoluble but potential degradable component
of the feed; and c is the rate constant at which b is degraded.

Effective degradability (ED) was calculated assuming particu-
late passage rates of poor quality forages of 3.1 and 4.1%/hour
for llamas and sheep, respectively (San Martin 1987), and the for-
mula by Orskov and McDonald (1979):

ED = a=(b(c/(c+k)))

where: a, b, and ¢ were the constants from Eq. 1 and k was the
particulate passage rate. The calculation for the DM degradation
parameters was executed using the SAS program Proc NLIN
(SAS, 1988).

Results and Discussion

In Sacco DMD

The in sacco dry matter digestibility (DMD) after 48 hours of
incubation was higher in llama than in sheep for most forages,
with differences varying from 1.1 to 13.7 degradability units
(Table 1). Degradability values in llamas were approximately
1.25, 1.1, and 1.05 times those found in sheep for coarse bunch-
grasses, forbs and fine grasses, and shrubs, respectively. The less
degradable the forage, the greater was the difference between the
2 animal species. Significant differences were generally found for
forages with DMD of roughly less than 60% in sheep. In the case
of the Compositae shrubs P. lepidophylla and B. incarum, DMD
values were very high and should be considered with caution
because they may reflect high pulverization during milling with
subsequent losses during washing.

There was a high correlation between DMD in llamas and sheep
with a coefficient of determination > of 0.96 (p < 0.01) (Fig. 1).
Kayouli et al. (1991) compared degradability of mediterranean
roughages in dromedary camels and sheep and found similar trends.

100
Y = 11.4 + 0.89 (sheep DMD)
801 pn=21 rt= 0.96
g 704
g
[
< 50
ke]
O 401
=
(] 304
20.
10
0 To 2 3 40 S0 6 70 8 90 100

DMD for sheep (%)

Fig. 1. Relationship between in sacco dry matter degradability in
sheep and llamas.
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Table 1. Percentage in sacco dry matter degradability after 48 hours in llamas and sheep (Mean t S.E.) of dominant Andean range forages collected

during wet and dry seasons.
Classes and growing period dry period
Forage species llama sheep llama sheep
---------------------------------- (%) === mmmmmm e
Coarse grasses b b
Festuca orthophylla 52.8+52" 39.1+3.2 405+ 15" 353+19
Stipa ichu 434 +44° 403 £4.3° 366+ 1.9° 257+39°
F. dolichophylia 65.7+ 8" 55.0 £ 0.6° 50.5+7.0* 499 +43*
Fine grasses and forb
Calamagrostis heierophylla 66.2 2.0 62.2+4.7° 41.614.5° 352+1.1°
Poa candamoana 67.1+4.2" 582+23° 583 £4.2° 526+ 44°
Distichlis humilis 87575 81.1x25" 648+2.1° 63.0+19*
Tarasa tenella 89.7+1.3* 88.0 £ 0.4* -— —
Shrubs
Adesmia spinosissima 59.8 47" 53.9£3.4° 59.2 40" 60.7 + 1.5*
Tetraglochin cristatum 67218 61.4£27° 60.2 +3.8° 519+3.3°
Parastrephia lepidophylla 788 +8.2° 71.7+£3.6* 82.319.6° 806117
Baccharis incarum 84.8 +8.7" 81.9+5.5" 91.5+1.6° 88.1 x2.0°

*byithin period, means with different letters are different between animal species (P<0.01).

These authors reported differences in in sacco DMD between
camels and sheep of more than 10 vnits for forage with a degrad-
ability of less than 50% in sheep, while there was little difference in
degradability for high quality forages such as green ryegrass or
ensiled sugar beet pulp. Cordesse et al. (1992) did not find any dif-
ferences in digestibility between llamas and sheep utilizing lucerne
hay and ammoniated wheat straw.

Degradation Kinetics

The degradation equation proposed by Oskov and McDonald
(1979) provided a good fit of the data with coefficients of deter-
mination higher than 0.98 (Fig. 2, Table 2). This suggests that
degradation patterns of forages proposed by these authors for
ruminants are also relevant for pseudo-ruminants such as llamas.

The potential degradability (the factor a + b of the model) was
significantly higher in llamas than in sheep for C. heterophyila
and F. orthophylla (P < 0.01) and A. spinosissima (P < 0.05). No
differences were found for highly degradable forages (Table 2).

In contrast, degradation rates (factor c¢) varied between llamas
and sheep with no clearly defined pattern (Table 2). Values of ¢
varied from less than 0.03% hour for coarse bunchgrasses to
more than 0.15% hour™ for the highly digestible T. fenella in both

llamas and sheep. Degradation rates of coarse bunchgrasses were
comparable to those of wheat straw found in sheep and goats,
while degradation rates of 7. renella were superior to those of
ryegrass (Flachowsky and Tiroke 1993). Degradation rates of
shrubs were intermediate (0.05 to 0.08% hour™).

These results suggest the importance of the transit time of the
feed. Blaxter (1963) stated that maximal digestion occurs only if
the passage of food is delayed so that the food is exposed to those
sites where microbial action takes place. San Martin (1987),
studying passage rates in llamas and sheep, found digesta reten-
tion time of low and medium quality rations in the first 2 com-
partments of the stomach of llamas of 29 hours (see San Martin
and Bryant (1989) for a full description of the digestive system in
South American camelids), whereas the retention time in the
reticulo-rumen of sheep was 22 hours. On the basis of San
Martin’s estimates of particulate passage rate in the rumen (3.1
and 4.1% hour for low quality diets in llama and sheep, respec-
tively), effective degradability of the studied forages was almost
30% higher in llamas than in sheep for forages of low degradabil-
ity and less than 10% for highly degradable forages. In this study,
the estimated effective degradability of F. orthophylla in the
rumen conformed to 62 and 67% of the apparent digestibility
found in vivo in llamas and sheep, respectively (Genin et al.

Table 2. Parameters of degradation curves (DMD=a + b(1-(exp(-ct)), Orskov and McDonald 1979) of forages collected during growing season.

Iy | 2 - 1re. 3
Forage species Sheep Llamas Sheep Llamas Sheep Llamas
e (%) --- ---- (% hour) - - - - e (%) ----

Festuca orthophylla 47.4% 714 0.025*‘b 0.013° 27.6: 335"

F. dolichophylla 81.3" 83.9* 0.015 0.024 38.8 493

Calamagrostis heterophylla 58.2° 63.3 0.024° 0.075* 32.5° 493

Tarasa tenella 88.6* 90.9* 0.107* 0.144° 70.6° 773"
Shrubs

Adesmia spinosissima 61.1° 65.8° 0.067° 0.048° 387" 485"

Parastrephia lepidophylla 79.5* 84.6° 0.079" 0.054° 60.7° 62.3*
;l];:tznﬁal degradability = a + b; a = soluble fraction b = insoluble but p ial degradable

gradation rate = ¢

flective degradability = a + (b(c/(c+k)) where k is passage rate (3.1 and 4/1% hour for llamas and sheep, respectively).
* For each parameter, means followed by the same letter are not different between animal species (P<0.05).
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Fig. 2. Degradation curves of predominant Andean forages in llamas (dotted lines and triangles) and sheep (solid lines and squares). Values fitted to
the equation Y = a + b(1 - exp(- ct)) proposed by Orskov and McDonald (1979). Each symbel is the mean of 6 replicates.

1994). These proportions agree with those noted by Jarrige
(1980) for forages of low digestibility (55 to 70% of the overall
digestible OM effectively digested in the ramen). San Martin and
Bryant (1989) suggested that longer retention time in rumen,
associated with the peculiar morphology, histology and a higher
motility of the forestomach confers a greater digestive efficiency
of South American camelids, especially for low quality
roughages. The enhanced ability to degrade low nitrogen feeds in
llamas is also related to their capacity to maintain higher NH4+
concentrations in their forestomach compared to sheep (Hinderer
and Engelhardt 1975., Engelhardt and Schneider 1977). Further,
Kayouli et al. (1993) showed a greater cellulolytic activity of the
ruminal microbes in llamas than in sheep. However, further stud-
ies are required in which these mechanisms can be investigated
simultaneously.

Conclusions

Due to their feeding behavior (Genin et al. 1994) and higher
digestive capabilities resulting from slower transit time for partic-
ulate matter, llamas exhibited a greater adaptation than sheep to
utilize the poor quality rangelands found in the arid Andean high-
lands, especially those dominated by coarse bunchgrasses which
cover extensive areas of the region. Degradability coefficients for
low quality Andean range forages found in this study were 20 to
30% high in llamas than in sheep. Although llamas may be more
efficient grazers, sheep present some advantages such as a higher
reproductive rate and a more ready market for their meat (Tichit
1995). These aspects could strongly influence the choice of herd
composition in unpredictable environments (Mace and Houston
1989). At the farm level, llamas and sheep play complementary
roles in the use of the available resources, in the products they
supply, and in their capability to respond to household’s needs.
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Raising these 2 species of livestock, combined in some cases with
alpacas, is viewed as a sound strategy to spread different kinds of
risks (i.e. drought, disease outbreaks, animal off-take in relation
to reproductive capacities, and market price fluctuations).
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