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Forage quality thresholds for Saiga antelope
in a semi-desert rangeland

Boris D. Abaturov & Andrey E. Subbotin’

ABSTRACT: Levels of digestibility and protein content necessary for maintenance, weight gain and
lactation were estimated for Saiga antelope (Saiga tatarica). Estimates were based on results of digestion-
balance trials using confined animals, and feeding trials involving tractable animals at pasture. Threshold
parameters were estimated by regression of metabolizable energy intake and body weight gain, food
digestibility and metabolic energy intake, protein content in food and the amount of consumed digestible
protein. To meet maintenance requirements, food digestibility must be > 59%, with protein content > 7.7%.
To meet requirements for growth and lactation, minimum digestibility must be 61-68%, with protein
content > 14%. When feeding on native semi-desert range, free-ranging Saiga antelope can meet these
nutritional thresholds only through selective foraging. Therefore, when evaluating grazing capacity of
Saiga habitat it is important to take into consideration that only a small portion of the total plant biomass is
comprised of plants and plant parts of sufficient quality.
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KpVITVI‘-IeCKVIe YPOBHM Ka4vecCcTBa KOpMOB Yy caurakos
Ha eCTeCTBEHHOM nacTtouue B nonynycrtbiHe

b.0. A6atypos, A.E. Cy660TuH

PE3IOME: OmpeneneHs! ypoBHU NEPEBAPUMOCTH M COACPIKAHUSA MPOTEHHA, HEOOXOANMBIC TS MOACP-
JKaHMSI JKU3HEJESITEeIbHOCTH, pocTa M JIaKTalMM y calrakoB (Saiga tatarica). OLEHKM OCHOBAHBI Ha
pe3ynbraTax 0ajaHCOBBIX ONBITOB C HCIIOJIb30BAHHEM KJIETOYHBIX JXMBOTHBIX W OMNBITOB IO MUTAHUIO
MPUPYUYCHHBIX XKUBOTHBIX Ha mactoumie. Kputmaeckue mapamMeTpsl ONpeaeICHbl PerpeCCHOHHBIM aHAH-
30M COOTHOIICHHUS KOJMYECTBA MOTIIONICHHON 0OMEHHOM YHEPTUH U MTPHUBECca Tea, IePEeBaPIMOCTH KOpMa
1 KOJIMYECTBa OOMEHHOM YHEPTUH, COJePKAHUS MPOTEHHA B KOPME M KOJTMYECTBA MOTPEOICHHOTO TIepeBa-
pumoro mporeuna. s obecrieueHus MOAACPKAHUS KUZHEACATEIBHOCTH TEPEBAPUMOCTh JOJDKHA CO-
CTaBJATh = 59%, comepikanue mpotenHa > 7,7%. iy obecrieueHus: pocTa U JaKTallMd MUHUMAaJIbHAsI
nepeBapruMocThb cocTaBisieT 61-68% mpu conepkannu nporenna = 14%. IIpu morpebGneHnn KOPMOB Ha
€CTECTBEHHOM IOJIYITyCTHIHHOM HacTOWIE cBOOOTHONACYIMMHUCS calirakaMy JJaHHbIE KOPMOBBIE Iapa-
METPBI MOTYT OBITh OOCCIIEUCHBI TOJIBKO M30MPATEIHHOCTHIO MUTAHUA. BCIeNCTBHE 3TOTO MpPH OICHKE
MacTOMIIHON €MKOCTH MECTOOOMTAHWH CalrakoB KpaiHe Ba)KHO YUHUTHIBATh, YTO TOJIBKO Majas IO
001Iel pacTUTENBHOCTH MAacChl BKJIIOYAET B ce0s pacTEHUS M WX YACTH, 00Jaaronire HeoOXOIUMbIM
KOPMOBBIM Kau€CTBOM.

KJIFOUEBBIE CJIOBA: kputnueckue ypoBHH, TPEOOBaHMUS K MOJIEPKAHUIO )KU3HEICSATEINBHOCTH, Saiga
tatarica, BeC Tena, MOTPEOJICHNE SHEPTHH, COACP)KaHNE TIPOTEHHA, Ka4eCTBO KOpMa, KOpMoBasi u30upa-
TEJIHOCTb.

Introduction 1982; Eisfeld, 1985; Abaturov & Magomedov, 1988;
Owen-Smith & Cooper, 1989; Abaturov et al., 1996;

The tendency of ruminant herbivores to choose the ~ Cook et al., 1996; Sinclair et al., 2006). Data show that
more nutritious foods available to them is a widely free ranging herbivorous mammals are fairly sensitive
known phenomenon. Even when food is abundant, it  to changes in nutritional value of their plant food,
may not satisfy nutritional needs of animals if its quality ~ especially with respect to its digestibility and protein
is low (Bell, 1971; Robbins, 1983; Berry & Louw, content (Eisfeld, 1974, 1985; Mould & Robbins, 1981;
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Sinclair et al., 1982; Arnold, 1985; Regelin et al.,
1987; Jiang & Hudson, 1992; Cook, 1996). Neverthe-
less, the nutritional ecology of many wild ruminants
remains poorly understood. Precise knowledge of for-
age availability, and especially its quality, is crucial for
understanding mechanisms of animal distribution, move-
ments, and forage use patterns, as well as reproductive
performance of animals in free-ranging populations.
Among Eurasian species, Saiga antelope (Saiga tatari-
ca L.) are susceptible to nutritional deprivation based
on their body allometry and productivity of their native
habitats (Abaturov ef al., 1998). Here we present anal-
yses of qualitative parameters, including forage digest-
ibility and protein content that are relevant to assessing
the suitability of habitats to support Saiga antelope.
Conservation of Saiga antelope populations and proac-
tive management of the species’ habitat requires explic-
it knowledge of their nutritional requirements (Abatur-
ov, 2007). In this paper we investigate nutritional thresh-
olds, which managers can use to evaluate the suitabili-
ty, or carrying capacity, of various semi-desert habitats
in terms of their ability to meet the nutritional needs of
this herbivore.

Study area

We analyzed the data obtained in the field research-
es conducted in 1978-1980; 1995-1996, and 2002—
2004 at the Dzhanybek Biological Field Station of the
Institute of Forest Science, Russian Academy of Sci-
ences. The Station located in the Northern Precaspian
depression on the Russia-Kazakhstan administrative
border. The study area occupies a contemporary range
of Saiga antelope and represents typical clay semi-
desert landscape with a complex of three-component
soil and vegetation cover (Gordeeva & Larin, 1965;
Bol’shakov & Bazykina, 1974; Abaturov ef al., 1998).
Thus the territory includes desert, semi-desert and steppe
plant communities. The deserted communities occupy
the basic portion of plain, with a total 28 plant species
among which Kochia prostrata, Poa bulbosa, Tulipa
gesneriana, Leimus ramosus, Artemisia pauciflora,
Salsola laricina predominate. Semi-desert communi-
ties include 40 species. Key dominants here are Agro-
pyron desertorum, Tanacetum achilleifolium, Galatel-
la villosa, G. tatarica, Limonium sareptanum, Tulipa
biebersteiniana, T. biflora. Steppe associations include
80 species of vascular plants with a key predominance
of Stipa capillata, S. Lessingiana, Festuca valesiaca,
Agropyron cristatum, alfalfa Medicago falcate, Gali-
um verum and others steppe species.

Material and methods

The groups of 2 to 6 tractable Saiga antelopes have
been trialed in these studies. We used these animals to
examine the nutritional ecology of Saiga via two ap-
proaches. The first approach involved direct estimates
of nutrition relations using traditional digestion-bal-

ance trials during which the animals were fed rations of
known composition while held captive in balance cages
libitum (Fig. 1). The second approach was based on
using fecal bags on free-ranging animals on native
pasture (Fig. 1). The 3 animals were permanently em-
ployed in 13 digestion-balance trials of 6 different
diets. The 2 animals were employed in 9 grazing trials
in 4 differing habitats and all of the year-round seasons.
Detailed descriptions of research methods were provid-
ed in the previous publications (Abaturov ef al., 1982,
1997, 2003).

Digestion-Balance Trials

Studies in digestive-balance cages allowed us to
estimate daily food consumption and digestibility of
different diets of known botanical and chemical com-
positions. These diets were comprised of Kochia pros-
trata, Agropyron species (sowing), a combination of
forbs that are common on areas frequented by saiga in
May and July, leaves of elm (Ulmus pumila), mix of
grasses and dried alfalfa with ground barley grain. In
the course of each experiment animals were periodical-
ly weighed to record any changes in their body weight.
Each trial lasted 5-11 days, with an additional prelimi-
nary period of 2—-3 days to allow for animal adaptation
to each new diet. Animals were fed ad libitum. Non-fed
forage and feces were gathered and dried at 90'N to
constant weight.

Grazing Trials

Grazing trials were conducted during different sea-
sonal periods to reflect changes in plant phenology:
early spring, when the first sprouts of plants appear
(April 12-17); late spring, when ephemerous and
ephemeroid plants desiccate (end of May); early sum-
mer, when vegetation is at its maximum development
(June 19-25); mid-summer, when the majority of steppe
gramineous plants and forbs desiccate (July 20-30);
late summer, when active growth of the predominant
plant species (Chenopodiaceae, Euphorbiaceae, Legu-
minosae) proceeds (August—September); autumn, when
nearly all plant growth has ended (end of September);
and in winter, when only senescent plant biomass was
available (December 5-10). Prior to each grazing trial
the experimental animals were allowed to adapt to the
experimental pastures over a period of 3—5 days. Each
grazing trial lasted 4-6 days, during which the experi-
mental animals were observed at pasture continuously
and permanently, and each 10 minutes the type of their
activity (grazing, rest laying, walking) has been regis-
tered.

The number of animals observed in each separate
trial, varied from 1 to 2. During each observation peri-
od, the experimental animal was tethered but allowed to
graze freely within the experimental area of 1130 m?in
size. The ranging area has been rotated to exclude
overgrazing for 3—4 times a day.

Botanical composition of grazed diets was deter-
mined by visual counts of the number of experimental
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Figure 1. Trials of nutritional ecology of tame Saiga antelopes: A — in balance cages, B — free-grazing in native pasture with
fecal bags.
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animals bites took from each plant species. Bite counts
were conducted during the entire ranging period from a
distance of 2-3 m (Fig. 1). Botanical composition of
diet was calculated on the proportion of total bites
attributed to each species.

In the course of each grazing trial animals were
weighed daily at the same time of day.

Estimation of Intake and Dietary Quality

Daily food consumption (C, g/animal, dry matter)
was calculated as
Fx100/ (100 — D), where
F is the daily portion of feces (g/animal, dry matter),
and D is the coefficient of dry matter digestibility (%).
Daily amount of feces was determined using fecal bags.
We inferred digestibility of saiga diets from the ratio
between the concentration of inert substances in food
and in feces (Gallup et al., 1945; Streeter, 1969), using
Organogenic Silica and also lignin in plant matter as the
inert indicators. Concentration of the inert substantes in
a diet was calculated taking into account a share of each
plant species consumed in the diet and the content of
inert substantes in them. The digestibility of dry matter
(D, %) and separate nutrients (D’, %) were calculated as
D=(1-v/f)x100; D> =100 - (100 x v/fx a/d), where
v and fare silica and lignin concentration in food and in
feces respectively, and @ and b are investigated nutri-
ents concentration in feces and in food, respectively.
Silicon and lignin excreted in feces of saiga antelope
comprises 97.4-99.5% of the total silicon consumed
with forage and 93.0-98.3 of the total lignin consumed
(Abaturov et al., 1997). We analyzed organogenic sili-
con with acid hydrolyses using HNO,, which excludes
silicon in plant food that originates from soil and dust
(Kolesnikov & Abaturov, 1997). Chemical composi-
tion of nutrients in forage plants and feces was deter-
mined by standard methods (Instruction for zonal agro-
chemical laboratories analysis of forage and plants)
(Anon., 1968).

Energy value of food was estimated by multiplying
the amount of different nutritional components by their
energy equivalent: protein — 18.9 kJ, lipids — 39.0;
carbohydrates — 17.6. To convert digestible energy
into metabolic energy we used a conversion coefficient
of 0.87 (McDonald et al., 1969; Kaloshnikov & Kle-
imenov, 1985).

In this study we defined the metabolic energy re-
quirement for maintenance to include energy expendi-
ture in resting and grazing activities at zero weight
balance (i.e., maintenance of energy equilibrium of free
existence) was estimated by regression analyses of dai-
ly metabolic energy intake (kJ/kgBW?®7°) on daily weight
gain of an animal (g/kgBW®7). Digestibility parame-
ters for different energy needs (grazing activity, weight
gain, lactation) were estimated by regression analyses
of daily consumption of metabolic energy (kJ/kgBW®7%)
on digestibility of forage dry matter (DMD%).

Minimum nitrogen requirements for maintenance
were calculated as the sum of fecal metabolic nitrogen

and endogenous urinary nitrogen. Metabolic fecal ni-
trogen was calculated by regression of dietary protein
content (%) on the amount of apparent digestible pro-
tein in the consumed forage (g/100g of forage, after
Robbins, 1983). Endogenous urinary nitrogen was as-
sumed equal to 0.12g/kgBW%7 (Agricultural Research
Council, 1965; Eisfeld, 1974; Robbins et al., 1974,
Robbins, 1983; Schwartz et al., 1987). Protein require-
ments for growth and lactation of saiga antelope were
assumed equal to those of domestic sheep (Agricultural
Research Council, 1965; MacDonald et al., 1969).
Threshold levels of protein concentration in forage
were estimated by linear regression of daily intake of
digestible protein (g/kgBW?®7) on dietary protein con-
tent (%).

Results

Botanical Composition of Diets

The composition of diet in traditional digestion-
balance trials (in balance cages) as it was noted above,
consisted of separate plant species (Kochia prostrata,
sown Agropyron, leaves of elm), barley grain and their
mixtures. In grazing trials free-ranging animals have
actively chosen the most nutritious plants and their
parts in all cases. Despite of the rich vegetation diversi-
ty of the grazing areas (more than 100 plant species) the
composition of the diet in all cases and different sea-
sons included only several species particularly Kochia
prostrata (up to 60% of a diet), alfalfa (up to 28%), the
Galatella villosa, and G. tatarica (up to 25%). In early
spring these were sprouts of tulip (Tulipa spp.) (88%);
in early summer in steppe associations these were Po-
tentilla bifurca (67%); and in late summer — Artemisia
austriaca (58%). Proportion of other species of forbs
was less and did not exceed 10%. It is important to note,
that gramineous plants in all grazing trials were practi-
cally absent in a diet (Abaturov ef al., 1998, 2005).

Chemical Composition of Diets

In the digestion-balance trials, sown Agropyron,
barley grain, and elm leaves had the highest nutritional
value, while Kochia and hay were of lower quality
(Tab. 1). Protein and energy content were greatest in
the sown Agropyron. Crude fiber was lowest in barley
and similarly low in the elm leaves. Ash was lowest in
the barley ration. Crude fat was greatest in elm leaves.

In contrast to the nutrient differences observed
among rations fed in the digestion-balance trials, appar-
ent nutrient quality of diets observed during the grazing
trials (Tab. 1). The highest protein content was record-
ed in the early spring grazing trial (18.4%), when ani-
mals foraged primarily on sprouts of tulip (Tab. 1).
Digestibility varied substantially among diets, from 50%
(Kochia) to 75-77% (forbs and grain mix, spring forbs
shoots in case of free grazing) (Tab. 2).

Intake of Dry Matter and Energy
Intake of dry matter and energy varied considerably
among diets and seasons (Tab. 2). Daily intake of dry
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Table 1. Chemical composition of saiga consumed forage (% of dry matter).

Type of food Date Crude Crude Crude |FE Crude Energy
protein lipids fibre ash (kl/g)
Crashed barley grain — 16.7 2.10 4.5 72.6 4.07 16.88
Alfalfa hay - 12.5 3.09 27.6 46.9 9.14 16.84
Kochia prostrata May 11.3 1.19 24.5 54.0 8.70 16.47
Sown Agropyron May 21.1 3.37 24.1 51.4 10.5 19.00
(juvenile greens)
Leaves of elm August 12.8 5.22 8.4 68.3 13.7 17.35
(Ulmus pumila)
April 12-17 18.4 2.70 27.1 46.8 4.84 17.53
May 26-29 14.8 2.80 29.6 46.4 6.20 17.29
June 2-6 14.3 2.70 29.8 46.0 5.64 17.37
June 21-26 14.2 2.77 32.1 45.1 5.76 17.35
Green herb in diet July 27-30 12.6 2.60 30.5 46.9 7.42 17.04
August 3-6 12.0 2.60 29.50 48.65 7.16 17.06
August 28-31 12.7 2.54 32.9 45.7 6.16 17.22
September 21-27 13.3 2.69 33.6 43.8 6.67 17.19
December 1-4 134 2.59 30.1 48.0 6.03 17.29

matter in summer ranged from 45g/kg (BW)*7 in the
case of sown Agropyron, up to 117g/kg (BW)*7 in the
case of grain mixed with grass or hay in cage trials or in
the case of forbs in grazing trials. It should be noted that
low consumption of sown Agropyron occurred despite
high digestibility of this forage (64—66%). Agropyron
was not dried prior to feeding and thus contained high
moisture content (up to 80%). The high moisture con-
tent in consumed forage contributed to gut fill, and to
low dry matter consumption (Abaturov et al., 1982). In
summer, daily metabolic energy intake varied from 470
kJ/kg (BW)*7 in the case of Kochia in the cage trials, to
1270 kJ/kg (BW)"7 in the case of forbs in the grazing
trials. In winter, daily intake of forage dry matter and
metabolic energy were considerably lower than in sum-
mer (as low as 42.3 g/kg (BW)*” and 380 kJ/kg
(BW)0'75).

Food Digestibility as an Indicator of Sufficient
Energy Intake

To estimate maintenance energy expenditures and
energy costs of weight gain, we analyzed the relation-
ship between metabolic energy intake (y) and the amount
of weight gain (x). Regression analyses showed that
relationship between these two parameters is practical-
ly identical for confined and free-ranging animals, sug-
gesting that animal activity and overall energy expendi-
ture in the digestion-balance cages were fairly similar
to those in the grazing trials that were conducted at
pasture. Thus, the correlation between the amounts of
daily metabolic energy intake and weight gain of ani-
mals can be presented in the form of regression equa-
tion y = 10.46 + 719.1 (Fig. 2). According to the
equation, saiga maintenance energy requirements at
zero balance level in summer on the pasture equals 719
+34.2 kJ/kg (BW)*7. In winter, the slope of this relation
is considerably lower: based on data from three winter
experiments (in cages and on the pasture) it equals ap-

proximately 500 kJ/kg (BW)*" (Tab. 2). In a review by
Hudson and Christopherson (1985) estimates of mainte-
nance energy at rest for 5 species (Odocoileus hemionus,
Capreoulus capreolus, Cervus elaphus, Alces alces,
Rangifer tarnadus and Antilocapra americana) varied
in adult individuals from 523-655 kJ/kg(BW)*7 in sum-
mer to 476-597 kJ/kg(BW)*” in winter. In case of
Saiga antelope, setting the adjustment for foraging ac-
tivity that varied between 1.18 and 1.24 (Abaturov et
al., 1998), expenditures of saigas for maintenance ener-
gy at rest appear to make close figures: 594 kJ/kg (BW)
in the summer and 413 kJ/kg (BW) in the winter.
Thus, according to our experimental data, saiga’s
daily metabolic energy expenditure for maintenance at
zero body weight balance, which reflects maintenance
energy requirements of grazing animal, equals 0.72 MJ/
kg (BW)*” during the warm season and 0.50 MJ/kg
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Figure 2. Relationship (y = bx + a) between daily metabolic
energy intake (kJ/kg®” body weight) and daily live weight
gain (g/kg’body weight) of saiga based on data from exper-
iments in warm season with animals in balance cages (/) and
free ranging animals (2). Std. Error: a = 34.17, b = 1.70. P-
level < 0.00001.
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Table 2. Experimental nutrition parameters and weight gain of caged and free-ranging saiga antelope.

Forage Date Sex Body Weight Dige- Daily intake
composition weight gain, sti- Dry matter Metabolic
kg g/ bility, | g/ani- | g/kg energy, kJ/
animal/ % mal BW’7 kgBW" "
day
Warm time of the year
Steppe herbs and 5/13-19 Male 34.2 164 75 1280 90.8 1118
barley grain* 7/7-15 Male 34.7 250 68 1505 105.2 1046
Alfalfa hay and 8/1-6 Female 224 150 64 843 81.8 767
barley grain* 5/6-12 Male 32.8 229 73 993 72.4 962
9/19-26 Male 394 —42.8 70 1253 79.8 853
9/19-26 Female 322 0 68 952 70.4 797
Steppe herbs* 7/18-24 Male 32.0 - 54 1165 86.6 822
Sown Agropyron* 5/12-20 Male 28.8 —102 64 637 51.4 611
5/12-20 Female 25.5 =73 66 511 45.2 537
Kochia prostrata™ 6/13-18 Male 29.9 -14 53 1037 81.0 685
6/1-7 Female 26.8 -80 52 744 63.0 470
6/4-9 Female 23.0 —138 49 700 66.7 472
Elm leaves* 8/10-15 Female 27.3 0 57 948 79.7 839
Green herb in diet 4/12-17 Female 20.0 - 77 986 104.2 1270
(free grazing)** 5/26-29 Male 32.0 166 59 1060 78.8 704
6/2-6 Male 35.0 562 68 1398 97.2 993
6/21-24 Female 22.3 530 73 1054 102.7 1179
7/27-30 Male 36.0 —262 51 796 54.2 409
8/3-6 Male 41.0 150 56 1901 117.3 948
8/28-31 Female 26.4 250 68 1207 104.1 1099
9/1-27 Female 20.5 80 57 854 89.0 822
Cold time of the year
Crashed barley and | 1/25-31 Male 36.3 4.8 71 702 47.4 504
alfa alfa hay* 3/4-8 Male 34.5 20 71 699 49.2 521
Steppe herbs ** 12/1-4 Female 27.2 —100 56 503 423 380

*Feeding in balance cages
** Grazing on natural range

(BW)"7 in winter. Based on regression equation show-
ing relation between saiga weight gain and metabolic
energy intake (Fig. 2) an animal uses 10.46 + 1.70 kJ of
metabolic energy per 1 gram of body weight gain in
addition to energy expenditure for maintenance. It is
important to mention that this value is different for
saiga compared to other species. Thus for American elk
(Cervus elaphus) it varies from 26 to 55 kJ/g depending
on sex and season. It is lower than 16 kJ/g only for
calves (Simpson et al., 1978; Fennessy et al., 1981;
Suttie et al., 1987, Jiang & Hudson 1992).

In wild populations of saiga, weight gain has been
recorded only during the warm season (Bannikov et al.,
1961; Abaturov et al., 1982). During five warm months
(May through September), a yearling animal gains on
the average 10 kg, i.e. about 65 g/individual daily (6g/
kg(BW)"7). Based on the equation in Fig. 2, cumula-
tive energy expenditure (for maintenance requirements
and growth) is 782 kJ/kg®”. If high quality forage is
abundant, growth in body mass is usually more rapid. In
our experiment with free ranging saiga antelopes, max-

imum daily weight gain in June was 530g/individual
(51g/kg (BW)®7). In this case daily metabolic energy
expenditure according to the equation was as high as
1252 kJ/kg (BW)7. In August—September daily weight
gain of 21 g/kg (BW)*7 required 984 kJ/kg of metabol-
ic energy.

There is no data available on the energy required for
daily milk production by saiga antelope. However, ac-
cording to existing data for domestic sheep (Agricultur-
al research council 1965; McDonald et al., 1969) daily
metabolic energy requirement of lactating females dur-
ing the first 10 days of lactation is close to 1000—-1020
kJ/kg (BW)*7. Hence, the energy expenditures for lac-
tation are close to maximum energy costs of weight
gain.

The amount of metabolic energy ingestion depends
mainly on two parameters: the daily intake of food and
on its digestibility. As food consumption is limited and
is relatively constant, the amount of metabolic energy
intake is affected mainly by digestibility, which de-
pends on the quality of forage and varies over a wide
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Figure 3. Relationship (y = bx + a) between apparent forage
digestibility (% dry matter) and metabolic energy intake (kJ/
kg®” body weight). Data obtained in warm season in experi-
ments with saiga in balance cages (/) and free ranging saiga
(2). (Agropyron sp. excluded because its proportion in the
ration was considerably lower than normal). Std. Error: a =
4.80, b =0.005. P-level < 0.0001.

range. Relationship between ration digestibility (y) and
metabolic energy intake (x) in our case can be presented
in the form of the following regression equation: y =
0.029 x + 37.74 (Fig. 3). According to the equation the
maintenance energy requirements presented above (719
kJ/kg (BW)*7 without energy for growth) can be pro-
vided only at the forage digestibility level not lower
than 59%. This level of digestibility should be consid-
ered critical level, providing maintenance level of ener-
gy intake and overall positive energy balance for graz-
ing non-breeding animal. To provide for daily weight

Table 3. Protein consumption and digestibility for

717

gain at 6g/kg (BW)"7, which during warm season re-
quires daily metabolic energy intake of 782 klJ/kg
(BW)*7, food digestibility should be not lower than
61% according to the above equation.

Higher metabolic energy requirements during lacta-
tion (1000-1020 kJ/kg®7) would accordingly require
increase in food digestibility up to 67-68%. Thus in our
case, the threshold level of forage digestibility for pos-
itive energy balance of adult (full grown) non-breeding
saiga is 59%, and if growth and lactation energy re-
quirements are included, it is above 61% and 68%
respectively.

Provision with protein and threshold concentra-
tions of protein in the forage of saiga antelope

Nitrogen requirements were evaluated using indices
of protein consumption and digestibility obtained in
our experiments with free ranging animals, and also in
three cases of confined animals with feeding to leaves
Lactuca tatarica and Ulmus pumila (Tab. 3). For rang-
ing animals metabolic protein in feces was 4.797 +2.65
g /100 g of consumed food (Fig. 4). Consequently for
an adult animal, consuming 1200 g of dry matter per
day, daily metabolic protein content in feces was 57.6
g/individual or 9.22 g/individual (0.71 g/kg (BW)*7)
of metabolic nitrogen. Combined with endogenous urine
nitrogen (0.12 g/kg (BW)*” per day) it amounted to
0.83 g/kg(BW)*” of nitrogen (5.19 g/kg(BW)*™ of
protein), which coincides to minimum daily nitrogen
requirements of saiga for maintaining activity during
the warm season of the year. These values are close to
published estimates of nitrogen requirements (0.41—
0.82 g/kg(BW)"7) for other ruminants (Robbins, 1983).

Energy costs of nitrogen for growth and weight gain
adult animals are 2.5% per unit of weight gain (Agricul-
tural research council, 1965). Taking into consider-

saiga, 1996-2005 (reprinted from Abaturov et al., 1998, 2005).

Type of forage Date Content in dry | Digestibility, % Daily consumption
matter, %
diet feces | apparent | true diet digestible protein
protein,
g/anim. g/anim. g/kgBW* "
4/12-17 18.4 15.0 81 100 181.4 181.4 19.19
5/26-29 14.8 15.3 58 90 156.9 141.8 10.50
6/2-6 14.3 14.6 67 100 199.4 199.4 13.85
Green herb in diet (free 6/20-24 14.2 14.0 73 98 150.0 147.1 14.33
grazing)** 7/27-30 12.6 14.6 43 81 100.1 81.2 5.52
8/3-5 12.0 144 46 854 228.3 195.1 12.04
8/28-31 12.7 14.1 65 92 153.3 141.3 12.12
9/21-26 13.3 15.7 50 76 113.2 85.8 8.92
12/1-4 134 11.2 63 89 67.2 60.0 5.00
Lactuca tatarica™ 8/2-17 17.3 17.8 54 74 130.5 97.1 9.93
Elm leaves* -“- 10.5 11.0 54 88 110.3 97.2 9.94
-“- 10.5 9.8 62 96 101.9 97.3 9.95

*Feeding in balance cages
** Grazing on natural range
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1 y=0,9561x-4,7968 .
R =0,8447
F=24,92
p< 0,005
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Figure 4. Relationship (y = bx + a) between dietary crude
protein content (%) and its apparent digestibility (g/100g
feed intake) for saiga. Std. Error: a =2.65, b =0.19.

ation the correction for biological value of dietary ni-
trogen, according to which only 70% of absorbed nitro-
gen is used effectively (Agricultural research council
1965; McDonald ef al., 1969; Robbins 1983), it is easy
to calculate, that gain of 1 g of weight requires 0.0357 g
of digestible nitrogen (0.223g protein). In our research
when daily weight gain of grazing saiga in June, late
August and in September was 530, 250 and 80 g/ind.
respectively, cumulative digestible protein requirements
for growth/weight gain only were 11.53, 4.80, 1.86 g/
kg(BW)*7, and for both growth/weight gain and main-
taining normal activity — 16.72, 9.99 and 7.05 g/
kg(BW)®7 per day. At daily average weight gain
throughout a year equal 65 g/individual, average re-
quirements in digestibility protein should be equal 6.50
g/kg(BW)*” per day.

During the grazing trials, consumption of crude
protein varied from 60 to 199 g/ind. (89 to 117 g/kg®”
body weight) per day and true digestibility of protein
was from 74 to 100% (Tab. 3). In this case, correlation
between daily digestible protein consumption (x) and
dietary protein concentration () was fairly high (r =
0.81). It can be presented in the form of regression
equation y = 0.584 x + 6.172 (Fig. 5) According to the
equation in order to provide a grazing animal with
minimum amount of digestible protein (5.19 g/kg®”
body weight) required for maintenance protein concen-
tration in plant forage needs to be not less than 9.2%.
This particular value reflects the minimum (threshold)
level of protein content in the food, necessary to sustain
nitrogen balance of grazing saiga. If other needs (growth,
shedding, pregnancy and lactation) are included this
level must be higher: in June, when weight gain was up
to 530g/ind. per day, daily digestible protein require-
ments (16.72 g/kg®” body weight) could be satisfied
only at 15.9% protein content in the ration. At the
average level of annual weight gain, when requirements
are 6.50 g/kg (BW)*7, protein content in the ration is
not lower than 9.97%. During lactation period protein
requirements increase significantly. During the first
weeks of lactation according to data for domestic sheep
(Agricultural research council 1965; MacDonald et al.,

2 20 ;
B *
3=
L2 15 @
=]
a s *
g 10 *®  y=05615x +6,1258
5 R? =0,5873
2 97 F=9,96
o
D O T L] T 1
5 10 15 20 25

Digestible protein, g/kg/(BW)°-75

Figure 5. Relationship (y = bx + a) between dietary crude
protein content (%) in free ranging saiga ration and daily
consumption of digestible protein (g/kg"’*body weight). Std.
Error: a=2.07, b=0.16.

1969), digestible protein requirements are 14.0 g/kg
(BW)®7, In this case protein content in the forage needs
to be not less than 14.3%.

Discussion

Our experimental data allow us to estimate mini-
mum thresholds for energy and protein nutrition to
support different levels of physiological demand, and
to evaluate the sufficiency of various foods or diets
based on forage quality parameters (digestibility, pro-
tein content) in the context of the saiga antelope’s
protein and energy demands (Tab. 4).

To provide for maintenance energy requirements
(cumulative energy expenditure in a state of repose and
during grazing) adult non-breeding animals need plant
food with digestibility not lower than 59% and protein
content not lower than 9.00%. Growth and reproduc-
tion require higher quality forage. To provide for growth,
digestibility of forage should be not lower than 61%
with protein content >9.80%. For reproduction and
lactation, digestibility must be at least 68% with protein
content at least 14.00%. These minimum thresholds are
similar to those established for European roe deer. For
roe deer, minimum estimated food digestibility and
protein content for adult non-breeding animals was
60% and 5.5%, respectively, while for young growing
animals the minimum digestibility was 75%, and for
lactating females even higher (Eisfeld, 1974, 1985).
According to our experimental data, nutritional value
of most plant species grazed by saiga is lower than
these thresholds. For Kochia prostrata, even during the
peak of vegetation growth (in June), digestibility was
only 49—-52%, of mixed steppe forbs in May—June was
54% (Tab. 2). Thus, in our energy balance trials with
confined animals feeding siaga with these forages in the
form of whole-plants led to negative energy balance
and weight loss. In contrast, free-grazing tractable ani-
mals that were foraging on the same plants species were
selecting diets of substantially higher digestibility (60—
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Table 4. Threshold parameters of forage quality for minimum energy and protein requirements of saiga antelope.

Componenets of energy Requirements Threshold parameters of forage quality

and protein budgets Metabolic energy, | Digestible protein, | Minimum protein Minimum
MJ/kg(BW)*"” g/kg(BW) *7° content, % digestibility, %

Maintenance of energy

equilibrium of free 0.719 5.19 9.0 59

existence

Maintenance of energy

equilibrium of free 0.782 6.50 98 61

existence and growth

Maintenance of energy

equilibrium of free 1.002 14.0 14.0 68

existence and lactation

77%) and positive energy balance. The high digestibil-
ity of grazed diets can be explained by the selective
foraging behavior typical of saiga antelope. Free graz-
ing saigas typically select only the most nutritious plants
or parts of plants. For example, when feeding on plants
of Kochia prostrata or Galatella villosa, they typically
select tops of sprouts with flower buds or seeds. When
feeding on Limonium gmelinii or Salsola laricina, and
similar plants, they typically select for new lateral shoots
and young leaves (Abaturov et al., 1998).

It is obvious that these are parts of plants of higher
nutrition value, characterized with high digestibility.
Thus, in our experiments with free ranging animals
when the main portion (60%) of the ration consisted of
Kochia prostrata, selective grazing of only apex shoots
still provided higher digestibility — up to 73% (Abaturov
et al., 1998). In the experiments with confined animals
in cages, they were fed with whole plants of Kochia
prostrata and in this case showed lower digestibility
value of 51% (Abaturov et al., 1982). The same pattern
was observed with other plant species. In the environ-
mental conditions of the pastures investigated, Saiga
almost entirely avoided gramineous plants (Abaturov et
al., 1982, 1998, 2005). Their digestibility tends to be
fairly low, and this explains why grasses are typically
an insignificant component in the saiga’s diet.

Crude protein is not apparently a nutrient likely to
limit most populations of saiga antelope. In areas dom-
inated by semidesert vegetation, where the main part of
saiga population range is located, foliage of most plants
is characterized by fairly high protein content through-
out the year (about 14%) (Abaturov et al., 1998). This
is sufficient to meet protein requirements for mainte-
nance, growth, and lactation (Tab. 4). Semidesert vege-
tation is diverse, includes both typical desert and steppe
species, and has high diversity of plant forms including
grasses, forbs, sub-shrubs and dwarf sub-shrubs, many
of which vegetate all year round. Seasonal differences
in phenological development among plants provide an-
imals with green forage with high protein content al-
most throughout the year. This characteristic of semi-
desert vegetation sets it apart from other vegetations,
particularly from steppe grass formations, which are
dominated by grasses and forbs having short synchro-

nous growing seasons. This is also typical of grassland
(savanna) plant communities in Africa, where decrease
(decline) of protein content in vegetation as low as 4—
5% results in nitrogen deficiency in grazing animals
(Sinclair, 1974; Arman & Hopcraft, 1975; Berry &
Louw, 1982; Stanley Price, 1978; Abaturov et al., 1995).
This explains the fact that saiga distribution range is
limited to the semidesert vegetation zone with only
occasional occurrence of this species in the steppe
zone.

It is important to emphasize that the thresholds of
food quality estimated here apply only to the warm
period of the year. During the cold period saiga, like
other ungulates at high latitude, lowers its level of
metabolism and forage consumption. Maintenance en-
ergy requirements in winter are 1.5 times lower, and
maximum consumption (until satiation) of dry plant
material is 2.5 times lower than in summer (Abaturov et
al., 1998). Therefore thresholds for food quality are
different in winter. The quality of food in winter must
be equally or even more important for sustaining posi-
tive energy balance. Substantial weight loss character-
istic of saiga in winter (Bannikov et al., 1961; Abaturov
et al., 1982; Lopatin et al., 1987) indicates that energy
balance is negative during this period of the year. In
winter the energy balance of free ranging animals was
negative when forage digestibility was 56% and forage
consumption was at its maximum level for the winter
period. Maintaining positive energy balance in winter
is possible only at very high level of forage nutrition
(Abaturov et al., 1998). Indeed, energy balance of
confined animals fed a grain and alfalfa hay mix (71%
digestibility) was positive (Tab. 2).

Conclusions

Analyses of the state and quality of forage resources
and their influence on the saiga population during the
warm period of the year showed that only non-growing
adult animals could maintain positive energy balance
when digestibility of consumed plant material was as
low as 59%. At or below this level of forage digestibil-
ity, animals cannot grow or accumulate fat. Therefore,
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providing plant resources above this level of digestibil-
ity should be considered critical to reproduction, lacta-
tion, and growth and survival of young in wild popula-
tions. Forage digestibility at 61% provides for positive
energy balance and is sufficient to meet nutritional
requirements for growth, but this level of digestibility is
still insufficient to provide for reproduction, and partic-
ularly for lactation. To provide for all major compo-
nents of the annual energy budget, including reproduc-
tion and lactation, the digestibility of consumed forage
must be at least 68%.

To meet the saiga’s protein demand for mainte-
nance and growth, the content of digestible protein in
forage must be at least 9.8%. Almost all semidesert
plants are characterized with even higher content of
crude protein throughout the year, and food quality in
this relation is almost always above the critical thresh-
old. Only during the lactation period, when protein re-
quirements increase significantly to the critical level of
14.0%, may forage plants contain insufficient protein.

Thus, meet an individual’s nutritional demand for
growth, maintenance, and reproduction, plant forage
digestibility must be at least 68% and forage digestible
protein content must be at least 14%. Animals can
survive on plants of lower digestibility (59%) and pro-
tein content (9.0%). However, diets this low in quality
can only support maintenance and are inadequate for
growth and lactation.

Given the selectivity of saiga when feeding, we
conclude that normally only a portion of pasture plant
mass is of necessary quality. This portion is usually not
large and includes either single dominant species, or
only certain parts of plants (tops, flower buds, inflores-
cences, new leaves and shoots). Many predominant
species (majority of grasses for example) cannot be
considered as forage plants of acceptable quality for
saigas. Therefore, evaluation of forage availability for
animals, and carrying capacity habitat should be based
only on that portion of vegetation with digestibility and
protein content above threshold levels, not on total
standing crop biomass or even on live biomass.
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