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ABSTRACT

Impact of Black-tailed Jackrabbits (Lepus californicus)
on Vegetation 1in Curlew Valley, Northern Utah
DYy
Mark Westoby, Doctor of Philosopny
Utah State University, 1973

Major Professor: Dr. Frederic H. Wagner
Department: Wildlife Science

The interrelations of black-tailed jackrabbits and the desert-
shrub vegetation on which they were feeding were studied in Curlew
Valley, Northern Utah. The vegetation was described as a three-
cornered continuum, the corners being types dominated respectively by

Artemisia tridentata, Atriplex confertifolia, and Sarcobatus vermiculatus.

Jackrabbit diet was studied by microscopic analysis of plant
fragments in stomachs from shot animals. The method was inaccurate,
apparently because the ratio of identifiable tissues to all ingested
tissues was very low, and varied between plant taxa, and seasonally.
This problem seems intractable for desert shrub vegetation.

The diet was similar to that reported by other workers on this
species, with perennial grasses and forbs most important in spring
and summer, shrubs in autumn and winter. Features new to this vegeta-

tion were large percentages of Halogeton glomeratus, particularly in

autumn and winter, and intense selection for Kochia americana. Attempts

to explain the foods chosen in terms of their nutrient contents were

partically successful.
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Diet selection by large generalist herbivores was conceptualized
as optimization of nutrient intake, mediated by long-delay learning,
and constrained by food availability only at very low levels of
availanoility. Spatial variation in jackrabbit diets confirmed this
"cut-off" response to availability.

Percentage utilization was estimated indirectly as jackrabbit
density, times yearly food consumption per jackraboit, times year-
round percentage of each taxon in the diet, divided by available biomass
of each taxon. Less abundant plants were more intensely used, wnich is
expected if consumption does not vary continuously with availability.

Perennial grasses, Kochia americana and possibly Grayia spinosa seemed

to be under damaging pressure at high jackrabbit densities.

Kochia had almost disappeared from outside a sheep- and jackrabbit-
proof exclosure since the 1950's. In other exclosures, the presence or
absence of jackrabbits seemed to make no difference to the rate of
vegetation recovery over 5-7 years after exclusion of sheep.

Jackrabbit use of a crested wheatgrass seeding was concentrated

in a 300 m band around 1its edge.

(178 pages)




INTRODUCTION

The question of the degree to which grazing and browsing
herbivores affect the structure and function of vegetation has
interested ecologists for many years. The most common SoOurces of
information on this question are of an empirical and experimental
nature, and (1) either involve purposeful manipulation of animal
numbers and their pressure on the vegetation, or (2) they involve
observations on vegetative changes which accompany natural variations
in herbivore numbers.

The field of range management provides much of the information
in the first category, with its experimentation in intensity and timing
of livestock grazing (e.g., Hutchings and Stewart, 1933; Blydenstein
et al., 1957; Holmgren and Hutchings, 1971), and in the use of
exclosures against stock, wild ungulates, and rodents (e g, Taylor,
1930; Fitch and Bentley, 1949; Norris, 1950). In the second category,
natural variations in herbivore numbers provide fortuitous experiments
which permit observation on vegetation changes (e.g., Leopold et al.,
1947: Buechner and Dawkins, 1961; Glover, 1963; Smith, 1965; Elton,
1966).

Effective as these observations are in demonstrating the effects
of grazing pressures on vegetation, they do not often give information

on the complex of mechanisms 1inking the grazer and the vegetation.

These mechanisms would seem to include such processes and entities as:




(1) The nature of the vegetation in the first place.

(2) The numbers and kinds of herbivores present on
this vegetation.

(3) The quantitative food need of these herbivores.

(4) The qualitative food need in terms of diet selection,
and the complex of mechanisms effecting that selection.

(5) The physiological and morphological changes to
individual plants of each species under different levels of
herbivorous removal.

(6) The population responses of each plant species to
the changes in its individuals.

(7) The sum-total vegetation changes which the population
changes effect.

This study has sought to make a small start on this
complex of processes in the case of black-tailed jackrabbit

(Lepus californicus) use of Great Basin desert vegetation

in the northern Intermountain area. Specifically, it has explored
ihe question: what changes in the botanical composition of

a plant community would result from the presence of a given
number of black-tailed jackrabbits for a period? In the language
of systems analysis, a time-curve for jackrabbit density is

the input variable, and the botanical composition of the plant
community is the output variable. Quite likely, changes in the

plant community would affect the population dynamics of the

jackrabbits. But this feedback has not been studied here.




Given a figure for the density of jackrabbits, we need to
answer the following questions:

(1) What amounts of different plant species are available?

(2) What amounts of different plant species are eaten?

(3) What proportion of the available biomass of each plant

species 1S being removed?

(4) What, in detail, is happening to the plant species which

are under significant pressure? This question might be
subdivided: What other damage is there to the plants beside
the removal of material which is eaten (e.g., trampling,
rubbing, removal of material which is wasted)? How does the
mean utilization of the plant species (from question 3) trans-
late into defoliation patterns of individual plants? What are
the responses of individual plants to these patterns of de-
foliation? To what plant population response do these
individual responses add up?

Questions 1-3 constitute a first step. We should try to answer
them for all plant species. Question 4 is a second step; it is to be
answered for selected plant species.

If these questions could be answered, we would have a prediction
of a new plant community, i.e., a new answer to question 1. With a new
value for jackrabbit density, we could iterate through the questions
again. This would be a simulation.

When we answer the questions the first time, field data on foods

selected can be used to answer question 2. On Tater iterations, though,




the plant community will have changed. The foods which are eaten
must then be predicted, not measured. (0Of course, if the plant

community does not change, the whole process is trivial.)

This study has tried to answer the first three
questions, and also looked at how the foods chosen might
be predicted as the plant community changes. In answering
question 3, it has proposed hypotheses about jackrabbit effects
on the vegetation. These were then compared with results
from some exclosures in Curlew Valley, the Utah-Idaho
area in which the study was conducted. Accordingly, the
three major parts of this report are (1) an analysis of
the vegetation in the study area, (2) an analysis of jackrabbit

food selection, and (3) estimates of jackrabbit impact in

terms of the vegetative removal from each plant species.




THE STUDY AREA

Curlew Valley extends north across the Utan/Idaho border from
the shore of the Great Salt Lake. Elevation increases from about
1300 m at the lake shore to 1600 m at the nortn end of the valley.
Total annual precipitation, wnile very variable, correlates roughly
with elevation, ranging from 15-20 cm in the south to 35-40 cm 1in
the north. Although there are some summer convectional rains, most
of this moisture falls between autumn and spring, usually with a peak
in April and May. A substantial proportion falls as snow.

There is a series of concentric vegetation zones within the
valley, determined partly by the precipitation gradient, and partly
by the increasing salinity of the soils left behind by the lake during
its retreat. The vegetation of the northern part of the valley is

dominated by Artemisia tridentata (Nutt.). (Plant names follow Holmgren

and Reveal, 1966.) Saltshrub communities dominate much of the southern

end of the valley, with such species as Atriplex confertifolia (Torr. &

Frem.) S. Wats., Atriplex falcata (M. E. Jones) Standl., and Eurotia

lanata (Pursh.) Mog. Low-lying areas are often dominated by Sarcobatus

vermiculatus (Hook.) Torr.

The studies described here were mainly carried out within the area
shown in Figure 1, which is in the middle part of the valley. It can be
considered a broad transition zone between the sagebrush type to the

north and the saltbush types to the south, with associations belonging

to both types forming a mosaic in the transitional area. The soils are for
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the most part silty loams. The Wildcat Hills have coarser soils;

Juniperus osteosperma (Torr.) Little and Artemisia arbuscula

Nutt. var. nova (A. Nels.) Crong. appear on them. Perennial

grasses (mainly Sitanion hystrix (Nutt.) J.G. Smith, Poa

sandbergii Vasey, and Oryzopsis hymenoides (Roem. & Schult.)

Ricker are more abundant there, and the forb flcra is richer.
Similar changes are found on the foothills to each side of
the valley.

Other noteworthy shrub species in the area are Grayia
spinosa (Hook.) Mog., mainly found around the skirts of the

Wildcat Hills; Kochia americana S. Wats., found as an understory

in A. confertifolia or Sarcobatus communities; and twp Chrysothamnus

species. Chrysothamnus nauseosus (Pall.) Britton occurs mainly

around Coyote Springs. Chrysothamnus viscidiflorus (Hook.)

Nutt. occurs locally on the valley floor, on coarse soils
derived from sandbanks of ancient Lake Bonneville, and more

generally on the Wildcat Hills.

The three most abundant annuals are Halogeton glomeratus

(Bieb.) C.A. Meyer, Lepidium perfoliatum L., and Bromus

tectorum L.
Coyote Springs is a dissected area, which at one time was

intermittently flooded by a nearby spring. The water from the

spring is now collected in cattle troughs, but the soil in the area

is still saline. The vegetation contains a number of characteristically

salt-tolerant species, such as Distichlis spicata (L.) Greene, and

Sporobolus airoides (Torr.) Torr.




To the east of the Wildcat Hills is an area which was chained

in 1963 to remove Artemisia tridentata, and seeded to Agropyron

desertorum (Fisch.) Shult. Such seedings are common in the Artemisia

zone. A "validation site" of the US/IBP Desert Biome T1ies across the
boundary of this seeding furtner to the east. This is a site where
selected ecosystem variables are regularly monitored, providing a check
on the simulation models built by the Biome program.

A series of unpaved roads, henceforth called the shooting route,
was driven while collecting jackrabbits for stomach analysis. This
route is shown in Figure 1.

On the north slope of the Wildcat Hills is a square mile which is
used for drive-counts of jackrabbits in demographic studies (Gross et
al., in press). This provided a valuable reference point, as a definite
location at which the absolute abundance of jackrabbits was comparatively
accurately known.

To the west of the Wildcat Hills is an area which has been used
for many studies of range ecology over the past 25 years. In particular,
it contains a number of exclosures, established in 1957, 1966, and 1968.

The black-tailed jackrabbit, Lepus californicus, is the only Lepus

species on the study area, although there are two Sylvilagus species.

Parts of the area are subject to winter sheep grazing and year-round

cattle grazing.
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PART I. VEGETATION ANALYSIS

Introduction

This section deals with studies of the composition of the
vegetation on the study area. The object was to describe the
vegetation universe from wnich jackrabbits were selecting their
food, and which that feeding activity was affecting. Results are
expressed as two main kinds of data. First, mean available biomass
of each taxon over the shooting route is estimated. These figures,
combined with data on removals of material by jackrabbits from each
taxon, allow utilization estimates to be derived; and these in turn
permit comparison of the relative impact of jackrabbits on different
plant taxa. Second, some of the spatial variation in availability of
different foods was estimated. Combined with data on the stomach
contents of animals shot at known locations, this allows conclusions

to be drawn about the response of diet to availability.

Methods and Materials

Vegetation Composition

During the spring of 1972, 36 step-point transects (NAS/NRC 1962)
were placed arbitrarily along the shooting route, in order to measure
the perennial vegetation (Figure 7). They were located in such a way

that each subjectively recognizable vegetation type had some transects

placed in it. To make a step-point transect the observer walks across
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the vegetation in even paces, with the eyes fixed upon the distant
horizon. A mark is made on the toe of one boot. When that boot is
planted at each pace, a vertical line is imagined through the point
on the toe. Vegetation which is intercepted by this line is recorded.
A point was said to be covered by a plant species if it fell within a
continuous curve drawn around the outline of the plant canopy. Each
transect thus gives presence/abhsence data at a number of points (here
usually 150-300). The points were two paces apart, so the transects
were 300-600 paces long. The data are converted into percentage cover
values. The method generally tends to overestimate cover values,
because the intercepting line is not in practice infinitely thin.

These data were examined by principal components analysis. The
mathematical basis of this method is discussed by Pielou (1969) among
others. The sequence of operations is as follows: first an n-space
is set up, where n is the number of attributes which have been used to
describe the transects--in this case the number of plant taxa, plus
the two categories "open space" and "dead plants." Each transect
then becomes a data-point in this n-space. The procedure then constructs
a new axis, which explains as much as possible of the variation in this
cloud of points; i.e., it finds a line about which variance is minimal.
Then a second axis is found, which explains as much as possible of the
variance remaining after that explained by the first axis is removed.
This procedure can be continued for as many principal components as
seems fruitful. A weighting of each attribute along each principal
component is also obtained. The data were not standardized, so the

analysis is dominated by variation in attributes with the largest

numerical values.
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Principal components analysis has been criticized lately (e.g.,
Gauch and Whittaker, 1972; Beals, 1973). When the abundance of some
of the species studied has a maximum within the range sampled, the
response across the range must clearly be nonlinear. But tne variance-
minimizing principal components analysis assumes linear response. The
result is distortion of one-dimensional continua. twisting them into
other dimensions.

To check whether or not principal components analysis was generating
spurious results, I also analysed the data by Bray-Curtis ordination
(Bray and Curtis, 1957). This method gave the least twisting of continua
when compared with several other ordination procedures (Gauch and
Whittaker, 1972) and was also recommended by Beals (1973).

The data from the step-point transects were used as the starting
point in mapping the abundance of chosen species. For each species,
the percentage cover measured in a given transect was written in at the
appropriate location for that transect on a preliminary map of the area.
The transect results were then grouped into two to four "cover-classes."
Generally, each cover-class corresponded to a recognizable vegetation

type. For example, Artemisia tridentata abundance was described in three

cover-classes of 0-5, 5-10, and 10-15 percent. The first had the aspect

of an Atriplex confertifolia type with scattered clumps or bands of

Artemisia; the second had continuous Artemisia cover with greater or

lesser admixtures of Sarcobatus; the third was Artemisia witnout impor-

tant amounts of other large shrubs.
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In this way preliminary maps were drawn, assigning a cover-
class to each section of the shooting route. The shooting route was
then examined carefully on the groud. Cover-ciasses were assigned
visually to parts of the route where no step-point transects had been

made, and the boundaries between cover-classes were placed more exactly.
Biomass Estimates

Available biomass was estimated from percentage cover. I have

assumed that there is a relationship between the two of the form
Biomass = k(Cover) [1]

since in semi-desert shrub vegetation the density of plant foliage
does not seem to vary with plant abundance. In order to estimate
available biomass from cover we need a "biomass/cover ratio" (k in
equation 1). This can be estimated from any location where measures
of both biomass and cover are available.

Some available biomass data existed from the US/IBP Desert Biome
validation site. Accordingly I took four step-point transects on this

site. This allowed the biomass/cover ratio to be estimated for Artemisia

tridentata, Atriplex confertifolia, and Sitanion hystrix. The biomass/

cover ratio for Artemisia was also applied to Sarcobatus and to Grayia,

which are of similar growth form.

Kochia americana and Chrysothamnus viscidiflorus, although not very

abundant, were found to be important in the jackrabbit diets.

Accordingly special methods were used to estimate biomass/cover ratios

for them. Cover had also to be estimated for Kochia, which was not
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detected by the step-point transects due to its low abundance, and
because most transects were examined rather early in the spring before
it had made much growth frem the root crown.

Transects were placed at various locations along the shooting
route. Circular quadrats, with 1 m radii, were placed ten paces
apart along each transect. Long and short crown diameters and height

were measured for each individual Kochia and Chrysothamnus plant. The

available biomass was harvested from each plant in arbitrarily chosen
quadrats, oven-dried and weighed. Utilization was estimated by eye for

Chrysothamnus. Kochia data were collected between the 6th and 10th of

May, 1972, and Chrysothamnus data between the 8th and 10th of October,

1972

Volume (V) of Kochia was computed as the volume of a nemi-ellipsoid

(Figure 2a):

V = %f (height)z(g-(1ong diameter x short diameter)]/2 - height) (2]

Volume of Chrysothamnus was computed as the volume of an inverted

cone (Figure 2b):

V = long diameter x short diameter x height) [3]

W
Regressions of available biomass on volume were calculated for each
species. The regression equations were then applied to the measurements
on individual plants to obtain estimates of biomass per unit area.

Cover was estimated for both species as:

Cover = ﬁ—(]ong diameter x short diameter) [4]




Figure 2.
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Photographs of (a) Kochia americana, at top, and (b)

Chrysothamnus viscidiflorus, at bottom, to show their
outTines.

15
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These data allowed biomass/cover ratios to be obtained

for Kochia and for C. viscidiflorus, and Kochia to be

mapped into cover-classes.

Estimates of mean biomass over the shooting route
as a whole were obtained as follows. The median percentage
cover of each cover-class was multiplied by the biomass/
cover ratio. This gave an estimate of biomass for each
cover-class. These biomass estimates were then weighted
according to the proportion of the shooting route occupied

by that cover-class, and averaged.

Results and Discussion

Vegetation Composition

Results from 36 transects along the shooting route and four
on the Desert Biome validation site (Table 1) show that Sarcobatus

vermiculatus and Artemisia tridentata, followed by Atriplex

confertifolia, dominate the vegetation of the study area. Live

vegetation covered 23.1 percent of the ground, and standing dead
vegetation a further 9.1 percent, Teaving 67.8 percent uncovered.

When the data were subjected to principal components analysis,
the first principal component mainly described variation in the amount
of open space; the second variation from Artemisia-dominated to

Atriplex-dominated communities (Table 2 and Figure 3).
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Table 1 . Percentage cover by bare ground, standing dead,
and perennial plant species on the transects

Percentage Cover at Transect Number

Covering object 1 2 3 4 5 6 / 8 g <1l

s OZfZ 62.9 65.9 68.5 66.8 60.5 63.2 91.7 55.1 84.9 84.7
O C§
Wi kel T ke e B S R B
Bt Tl G B0 Ol BT, R e D50, 0.9 1.8
4 Atriplex
" confertifolia
Wi adind 14.6.10.3 11.817.5:15.3 '18.1 1.8 10.3 10.4 8.4
vermiculatus
Chrysothammus "
g visetdiflorus gt
s Chrysothamus 50 8.6 19
nauseosus
8 Sttanion
2 hyetirix
9 Oryzopsis
" hymenoides
Opuntia
10. polygcantha a 0.5 0.5
n.SPg’Ob.gZ“S 5.3 4.9 0.7 11.9 0.4
airoides
12.%2?22%“ 0.5 2.5 10.8
Suaeda .
Lo fruticosa a
14 Leptodactylon a
T pungens

Tetradymia Qa
15. Mot
spinosa
16 Phlox
* hoodii @

17 Artemisia
¢ Lt
arbuscula
]8 ;_"'» ‘..'”."Lv{i?

" einereus @
19 crayla

{
sp1nosa

Opuntia polyacantha Haw.; Suaeda fruticosa (L.) Forsk.; Leptodactylon
nungens (Torr.) Nutt.; Tetradymia spinosa Hook. & Arn.; Phlox
hoodii Rich.; Elymus cinereus Scribn. & Merr.
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Table 1 . (Continued.)

Covering Percentage Cover at Transect Number

object. 11 e g e e il sl e 2

1. 66.3 86.3 58.2 51.7 60.0 68.8 76.5 62.9 54.0 70.8 70.0
i 2306 I bl Y &4 L5 BE 2 DE
3 e e B e o R 2:4 3:3
4. 00T 357 15:7.23.1 238 % 3.5 13s2 20,3034

oF 5:9.70.9 6.7 106 2.2 0.8 24.4 21.9
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Table 1 . (Continued.)

Covering Percentage Cover at Transect Number

objeet. 20 @32 ph 26 27 P8 el 3l 31 8e 53

g 75.8 76.1 75.0 76.2 92.5 70.6 63.6 39.2 44.3 64.9 66.4 65.3
2. A T ol A B o e e b 36 G e T R T B e W e T S
§s 2ol 36 8.6 1000 10,3 13.0532:3 324 A9.0%8.2il8:]
4. 0.7

8 19.7-13:8 9.4 9.2 2.2 4.} +9,2.-9.8 3.6 4.2
6. ZB o Bl vl o S § T S R e
7. a0

8. 0.7 0.8 Uit 13.7 . 7£:8.°.3:5 1.8

9. 2.3 .y S (B LR 0 G

10. | 9% 0.9

11,

8 s

13,

14. 0.8

195 1.9

16. 0.8

17 0.8

18.

ke,
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Table 1 . (Continued.)

Covering Mean of Percentage
shooting of live

object. 34 36 . .8l 82 B3 84 'route. vegetation.

[ 73.8 62.5 64.0 48.1 43.2 52.4 54.5 67.8

2. 6.9 100 8.1 A7:.1:20.0 125 13.2 9.1

3 10.8 8.8 11.6 19.2 19.0 12.5 13.2 6.8 26.9

4. 10.8 11.4 11.9 12.6 4.2 16.6

s 3.8 16.3. 3.5 8.4 33.2

6. 4.6 3.8 12.8 3.1 2.9 10.1 6.0 Tit 6.7

s 0.7 2.8

8. 0.8 T2 03917 50 6:07 1354 Lof 6.7
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Table 2. Loadings of site attributes along the first four principal
components of variation in 40 step-point transects, and
percentages of total variation explained by each component

Attribute Loading Along Principal Component
1 2 g &

Open

Space 100.0 4.7 -62.1 220
Standing

Dead -42.0 0.3 -23.1 100.0
Artemisia

tridentata -47.0 -69.7 -41.8 -12.7
Atriplex

confertifolia -32.2 100.0 -6.3 -6.0
Sarcobatus

vermiculatus 29,4 -19.8 100.0 41.0
Chrysothammus

vigetdiflorus -10.6 -14.5 0.4 -27.0
Chrysothamnus

Nauseosus e 0.9 4.3 -39.3
Sitanion

hystrix -31.9 5.0 -18.7 -5.7
Oryzopsis

hymenoides -2.2 -3.9 -2.2 -6.1
Opuntia

polyacantha -1.8 -2.2 -1.0 0.4
Sporobolus

atroides 0.8 -2.3 16.8 -36.8
Distichlis

spicata 2.2 0.4 8.7 -41.4
Suaeda

fruticosa 0.0 -1.0 diond -6.6
Leptodactylon

pUNgens 0.1 -1.1 -1.1 0.1
Te tradymia

spinosa 0.6 0.1 -2.1 -1.9
Phlox

hoodi -1.4 -1.5 -1.1 -1.1
Artemiaia

arbuscula -1.4 -1.5 -1.2 -1.1
ELlymus

einereus -1.5 0.1 -1.4 -1.5
Grayia

spinosa 0.0 -1.7 0.1 -1.5

Percentage of
variation explained 55 20 13 4

Total = 93%
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®
Chrysothamnus

viseidiflorus

Artemisia -
tridentata

® Sarcobatus
vermiculatus

Phl

Loadings of percentage cover of plant species and other
properties along the first two principal components of
variation in vegetation composition of 40 step-point
transects.
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When the 40 transects are ordinated along the first two principal
components, they show little clustering (Figure 4). Four subjective

groupings of transects are indicated in Figure 4 by circles and con-

necting lines. These are transects dominated by Atriplex confertifolia,
from the saline area of Coyote Springs, from the coarser soils of the
Wildcat Hills, and from the Desert Biome validation site.

The third principal component seems to express variation from

Artemisia-dominated to Sarcobatus-dominated communities (Figure 5). No

main trend is obvious along the fourth component.

Results of Bray-Curtis ordination in the first two dimensions
(Figure 6) are similar to the results of principal components analysis
(Figure 4). I thus conclude that the principal components procedure

nas given an undistorted ordination of sites.

On the basis of this analysis, I would characterize the vegetation
of the shooting route as a three-cornered continuum. The three corners

are communities dominated by Atriplex confertifolia, Artemisia, and

Sarcobatus, respectively. Of the less common shrubs, Chrysothamnus

viscidiflorus and Grayia spinosa tend to occur in Artemisia types, while

Kochia americana tends to occur in Atriplex or Sarcobatus types. Sitanion

hystrix, the important perennial grass, tends to be restricted to Atriplex-

dominated areas.

It would have been possible to apply to these data one of the methods
(reviewed by Goodall, 1970) for dividing the area into communities. But
these communities did not seem likely to be very clear-cut. The biomass

of species would have varied a good deal within them. Rather the impor-

tant species were mapped into 2-4 cover-classes, as explained above.
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Loadings of percentage cover of plant species and other
properties along the third and fourth principal components
of variation in vegetation composition of 40 step-point
transects.




o

~

<::>\\\‘\~\~ ATRIPLEX
il S

CONFERTIFOLIA

VALIDATION

SITE
@ it ‘—@
OEENC

34 Covorte
SPRINGS

Figure 6. Ordination of 40 step-point transects along the first two axes of a Bray-
Curtis ordination procedure. Grouping of some of the transects into subjectively-
defined locations or types is denoted by the circles and connecting lines.

L¢




28

These maps are shown in Figures 7-13. (Kochia is mapped on the basis

of the data given below.)

Biomass Estimates

The regressions of dry weight of available biomass (W) in grams

on volume (V) in liters, for Kochia and Chrysothamnus viscidiflorus,

were as follows:

For Kochia

W= .083 + 15.44V

]

E LR I R [5]

For Chrysothamnus

W=2.29 + 0.68V

: 37) (6]

1]
I

(r .76, df

Including percentage utilization in this last regression increased r

by only .006.

Estimates of available biomass and cover for Kochia transects range
from 0 kg/ha at transect 8, on the Wildcat Hills, to 23.6 kg/ha, with

0.46 percent cover, at transect 5 in the understory of a Sarcobatus

community (Table 3). Similar estimates for Chrysothamnus transects
range from 9.9 to 44.0 kg/ha (Table 4). Exact locations of the sampling
transects are superposed on the distribution maps (Figures 11 and 12

for Chrysothamnus and Kochia, respectively). The 95 percent confidence

1imits on the figures have been estimated from the variance among quadrats;

no allowance has been made for variance around the regression line. They

were estimated using the t-statistic.
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Table 3. Estimates of cover and available biomass of Kochia
americana examined 6-10 May 1972

Transect Number of Percentage Cover Dry Weight of Available Biomass
Quadrats  (95% confidence) (kg/ha, with 95% confidence)

1 40 .22 + .10 12.3 + 7.0
2 39 28 + .11 16.6 + 7.0
3 40 .01 + .01 0.4 + 0.4
4 40 .01 + .01 0.3 + 0.3
5 10 46 + .18 23.6 + 13.7
6 24 .05 + .05 | 2.7 + 2.4
7 12 13 + .13 6.8 + 6.9
8 40 .00 + .00 0.0 + 0.0

Table 4. Estimates of cover and available biomass of Chrysothamnus
viscidiflorus examined 8-10 October 1972

Transects Number of Percentage Cover Dry Weight of Available Biomass
Quadrats  (95% confidence) (kg/ha, with 95% confidence)

12 12 T B 5 15.0 + 17.8

13 12 0.8 + 0.8 9.9 + 10,6
14 9 LR T 44.0 + 46.3
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Figure 7. Distribution of cover-classes of Artemisia tridentata

along the shooting route. Numbers indicate the locations
of step-point transects.
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Figure 8.
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Available biomass values of Artemisia, Sitanion, and Atriplex

confertifolia on the Desert Biome validation site were 450, 50, and

220 kg/ha, respectively (Table 5). Corresponding cover figures, means
of step-point transects 81-84 on the validation site (Table 1), were
16.9, 13.6, and 11.5 percent, respectively. Biomass/cover ratios were
thus 26.6, 3.7, and 19.1 kg/ha/percent, respectively (Table 5).

Mean biomass/cover ratios for Kochia and Chrysothamnus are 49.0

and 12.7 (Table 5), calculated from the data of Tables 3 and 4.

Mean biomass over the shooting route as a whole is estimated by
summing the biomass/cover ratio, times the median cover, times the
proportion of the route occupied by that cover-class, across all cover-

classes (Table 6). A figure for biomass of the annual Halogeton

glomeratus is also given. It is the value estimated for the validation

Site.

The dominant shrubs Artemisia, Atriplex, and Sarcobatus account for

more than 80 percent of the available perennial biomass as calculated.

Chrysothamnus, while abundant where it occurs, is very locally distribu-

ted, and has low average biomass. The dominant annuals, such as Halogeton,
have available biomasses in the same order as the dominant shrubs. Kochia,
Sitanion, and Grayia have lTow mean biomasses.

These "available bijomasses" are used below for two distinct purposes.
First, they are used as measures of year-round supply ("availability");
that is, of the standing crop of edible material. Second, they are used

as the divisor in estimating percentage utilization, usually defined as

100 x consumption/current growth.
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Table 5. Biomass/cover ratios for various species, and data
from which they were derived

Species Percentage Available Biomass/covar
Cover® Biomass (kg/ha)D Ratio (kg/ha/%)
Artemisia
tridentata 16.9 450 26.6
Atriplex
confertifolia Tib 220 T8
Stitanion
hystrix 13.6 50 3]
Kochia
americana - - 49.0
Chrysothamnus
visetdiflorus - - 12.7
Astimated by step-point transects 81-84 on the validation
site
b

Unpublished Desert Biome data for the validation site, August
1972. "Available biomass" is taken to be "young stems and
Teaves" for the shrubs,all aboveground biomass for Sitanion

CBiomass/cover ratio calculated from data of Tables 3 and 4,
respectively




Table 6.

Estimated mean available biomass of various plant species over the shooting route

Taxon Biomass/ Estimated Percentage
Cover Median Cover Proportion of Route Mean of Total
Ratio Cover-Class Cover-Class Biomass Estimated
(kg/ha/%) 1 2 3 4 1 2 3 4 !kg/ha) Biomass
B R - BB B e Bl S B e lea - < 8,8
Atriplex
confertifolia 19.1 0.0 10.0 20.0 - .84 A3 .03 - 36.3 4.4
Sarcobatus
vermiculatus 26.6° 1.0 6.0 12.0 - .44 .24 .32 -  152.] [
Grayie
spinosa 26.62 0.0 1.0 - o IR : 0.5 0.1
Chrysothamnus b
spp. 127 00515 6.0 - - .84 .16 - - sd |
Kochia
americana 49.0 0.0 . 8.03 0.12 8.25 . .45 .29 o .05 253 03
hyetriz e T SO 1 S S S PR SR SR SRR o 0.4
Halogeton
glcm;ratucc 465.0 58«9

5 Value for Artemisia tridentata used.

Value for Chrysothamnus viscidiflorus used. These species are lumped
they were not distinguished in the stomachs.

. Unpublished Desert Biome Data for the validation site, August 1972.

at this point because

6€
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Generally, the available biomass estimated has been close to
the year's highest value. For example, most biomass/cover ratios
were derived from August data. Peak available biomass is being taken
as an index of year-round availability; the assumption is tnat the
seasonal changes in availability are similar for each species.

Current growth cannot be measured directly without sampling in
an exclosure. In principle current growth can pe estimated by (peak
available biomass) + (consumption before the peak is reached). Tnus,
percentage utilization estimated as a ratio of consumption to available
biomass will tend to overestimate true percentage utilization, especially
when consumption is large compared to available biomass. I have not
attempted to correct, adding consumption to peak available biomass to
estimate current growth, because (1) this would involve the complication
of estimating what proportion of year-round consumption occurred before
available biomass was estimated, and (2) available biomass was estimated
by projecting a biomass/cover ratio from another location onto cover
values for the shooting route. But grazing often thins, rather than
hedges, plants; that is it changes biomass without changing cover.

Moreover, there is no reason to suppose that consumption on the valida-

tion site was the same as on the shooting route.
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PART II. FOOD SELECTION

Introduction

The first overall objective of this study was to estimate
the mean utilization of each plant taxon (question 3 -- see
the Introduction). Part III of this report uses the diet data
which will be presented to do this. But the longer-term
objective of the study was to be able to project estimates
of mean utilization into the future. This involves predicting
what diets will be chosen from a plant community which has,

ex hypothesi, changed.

Accordingly I have sought, beside presenting empirical
results on diets, to explain the results, looking particularly
for types of explanation which potentially have predictive
power. The concepts now used in range management to analyse
food selection are not intended to be predictive. The main
concept is "palatability", which is often operationally
defined as the ratio of consumption to availability. The
literature contains many empirical studies of diets. For
example, the Journal of Wildlife Management from 1557-1966
published ten reports on the food habits of white-tailed
deer alone, not counting observations on individual foods,

or methodological or nutritional studies. Measures of palatability

were calculated in many of these cases, and had great interpretive
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value. But to predict that a food will be eaten because it
is palatable, amounts to saying that it will be eaten because
it was eaten. This is scientifically unsatisfying. It would
be more desirable to have a theory which predicts diets
as a function of animal properties and plant properties
taken separately, rather than as a function of what happens
when they are brought together.

The evolutionary object of feeding is to obtain nutriment.
The nutritional values of foods to a particular animal are thus
the obvious candidates as predictors of its diet. In this
section, after presenting stomach data, I look at the possibilities
of predicting diets from the nutritional properties of foods
in two ways. First, the main features of the jackrabbit diet
are discussed in terms of their nutritional reasonableness.
Second, the mechanisms involved in food selection are reviewed,
and the properties of some models which reflect the mechanisms

discussed.

Methods and Materials

Jackrabbit Collections

Jackrabbits were collected by shooting from a truck
at night with the help of a spotlight. The main collection
period was from September 1971 to January 1973. Typically

8-15 animals were shot per month, but this fell as low as

3 on one occasion and rose as high as 25 on another.




43

Between September 1971 and April 1972, animals were
taken either from the western edge of the wheatgrass seeding
or along the shooting route (Figure 1). From April to
September 1972, they were taken along the shooting route,
and the location of each kill was recorded using the distance
on the speedometer. These locations are probably accurate to
within about 200 m. After September 1972, animals were taken
elsewhere in Curlew Valley, wherever they could be found.

Since the kill-sites over the April-September 1972
period could be placed on a map of the area, it was possible
to associate each stomach with a cover-class (Figures 7-13)
of each major plant taxon. Thus the response to availability
could be studied, assuming that the animals had been feeding around
where they were shot. Probably they had been: jackrabbits
feed nocturnally, and so were shot during the feeding period; and
in Curlew Valley they have home ranges in the order of 15 ha,
which do not shift from day to day (Nelson 1970). The length
of a step-point transect, the radius of the jackrabbit's home
range, and the Tikely limit of error in placing the kill-site
on a map, are all in the same order, at 2-300 m. While some
stomachs may have been said to be associated with higher or lower
cover-classes than those in which they had actually been

feeding, there is no reason to suppose that this happened

other than randomly.
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Usually the animals were returned to Logan within a few hours
of shooting and stored in a cool room at 0°C for a few days, until
autopsy. At autopsy tne stomach contents were removed and stored in

formalin. Sometimes the animals were autopsied in the field.

Stomach Analyses

Preparation and examination
of materials

Microscopic analysis of stomach contents was carried out by two
groups of people. Stomachs collected during 1971 were analysed by
Or. W. E. Saul, of Idaho State University. His procedures were
described in Saul (1972). Stomachs collected during 1972 were

analysed at Utah State University.

The method used in this study was similar to that described
by Sparks and Malechek (1968) and Flinders and Hansen (1972).
It consisted of the following steps:

(1) The stomach contents were dried and ground in a
Wiley mill.

(2) Two slides were made from each stomach from the
milled material. A small amount (less than 0.5 gm of the dry,
milled material) was placed in a test tube, and an excess
of digestion solution (composed of 10 percent nitric anhd
10 percent chromic acid) added. This mixture was boiled

briefly. After cooling, the digested mixture was placed

in a Waring blender, with 30-40 ml of water, and agitated
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for perhaps 10 secs. The sample was transferred to a 200-mesh
screen and washed thoroughly with running water to remove
small particles and silt.

Material remaining was transferred to a 50 m1 beaker,
which was filled half full of water. One or two drops of
Safaranin-0 stain, stock solution, were added. This mixture
was left overnight, then the staining solution was strained
off. A small amount of the residue was transferred to a
clean microscope slide, and two drops of white Karo syrup

were added. The material was mixed with the syrup with a

teasing needle, and dispersed over the slide surface. The
cover slip was applied and left for about an hour to allow
the mounting medium to fill the space beneath it.

After a few days, when the syrup had dried, a thin
bead of Dupont "Duco Cement" was applied around the edge
of the cover slip, to seal the slide permanently.

(3) 100 fields, at 100-power magnification, were
examined on the slides for each stomach. When one Or more
particles of a given plant species could be positively
identified in a field, it was recorded as present, otherwise
absent. This examination gave a percentage frequency of
occurrence of the species in the 100 microscope fields.
These frequencies were converted into densities, using the
table given by Hansen and Flinders (1969). The densities were
then transformed into relative densities, which were

equivalent to "percentage composition", as used 1in reporting

the data from here on.
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One significant deviation of Dr. Saul's procedure from
the one just described was that he also made up slides of
unground material. These were examimed first to identify
the major species present. Then the slides of ground material
were examined to determine the quantitative composition of
the stomach.

Accuracy of the micvoscopic
analysis procedure

Dr. Saul carried out three experiments whose results I have
analysed. The first was to analyse some 60 stomachs from 1971 by a
"quick-scan" method, as well as by the slower method described above.
In the quick-scan analysis the slide as a whole is examined briefly,
without looking at particular fields. A subjective estimate of the
composition is recorded. These data were analysed by regressing
percentage estimated by the quick-scan method (as Y), on percentage
estimated by the slower analysis (as X), for each species.

Dr. Saul also made up mixtures of known composition and analysed
them. In a second experiment, three mixtures were made up. Each
contained the same set of species, but had different quantitative
composition. He analysed each of these mixtures nine times. In a
third experiment an assortment of mixtures of varied composition
was made up. The mixtures were analysed various numbers of times.

Both of these experiments were analysed by regressing percentage

estimated (as Y) on percentage actual composition (as X) for each

species.




47

Before the analysis of stomachs shot during 1972 was undertaken
at Utah State University, there was a training period of approximately
4 months. Three technicians were given practice in identifying
and assessing materials. During this period 35 mixtures of known
composition were analysed by each technician. The mixtures
were made up by weighing out known amounts of dried, ground
plant material. This had been hand-collected in the field
by clipping plants in ways similar to those in which jackrabbits
were thought to feed on each plant species. The mixtures were
made into slides according to the procedures described
above. A few of the mixtures were analysed by only one or
two of the technicians.

The main objective of analysing these known mixtures
was to learn to use the method as quickly and as well as
possible, rather than to conduct experiments on e The
composition of the mixtures was therefore chosen arbitrarily,
not according to any particular design. In particular,
pairs of taxa which were hard to tell apart were presented
increasingly as the learning period went on. When it became
apparent that certain pairs of taxa could not be reliably
distinguished, these were lumped in reporting the data. The
two most important cases of this Tumping were that the
two Chrysothamnus species were grouped, and so were all grasses

other than Bromus tectorum.

The following measures of the success of the proceaure

were calculated. First the quality of the overall estimate
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of the compositon of each stomach was considered. A Coefficient

of Community (CC) (Sgrensen 1948 variant) between the estimated
species composition of the mixture and the actual one was

found. It was defined as

200 S
- C °
CC = 17'1
S + 5 L/ ]
a e
where Sa and Se are the numbers of species present in tne

actual and estimated composition, respectively, and SC 1S
the number of species present in both actual and estimated
composition.

A Euclidean Distance (ED) between actual and estimated
composition in a species-space was found. It was defined

as

Ep = (5P = P [8]

where Pia and Pie are the percentage composition of species
i in the actua! and estimated mixture, respectively.

Second, estimates were sought of the quality with which
the contributions of particular taxa to the composition
of mixtures were estimated. A Recognition Success (RS), a
measure related to the Coefficient of Community, was found.

[t was defined as

200 NC
RS = ——E— [9]

N_ + N
d e




where NC is the number of mixtures in which the taxon was %
both actually present and identified, and Na and Ne are the
aumbers of mixtures in which the taxon was actually present
and in which it was identified, respectively.
Finally, the value of
Arcsin ((Pie/lOO)%) _ Arcsin ((Pid/1oo>%j [10]

was found for all mixtures in which either Pie or Pia were
non-zero. Mean and 95 percent confidence limits of this
population of values were found.
Correction equations were calculated. These were
| regressions of percentage actual on percentage estimated
composition. Cases where both actual and estimated composition
were zero were included.

[f the quick-scan and slower methods were giving the same
results, the regression coefficient b should be 1.0. Of the
six taxa with sample sizes greater than 9, four show signifi-
cantly different results by the two methods (Table 7). The
quick-scan method is apparently not reliable as a predictor
of the results obtained by the slower method.

Tables 8 and 9 show the results of regressing actual
on estimated composition of mixtures in Dr. Saul's other two
experiments. In both cases the grass Hordeum was overestimated

compared to the dicotyledons Chrysothamnus and Kochia.

Medicago and Artemisia have slopes greater than 1.0 and
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Table 7. Properties of regression lines obtained by regressing

percentage composition of stom
by "quick-scan" method
slower method (as X).

different from 0.0 for any taxon

ach contents as estimated
(as Y) on that estimated by

The intercept was not significantly

Taxon Sample Slope Probability that slope
Size is from a population
with mean of 1.0
Artemisia
tridentata 10 | + 32 5.2
Atriplex
confertifolia 13 .97 >.5
Chrysothamnus
visetidiflorus 25 .89 <.002
Descurainia 5
spp. 6 2.34 <.002
Grass
50 .97 <.002
Grayia
spinosa 6 1.25 <.002
Halogeton
glomeratus 41 1.08 <.002
Koehia
americana 22 .84 <.002
Mentzelia
albicaulis b 5 .49 -
Sphaeralcea
sp 9 .10 <.002

OL e

dMainly Descurainia Richardsonii (Sweet) 0. E. Schulz and D. pinnata

(Walt.) Britton

bMentzgljgogjpig§u1is (Dougl.) T. & G.

CProbab]y mainly Sphaeralcea grossulariaefolia (Hook. & Arn.) Rydb.
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Table 8. Results from regressing estimated percentage contribution
of three species (as Y) on actual percentage contribution
(as X). There were three mixtures with the same species
complement but different compositions; each was analysed
nine times

Taxon e Slope Intercept
B i b a ; a
Hordeum Jubatum 833 19.001

o B s S D i ”
Salsola kali | .041 -5.597
Chrysothamnus viscidijlorus .645° 4.526

 Significantly different from 1.0 or 0.0 at P = .05.

. Hordeum jubatum L.; Salsola kali L.

Table 9. Results from regressing estimated percentage contribution
of various species (as Y) on actual contribution (as X)
in an assortment of mixtures of known composition

:?axon Slope Intercept df
hia americana .986 -0.224 45
Mokl dagoRabEie. 1.3042 -14.533% 50
Irtemisia tridentata 1.044 -2.908° 35
Hordeum Fubatum .934 7.616° 13
. kald -4.889 352.267° 6

d Significantly different from 1.0 or 0.0 at P = .05.

hH . ]
~ Medicago sativa L.
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intercepts below 0.0. They were apparently underestimated at
low values and overestimated at high values.

Results from analysing mixtures at Logan show a
slight but erratic increase in accuracy during the Tearning
period (Figure 14). These were tests 1in which the analysts did
not know the composition of the mixtures in acavance. In
Figure 14 the solid line plots the progress of the Coefficient
of Community (CC) during the learning period. A CC of 100
would be perfect recognition of the species composition of
a mixture. This was never achieved by all analysts for
any one mixture. Apparently even recognition of the species
list in a mixture is poor. Both increased experience, and
lumping difficult discriminations, probably contributed
to the slight increase in CC.

Euclidean Distance (ED) measures how well the percentage
of each species was estimated, as well as the accuracy of the
species list. A small ED describes a good estimate, so the
ED axis is inverted in Figure 14 . Suppose all species 1in
a three-species mixture were identified correctly, but their
percentages were estimated wrongly by 15, 10 and 5-percent.

This would give an ED of 18.7. A mean estimate better than this

was achieved only once.

Table 10 shows biases in the estimates of particular

taxa. If the estimates are unbiased, the mean of expression 10
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Table 10. Analysis of biases in estimating particular taxa. Given
are the properties of populations of values of

(Arcsin ((Pje/1oo)]/2) _ Aresin ((Pia/]OO)]/Z)), where

Pia and Py, are the percentages actually present, and
estimated, of a taxon in a mixture. Cases where Pjj

Pia = 0.0 are omitted. Recognition Success is defined
in tne text

Taxon Number Mean 95% Confidence I imits  Recognition
(Tchebycheff) Success

Kochia

americana 28 .086 + 279 80
Halogeton

glomeratus 35 -.080 5 el 67
rrasses other b

than Bromus 60 . 148 + .198 82
Bromus

tectorum 23 -.049 ] 52
Artemisia

tridentata 42 053 + .194 81
Sarcobatus b

vermiculatus 45 -.257 +.,303 59
Chrysothamnus

spp. 58 -.059 sl /2
Grayia £

spinosa 20 213 + 367 64
Atriplex t

confertifolia 40 -.078 + .268 13
Descurainia

spp. 15 .207 + .504 0
Opuntia 5

prolyacantha 9 -.077 + .464 57
) haeralcea

spp. 1 317" + .259 76

3 Significantly different from O by Tchebycheff Inequality (Freund,
1962) at P = .1

X Significantly different from O by Tchebycheff Inequality at P = .1
and by t-test at P = .05
- Significantly different from O by Tchebycheff Inequality at P = .05




should not be significantly different from 0.0. (It
could not be assumed that (Pie - Pia) was distributed normally,
both because percentages are ratios, and because Pie and Pia
are truncated at 0 and at 100. This problem has been
minimized by using an angular transform and by calculating
confidence limits on the basis of Tchebycheff's Inequality
(Freund 1962) rather than with the t-ctakistic.)

By the most conservative statistic (Tchebycheff at

P = .05) only Sphaeralcea is overestimated. At P = .1,

or using the t-statistic, grass and Grayia spinosa are

overestimated and Sarcobatus vermiculatus is underestimated.
The overestimation of Grayia results from a period when

one analyst confused it with Sarcobatus.

The coefficients of the correction equations (Table 11)
all have positive intercepts and slopes less than 1.0.

To interpret these results we should consider the
ways in which errors might arise in the microscopic analysis
procedure. These are:

(1) Species may grind to particles of different sizes.

(2) Species may lose different proportions of material.
as the slides are made (in the digestion process, for example).

(3) Snecies mav contain different proportions of tissues

which are in principle identifiable. (Generally, only

epidermis of non-woody tissue, particularly leaf epidermis,

is identifiable.)
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Table 11. Parameters of correction equations, which are regressions
of the form (Actual percentage) = a + b (Estimated per-
centage). Data are from analyses by tnree individuals of
35 mixtures of known composition. Cases where both actual
and estimated percentage was zero are included; df = 88
for all taxa.

Taxon Intercept (a) Stope (b) r2
Sphaeralcea

spp. 0112 1872 .88
Opuntia

polyacantha 8333 .7334 .48
Descurainia

spp. .8348 -0.0804 .00
Atriplex

faleata .9358 3791 .18
Atriplex

confertifolia 6.2556 .6012 v Be
Grayia

sp1rosa .6870 .1842 J3D

1ryso thammus

5D 7.7923 .6284 .46
Sarcobatus

vermiculatus 12 .22595 .Hh886 .18
it Aot 3.3%21 .7048 61
b 2.1435 8572 14
Wisin Do 4.3976 5205 .38
o ametaiie 4.0185 7699 .44
B 2.0835 5558 .59
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(4) Even "identifiable" material may vary between
species in how easily it is recognized.

(5) Material may be identified wrongly.

(6) It may take several occurrences of a species in a
slide for the analyst to acquire a "search image" for it.

(7) If material is encountered which is identifiable
but unknown, this may be classed as unidentifiable. The
unknown's contribution to the mixture will then be divided
among the other components.

(8) If a species is subject to underestimation, the
species which often occur with it will tend to be overestimated;

and vice versa.

There are three sources of error in estimating the species
list. First, the wrong name may be given to all particles
of some identifiable material. Second, the analyst may attempt
(and fail) to name material which was not reliably identifiable.
Third, material may be missed entirely, as an extreme form
of quantitative underestimate. The Coefficient of Community
(CC) and the Recognition Success (RS) compound these three
errors.

The first kind of mistake seemed to be eliminated by
the end of the training period. The remaining errors in
identifying the species list (which were large -- see

Figure 14 and Table 10) were presumably caused by the second

and third kind of mistake. The second could be reduced by
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being more cautious about identifying material. However this
would decrease the frequencies of "identifiable" material,
and so increase the third kind of error.

The contribution of species to mixtures was also estimated
badly (see Table 10, the rz values in Table 11, and Figure 14--
but ED includes the effect of getting the species list wrong).
Sparks and Malechek (1968) tested the accuracy of the procedure
using grassland species, and found it satisfactory. Biases
in our estimates (Table 10) seem to result mainly from how

easily species are identified. Grasses and Sphaeralcea, which were

overestimated, have characteristic oblong epidermal cells

and stellate hairs, respectively. Sarcobatus, which was

underestimated, had only leafless twigs at the time most of
the reference material was collected. In general, desert
species vary much more than grassland species in the proportion
of material which is leaf epidermis.

The correction equations indicate that there was a
tendency to underestimate or miss entirely species which
were present in small amounts, and to overestimate those
present in large amounts. Perhaps the former effect is
because it is hard to form a "search image" for uncommon
material, and the latter is the result of underestimating

less common species.

The following conclusions seem to follow from these

tests:

(1) The microscopic stomach analysis procedure gives
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data of poor quality when applied to animals which sometimes
browse desert shrub vegetation.

(2) This is mainly because the proportion of reliably
identifiable tissues in the ingesta varies greatly between
species.

(3) There is a tendency to underestimate or miss
material present in small amounts, and correspondingly to
overestimate the more common species.

Only problems involved in estimating the composition of
a mixture of plant fragments, such as the contents of a stomach,
have been discussed here. Other problems arise in extrapolating
from a sample of stomach contents to the diet of a population.
The main assumptions involved are that nlant species are not

differentially digested, and that the animals have been taken

at random from the population.
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Results

Stomach content data are presented in full in Appendix A.
There means for each sampling date are given, and taxa are
separated as far as possible. Here the data are lumped into four
seasons (Table 12): winter (December-February), spring (March-

May), summer (June-August), and autumn (September-November). Forbs

other than Halogeton are lumped, and so are all unknowns. Table 12

separates data from the edge of the wheatgrass seeding, and from
away from it.

The year-round averages for the shooting route in Table 12 are
not simple means of the four seasonal values. They have been obtained
for the period 10 October 1971 to 27 September 1972, when all stomachs
were shot on the shooting route. This period was cut into segments
of time at the dates midway between sampling dates. The mean per-
centage on a given sampling date was then multiplied by the number of
days in the corresponding time segment. These values were then summed
over the year and divided by 365 to estimate the mean percentage of
the year-round diet on the shooting route. The only notable difference

between averages obtained this way and those that would have been

obtained by averaging seasonal values is the absence of Atriplex falcata;
this species occurred only in the sample of 2 November 1972, which did
not come from the shooting yroute.

The jackrabbits will apparently accept almost any plant species

on the study area. All the important perennial species occur in the

diet at some time. The only plants which are noticeably rejected are




Table 12. Mean percentages of plant taxa in stomach contents by season

Taxon Percentage of Total Stomach Contents
Away from wheatgrass seeding Year-round Near wheatgrass seeding
average on
Spring Summer Autumn Winter shooting Summer Autumn
route
Artemisia tridentata B § 0.0 2.6 18;] 7.8 0.1 0.4
Sarcobatus vermiculatus 9.0 9.1 3./ 6y 6.7 0.0 0.0
Chrysothamnus spp. 0.1 L - 6.1 343 2.1 03 24.1
Grayia spinosa 0.0 0.0 3.4 0.0 0.6 0.0 0.0
Atriplex confertifolia 152 0.0 4.6 0.5 1.6 5.1 2.4
c\ Atriplex falcata 0.0 0.0 6.3 0.0 0.0 0.0 0.0
Kochia americana 22,6 8.5 15.3 1l 10.8 0.1 Fol
Bromus tectorum 0.1 0.8 0.2 0.0 0.2 0.0 0.0
Grasses besides Brc .us 27.4  38.5 9.3 3.8 21.0 653 55.0
ro Halogeton glomeratus 16.0 20.9 42.4 58.0 38.8 6.4 10.0
Forbs besides Halogeton 6.5 16.1 3.8 9.1 ¥ B 0.4
Unknowns Ee o g e 0do 2.1 1.8 0.1 S

Number of stomachs 29 26 68 13 98 23 58
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the crucifers Descurainia and Lepidium. These are quite abundant--

they each reach perhaps 10-50 percent of the biomass of Halogeton,
depending on the year's weather--but are uncommon in the diet. They
have (to humans) the characteristic mustardy taste of crucifers. The

winter annual grass, Bromus tectorum, also seldom appears in the diet.

This may be because the analysts usually lumped it with the other
grasses, however.

Although nearly all species on the study area are acceptable,
there is strong preference between them. "Electivities" (Ivlev, 1961)
nave been calculated for those taxa for which I have availability
estimates (Table 13). This measure can vary from - 1 (rejected) to
+ 1 (highly preferred). On a year-round basis, grass and Kochia are

highly preferred. Chrysothamnus, Grayia, and Halogeton are moderately

preferred, while the dominant large shrubs, Artemisia, Sarcobatus, and

Atriplex confertifolia, have low electivities.

As a result of these preferences, three taxa (grass, Halogeton,

and Kochia) account for 65-70 percent of the diet in each of the four

seasons. These three occupy the three leading places in the diet in

all four seasons, with only two exceptions: Artemisia displaces grass

in winter, and forbs displace Kochia in summer (Figure 15). The diet
has the highest equitability in spring and the lowest in winter, with
summer and autumn intermediate.

The following are notable features of the diet:

(1) Artemisia is used mainly in winter and spring.

(2) Sarcobatus is most important in spring and summer.
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Table 13. Relative preferences of jackrabbits for plant taxa on
the shooting route, on a year-round basis. E = (C - A)
/(C + A), where E = Electivity, C = Relative Consumption,
and A = Relative Availability

Taxon Relative Relative Electivity
Consumption Availability
(Table 12) (Table 6)

Artemisia 7.8 19.5 - .43

tridentata

Sarcobatus =
vermiculatus 6.7 18.3 ~ 540
C%risothamnus 21 1.2 Y D
spp.

S e 0.6 0.1 %7
spinosa

Atriplex -
confertifolia 159 s iy

KOO}H/C-Z 10.8 0.3 + .95
americana

Grass 2107 0.4" + .96
H7 =)

Halogeton 38.8 55.9 - .18
glomeratus

2 AT perennial grasses.

!

3 Sitanion hystrix only.
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Halogeton
WINTER
58.0 Artemisia Kochia Ly T
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18.1 7.7 5.1 38
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SPRING
P Kochia Halogeton o
16.0 o 7j“] L Sarcobatus
27 .4 22 6 | l______,. 9.0
P SUMMER
Grass
38.92 Halogeton F?gb? Sarcobatus Kochia
20.9 9.1 8.5
[ |
Hglogeton AUTUMN
42 .4 Atriplex
X Kochia Grass faleata - ]
3 6.3 ¢ rygo?mamnus
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YEAR-ROUND

Halogeton
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Artemisia :

38.8 10.8 7.8 Forbs
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Figure 15. Mean percentages of the five leading taxa in the stomachs
of jackrabbits shot away from wheatgrass seedings at each

of four seasons, and year-round.
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(3) Atriplex confertifolia and Grayia appear in the diet

in autumn.

(4) Chrysothamnus is used in all seasons except spring,

but particularly in autumn.

(5) Kochia is important throughout the year, but especially
in spring and autumn.

(6). Grass ic very important in spring and summer, less so
in autumn and winter.

(7) Halogeton dominates the diet during autumn and winter,

and is also important during spring and summer.

(8) Forbs other than Halogeton,and unknowns,are most important

in spring and summer.
The data from the wheatgrass seeding (Table 12) support

these patterns. Chrysothamnus, Kochia and Halogeton are all

more important in autumn than summer, as they were away from

the seeding; grass less. Grass (presumably Agropyron) is

naturally most important in the diet. Chrysothamnus, which is

abundant around the western rim of the seeding, also forms a

high percentage of the diet.

These results generally agree with those obtained by other

workers. Currie and Goodwin (1966) found that Artemisia was

used from the beginning of dormancy in November until growth
began during April. McKeever and Hubbard (1960) found that

Grayia was highly preferred in comparison to Artemisia,

Chrysothamnus nauseosus, and C. viscidiflorus. Chrysothamnus
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spp. were little eaten in that study; preferred plants besides

Grayia were Atriplex canescens (Pursh) Nutt. and Prunus andersonii

A. Gray, neither of which were found in my study area. Currie and

Goodwin (1966), working in Curlew Valley, found that Chrysothamnus

spp. were mainly used October-December. They found that perennial
grasses appeared in the diet during April, were eaten almost exclusively
during summer, and were replaced by shrubs by Uctober. Forbs were used
in the spring, but not during summer. They did not collect data on

Halogeton.

The following features of the jackrabbit diet have not appeared

in earlier studies: first, the extensive use of Halogeton year-round;

and second, use of species (including Halogeton) with high salt content,

and hence water content, during summer. Use of cactus during hot, dry

periods has been reported (Vorhies and Taylor, 1933; Riegel, 1942;

Brown, 1947).

Discussion

Null Hypothesis--Random Feeding

The simplest possible explanation of the diet is that it 1s tne
result of random feeding. If this were the case, foods would be taken
in proportion to their availability. Figure 16 plots year-round
percentage in the diet against availability. The correlation is statis-

tically significant (r]2 = 0.77, P < .05). The correlation coefficient

implies that somewhat more than half (58 percent) of the variation in
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year-round consumption between is associated with availability. Yet,

nearly half of the variation is not associated with availability

and therefore needs analysis.

Empirical Relationships between Nutrients and the Diet

From the evolutionary point of view, the most plausible
reason why a food shouid be preferred is that it is more
beneficial to the animal; i.e. it is nutritionally superior.
[t is difficult, though, to test formally the hypothesis
that the diet is "nutritionally wise." The benefit obtained
from a food depends on its content of digestible nutrients,
and on the animal's need for each nutrient. Data on both
needs and supplies are sparse. Even where the supply of one
nutrient from a food is known, the benefit it gives will
depend on how well the animal is supplied with other
nutrients, from other foods. The best that can be done here
is to present available data on the nutrient contents of
foods, and to assess in general terms which seasonal changes

in jackrabbit diets are reflected in the nutritional properties

of the foods.

Energy, protein, and
phosphorus

Available data on nutritional properties are presented in

Figures 17, 18, and 19. These were developed by assembling all
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Figure 17. Seasonal changes in the phosphorus content of six plant species of the northern desert

shrub biome. Also shown are the phosphorus requirements of domestic rabbits (NAS/NRC,
1966) .
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values for the nutrient content of the current growth of plant species
at definite dates, from Cook (1971), Cook et al. (1954, 1959), and
Jameson (1952). Means were then taken for each month, and these
values were plotted. Figure 17 gives data for phosphorus, Figure 18
for protein, and Figure 19 for energy. These nutrients were chosen
because they were best documented; and because Cook et al. (1954)
characterized nutritional problems for stock on these ranges as in-
adequate protein and phosphorus from grasses, versus inadequate energy
from shrubs.

Most of the nutrition data are from the period October-April,
because the main economic use of this vegetation is as winter range.
On the same figures the requirements of domestic rabbits for the
nutrients (NAS/NRC, 1966) are indicated. These requirements assume the
digestibilities of commercial feeds; unfortunately the actual digestibi-
lities of Curlew Valley plants to jackrabbits are unknown.

Artemisia seems to have a higher phosphorus content than other
species during autumn, winter, and spring.

A11 species are low in protein during autumn and winter. Grass

is much Tower than the shrubs in this regard. Artemisia seems to pe

the best of the shrubs during winter. All species increase in protein
content in spring, with grass increasing markedly. Given that grass
has higher digestibility than shrubs (Cook and Harris, 1968), it is
probably the best source of protein during spring, and perhaps summer
too. Jackrabbit breeding in this area lasts from about January to

luly (Stoddart, 1972); the protein needs of females presumably increase

during this period, relative to the nonbreeding season.
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Artemisia and Chrysothamnus have a higher energy

content than the other shrubs and Sitanion for all seasons
when data are available. There is no conspicuous seasonal
variation in energy content within species; the relative
ranks of the different species are consistent.
Now I shall consider the list of eight features

of the jackrabbit diet given earlier, tC sce which of
them are intelligible in the light of these nutrient data.

0f the eight features listed (7), (8), and in part (3)

cannot be considered, because we have no data on Grayia,

Halogeton or forbs. Of the others:

(1) Artemisia is used mainly in winter and spring.
However it ranks high in several attributes throughout
the year. Why is it not used during summer and autumn?

A possible explanation is that it is eaten only during
its dormant period, November-April (Appendix A ). Currie

and Goodwin (1966) give the same dates. Nagy et al. (1964)

found that the volatile oils of Artemisia reduced digestion

e

fficiency in deer; it may be that the volatile oil content
Jowered during dormancy
(2) Sarcobatus is most important in spring and summer.

is unexceptional in protein and phosphorus content during

winter, so would not be expected to be used then. No nutrient

'ta for spring and summer are available.
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(3) Atriplex confertifolia appears in the diet in
autumn. It is consistently low-ranked in all the nutrients
chosen, so its unimportance in the year-round diet is reasonable.
[ts use in autumn would not be predicted from these data,
though.

(4) Chrysothamnus is used in all seasons except

spring, particularly in autumn. It is ranked high in energy
content, but not in phosphorus or protein. Its rankings

do not change much seasonally. Its use may be explained by

its energy content, but no reason appears for the seasonal

changes 1in use.

(5) Kochia is important throughout the year, but

especially in spring and autumn. On the whole it ranks
low in all attributes. There are two exceptions; it is high
in protein in early autumn, and increases sharply in
phosphorus in early spring. But both of these high points
result from single high observations in the literature,
and so must be regarded with caution. Overall, then, its
importance in the diet seems inexplicable; but the seasonal
pattern of use is reflected in the data.

(6) Grass is very important in spring and summer,
less so in autumn and winter. It is ranked low in all attributes

except protein during spring and summer. Supposing that,

taking its high digestibility into account, it is the
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best source of protein during spring and summer, and that
the protein need is the most important over that period,
its seasonal pattern of use seems reasonable. It seems
more important overall in the diet than one would expect,

though.

Water

Water is another nutrient known to be important to jack-

rabbits. A1l workers on jackrabbit diets agree that they

select for "succulence" (Hansen and Flinders, 1969). The animal
is quite small (ca 2 kg in weight) so that its heat load is large.
[t does not shelter underground from radiation. Thus, its thermo-
regulation has been a matter of great interest (Schmidt-Nielsen,
1964; Schmidt-Nielsen et al., 1965; Porter and Gates, 1969; Wathen
et al., 1971). It must be solving its heat problem by evaporating

water, which it obtains only from food.

In order to study quantitatively the needs of a jackrabbit
for water, I built a simulation model. The program, named
RABWAT, written in PL/I, is given in Appendix B. This
model carries out the following calculations. It reads
24-hy maximum and minimum air temperatures for a series of
days. It predicts the hourly course of air-temperature

during each day by drawing a sine curve through the maximum

and minimum. It takes 12 temperatures (at 2 hr intervals)

from this curve, and uses them as independent variables
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in the function shown in Figure 20, which is taken from
Figure 4 of Schmidt-Nielsen et al. (1965). By this means,
an estimate of the total evaporative loss over the 24-hr
period from a jackrabbit of 2100 gm body weight (Stoddart
1972) is obtained. To this a water loss in urine and feces,
arbitrarily set at 6 gm/day, is added. The model then computes
the mean daily water 1oss per week.

Next, the model estimates the daily dry-matter intake
of the jackrabbit for the date under consideration. This
is done by linear interpolation between the three values
reported by Currie and Goodwin (1966) (97 gm at the beginning
of September, 111 gm around December 20, and 61 gm around
May 10). The production of metabolic water is estimated as
4 times the dry-matter intake. (This is obtained from
12 ml HZO per kcal of digested energy (Brody 1945), times
4 kcal per gm dry matter, times an unknown digestion
coefficient, estimated conservatively high at .8). Metabolic
water is subtracted from the water expense as computed above.
Then the net water expenditure 1is expressed as a percentage
of the dry-matter intake. This gives a figure for the water
content, as a percentage of dry weight, which the jackrabbit
would require in its food in order to remain in water balance.

The values obtained by running the model with 1970

temperature data from the Snowville, Utah weather station




P
o
—

Y WEIGHT PER HO

L
=3
O
=
L-LJI
0 il
2,

&
— 1
o
=
=
Fiagure

19

g .////.

i .,,,_,f-——~o*”“‘°’//’

0 10 20 50 40 5
AIR TEMPERATURE (°C)

50 . Function relating rate of water loss to air

temperature for jackrabbits used in the model

RABWAT (see text).
internpolation between the points shown.

from Schmidt-Nielsen et al.

Values obtained by linear
Taken

(1965).




80

are plotted in Figure 21. Data for seasonal variation in
water content of plants found in Curlew Valley are plotted
on tne same figure. Moisture content of the leaves of

Furotia lanata and of Atriplex confertifo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>