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ABSTRACT
A study of interactions between pronghorn antelope (4Ancileearra
anericana/ and feral horses (Zguus ezballus) was conducted during two
summers at the Sheldon Antelope Range in northwestern Hevada. Visual
observations were used to determine watering and foraging interactions
and fecal analysis was performed to determine diet overlap. A total of
142 measurable instances of Qatering were recorded and analyzed to deter-
mine iT the juxtaposition of horses affectad anteiope drinking and loafing
times. MNumerous grazing and meeting situations betwean the two species
were observed to determine if either interfered with the activities of
the other. Results indicated a2 lack of interferencs competition between
antelope and horses at water or under grzzing or moving situations. o
acts of aggression were observed between the species. There was some
svidence of a degree of symbiotic reiationship existing petween them.
Feczi analysis indicated dietary overiap of approximately 12.8 percent,
with pnicx (Phlcs aocodii), the second most abundant ford in the study
area, being the oniy plant species to contribute over Tive percent to

each species' diet.
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INTRODUCTION

The ever-increasing human population of the United Statss nas,
without doubt, had 2 detrimental effect on wildlife popuiations. Humans
nave appropriated for their own use that land which they desired. These
actions have resuitad in decreased guantity and quality of natural
nabitat for wildlife, especially the larger or less human-tolerant
species.

The pronghorn antelope (Antiloczrra cmericanz) iS one species whose
population has been greatly affected by human expansion. Nelson (1325)
estimated that there were 35 million proﬁghorn in North America in 130S.
During the next century, this pooulation decreased to some 13,000 (Hoover
et al. 1953). From that low point, the popuiation increased to an
estimated 385,500 by 1964 (Yoakum 1372).

Proper management of this remnant nerd of a once enormous poouiation
is necessary if the anteiope is to remain an important large game animal.
The resource manager must have all available information concerning the
ecoiogy of the prongnorn, inciuding its interactions with other unculates,
in order to accomplish this required management. It is the intent of
this paper to report the results of a study of interactions between
oronghorn antalope and feral horses (Zcuws =2zfclius) during the summer
months in a sagebrush-bunchgrass community in northwestern ilevada.

The term "feral" is used in preference to the term "wild" because
the wild horse became extinct in North America by the end of the
Pleistocene epoch ana did not apnear again until reintroduced by ezrily

Scanish colonists (Hickman and Hickman 1872). From this reintroduction,

-+

the population of Fferal horses has grown t0 numpers in excess ©

89,300,




primariily in the western United'States (Monroe 1877). This growing
pooulation of horses is a factor that must be considered bv western
rangeland managers (Cook 1975).

it is, therefore, my desire that this study will contribute to our
knowiedge of both pronghorn and horses and their intsractions. Should

this be the case, it will serve as a management tool for those resource

managers operating in the intermountain sagebrush-bunchgrass biome.




LITERATURE REVIEW

The food habits of pronchorn have been well documented for the
sagebrusn-bunchgrass vegetative community. Ferrel and Leach (1850 and
1952) analyzed stomach contents of 83 antelope taken in California
during spring, fali, and winter. They reportsd that browse, principally
big sagebrush (4rcemisic iridenzarz), made up the bulk of the spring and
winter diet, while forbs comprised over half of the fall diet. Mason
(1952), in studying thé Hart Mountain, Oregon antelope, found the most
important year-round Tfood source to be sagebrush with forbs contributing
heavily to the diet during the summer moﬁths. In their study of food
preference of penned antelope in Wyoming's Red Desert, Severson and May
(1967) found the most important summer foods to be Douglas rabbitbrush
(Chryscthammus visciliiflcrus) and big sagebrush. Olsen and Hansen (1877)
Tound that sagebrush was the most important food source fTor prongnorn
and that diet diversity increased auring tne summer. The Qlsen and
Hansen study provides the only available reference to diet overilap
between anteiope and teral norses in the sagebrush-buncnorass community.

They renorted an extremely small similarity (4 = 4%) in the diets of

———y

these two species. This observation is supported by a study in the c¢oid

desert region of eastern llevada, where tiRe Bureau of Land Management

found the summer diet of feral horses was composed of 82 percent crasseas,

- while the pronghorn's diet was 95 percent shrubs and forps (G. W. Croopoer,

pers. comm.). It appears that 1ittie overiap of diets is to be .-expected
in areas with plentiful resources, but in areas with a limited food

supply, this overlap might be considerzbie. Hansen (1876) reportad that

<the mest important food plant for feral horses in southern New Mexico was




Russian thistle (Szclsciz xzl:<). This testifies to the survivability of
the Teral horse. His New Mexico study also showed the lowest percentage
(50%) of grasses and grass-like plants that he had observed in horse
diets from six states. On the other nand, only two studies could be
located which reported grasses in excess of five percent of an antelope's
diet (Hjersman and Yoakum 1959, Mitchell and Smoiiak 1971). This, too,
would indicate a lack of serious diet overiap under conditions of forage
plentitude. Daily forage requirements for antelope and horses have been
reported as 3.1 and 2.5 percent of total body weight respectively
(Stoddard and Smith 1955, Thomas 1974). .Average weights were estimated
at 410 kg for horses (G. Cropper, pers. comm.) and 45 kg for antelope
(Pyshcra 1977). Based on these estimates, the daily forage requirements
were 10.25 kg for horses and 1.395 kg for antelope.

Little has been reported on watsr reguirements of either antelicpe or

eral herses. Bezle and Smith (1970) found that the pronghorn of westarn
Utah did not use Tree water when the moisture content of abundant forbs
sxceeded 75 percant. However, during the not, dry summer, the daily

requirements averaged 2.8 liters per animal. In a similar study in

Wyoming, Sundstrom (1963) reported daily water requirements varied from

Q.3 liters per day in May to 4.5 liters per day in August. However,

neither study reported on drinking frequency. Water reguirements of a

domestic 454 kg horse vary from 15 to 57 liters per day depending on

ambient temperature, activity, and reproductive condition {Zvans et al.
1877). It was also recommended that horses be watered frequently during

earini (1971) reported that ferzl norses in Mineral County,

verv other night and remained at the watar nhole all niant.
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However, the U.S. Forest Servics was able to inventory feral horses in
eastern Nevada by time-lapss photograpny of water holes during the day
(Baxter 1677). This was an indicaticn that these animais also water
during daylight hours. A thorougn literature search failed to reveal
any information on interactions between antelope and feral norses in
either grazing or watering situations.

The primary aim of this paper js to report any competition that
exists betwean antzlope and feral horses in the Charies Sheldon Antelope
Range. The definition of interspecific competition preferred by this
author is that used by Miller (1967&6):. "Biological competition is the
active demand by members of two or more species at the same trophic ievel
for a common resource or reguirement that is actuazlly or potentially
Timiting." This definition has been expanded to include, in part, that
of Qrebs (1272:211) who stated that “. . . i¥ the rescurces arz not in
short suocply, competition occurs wnen the organisms seeking the resource
nevertheless harm one or other in the process." Comoetition which exists
Tor a 1imited resource is termed exploitation competition, and an inter-
ference component exists when organisms harm one another in sesking a
nesded resources, regardless of its avai?abiﬁity (Krebs 13972).

The exploitation component of competition for food resources can be
determined, with reservations, by comparing dietary overlap of svmpatric
species toc the availability of the relevant foodstuffs. Hansen and

Ueckert (1970:640) stated, "The contribution of individual plant species

to the diets of sympatric nerbivores and the availability of these olants
are esse

Cody (1%74) stzted that the mere anzliysis of stomach contents can give an

ntial criteria for detsrmining i dietary competition exists.”




extremaly biased picture of the ecclegical overlap between species. This
could be true were stomach contents used for analyzing the overlap of
diets between two species with different feeding habits or areas. Tnis
would mean that each was obtaining food not available to the other and,
recardless of the degree of overlap, competition would not exist. This
shouid not be the case wnere the two species under consideration were
large terrestrial herbivores feeding in the same general area, and where
sampies used were composited from 15 or more fecal subsamples.

Several methods are availabie for collecting data for determination
of an herbivore's diet: direct observation, fistulation of either
esophagus c¢r stomach, stomach removal, and feces collection. When
dealing with a free-roaming large herbivore popuiation, facal analysis
may be the most feasible method.

Jdirect observatidn wouid reguire the ability to observe from
extremeiy close ranges, or an estimation of how much of 2 certain riant
was removed by an animal and whicnh animal took it, should more than one
species be present. Fistulation would require excessive nandling of wild
animals to the point that the animal would be tame rather than wild.
Analysis of stomach contents would be destructive sampiing that would
require the sacrifice of animals. These drawbacks would be eliminated
through the use of fecal analysis, & method t%at requires nothing more
than that material the animal no longer needs.

A microscopic technique for identifyving plants saten by herbivores

was deveioped by Baumgartner and Martin (123%). This technique has been

refined and used to study food habits of domestic sheep (Crokesr 12€2),

cuokkas (Storr 1360), ground sauirrels, crickets and grasshoopers




(Hansen and Ueckert 1970), bighorn sheep (%odd and Hansen 19723), meadow
voles (Neal et al. 1973), deer (Anthony and Smith 1974), free-roaming
horses (Hansen 1976), free-roaming horses, cattle, elk, sheen-and
pronghorns (Olsen and Hansen 1977), and snowshoe hares (YWolff 1978).
numerous verification studies of the accuracy of fecal anaiysis have
been performed (Sparks and Malechek 1968, Free et al. 1970, Anthony and
Smith 1974, Dearden et. al. 1975, Vavra et al. 1978, Havstad and Donar<
1978). These studies have renorted thzt the microscopic analysis of
Teces provides an accurate representation of herbivore diet. Westoby L
et al. (1976) reported on three problems_identffied in their study of
the accuracy of quantifying artificially compounded mixtures of vegetative
material. These problems were: (1) wrong name appiied to all #ragments
of one material, (2) attempt and failure to name material which was not
reliebly identifiable, (3) miss material aitogether. These problems
cannot be eliminated but their effect could be reducsd. Coliecting
reference material during the same time period that fe2cal samples were
collected would reduce errors due to phenological stage. Constant
referral to photomicrograpns and reference slides would reduce mis-
jidentification. Rare piants may be missed during analysis, but this
,Should not negate the results since their contribution to either diet
would be negligible.

Schroder and Rosenzweig (1975:16) stated, "The only necassary and
sutTicient means of demonstrating the existence of competition between
two species is to obgerve the numerical responses oT the presumed

competitiors to perturbation of one or both soecies." Although

Derturbation anaiysis snouid show competition, it ig felt that the




inclusion of the word omly is excessively restrictive. The interference
component could be ascertained, although possibly not quantified, by
observation of the interaction between two species for a limited
resource, i.e., food or water. Dietary overlap for a limited food item
should indicate the expioitation component of competition. Additionally,

perturpation analysis would be difficult, if not impossible, for studying

competition between large, long-1ived mammals existing on public domain.




STUDY AREA

The Charles Sheldon Antelope Range (Fig. 1) was established in 1339
for the purpose of preserving, studying and managing prongnorn anteiope
and other wildlife species (U.S. Dept. of the Interior 1969). This range
contains over one-half million acres and supports a stabie pronghorn
population of approximately 800 animals (B. Wiseman, pers. comm.).

The study area was located in the northwestern portion of the
Sheidon Antelope Range, approximately 270 km north cf Reno, Nevada.
There were an estimated 100 antelope and 115 horses in this area during
1877. The 1978 populations were estimated at 85 antelope and 195 horses.
The study arez consisted of approximately 40 square kilometers of North
Rock Springs Table, known as Horse Heaven (Fig. 1). It was rolling
country broken by an occasional vaTTey. Elevations ranged from 1,890 m
in the northwest to 2,010 m at the summit of a north-soutn ridge wnicn
bisectad the area.

Average temperaturss during the summer months of 1977 and 13978

(Tabie 1) were characterized by high daytime and low nighttime readings.

Table 1. Average temperatures (C) in the study area.

1977 1378
Hign Low rdigh Low
June - 4.0 21.6 -0.3
July 2.2 3.4 27.4 2.9
August oy 3.4 25.8 G

The differential between highs and lTows excseded 20 C for each of the six

summer months monitored. The average annual precipitation for the past
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ten years has been 19.5 cm, varying from 14.3 to 30.82 cm per year. Total
precipitation was 15.9 cm during 1977 and 27.6 cm for 1978.

The study area was locatad within the sagebrusn and bunchgrass major
nlant community cof North America (Kuchler 1364). VYoakum (1972) estimatad
that 27 percent of North America's pronghorn antelope occupy this
vegetative type. The dominant vegetation consisted of low sagebrush

(Arzemisic arbusculc) and Sandberg bluegrass (Pozc sancoerz<i,. Humerous
patches of big sagebrush occurred throughout the study area. Forbs were
plentiful but tended to be patchy in distribution and some species failed
to set seed during the summer of 1877. :

The soil of the study area was of the order Aridisols, suborder
argids. The parent material was predominantly basait residuum with some
admixture of tuffaceous alluvium (Soil Conservation Service 1870).
Scatizred throughout Horse Heaven were small areas of moliisols. Recent
deposits of rnyolite or pasa]t were laid over old lake sediments. The
surtace was rock covered and water runotf was rapid.

Tne water situation in the study area, was adequate TO provide Tor
the needs of the resident wildlife population. A1l water was coliected
from runofT in either natural or man-improved cachments. Fig. 1 portrays
the relative location of the four watering places that existed during a
good water year. Water hole number 1 was the preferred water hole and
received heavy use by both feral horses and antelope unti! it dried up
{July 6, 1977 and August 1, 1578). This was a natural cachment and was
the most distant frcﬁ roads and human activity. Water hoie number 2

consisted of one man-improved and two natural cachaments. These water

Ly
|

noies received iittle antelope and no horse activity until water nols




number 1 dried up and the horses moved to the west in late summer. These
water holes dried up in mid-Juiy, 1877, and contained water all summer,
1678. Water hole number 3 was a man-improved cachment and received
1ittle activity before number 2 dried up, but the bulk of horse and
antelope activity, after this. This water nole heid sufficient water to
meet the needs throughout both summers. Water hole number 4 was a small
natural cachment that contained no water in 1977 but had water until mid-
July 1978. Some antelope used this water, but no evidence of horse use
couid be found.

Other ungulates that used this area were muie deer (COcoccileus
nemionus) and domestic cattle (3cs tawrus). Deer used the area fTrequently
for water and less so for browsing ?]ong the bluff edges. Suitable deer
habitat, but with less water, existed to the east and scuth of the study

area. Livestock grazing was not permitted during 1977, but approximataly

250 cattie were in the study area during portions of the summer of 1973.




METHODS AND MATERIALS

Based on available information on lccation of feral horse and
anteiope usage, six agronomy cages were positioned on May 29 and 30,
1977. Four cages were located on Round Mountain and two in Horse Heaven.
These cages, each 2.5 by & m, were used in an attempt to predict forage
production within the study area. At the end of the growing season ¥or
each forage type, ground cover was determined for each plant which was
totally within the exclosure and current year's growth was removed.
Plant diameter was determined by measuring the longest and shortest

iameter of the plant and averaging these values. Crown diameter was

determined for shrup and forb species and basal diameter Tor grasses.
Vegetative ciippings were placad in paper bags and allowed to air dry
for @ minimum of two months prior to weighing. Current vear's growth
wes weigned to the nearest one-tenth gram. C(Covariance and reqression
anaivsis were used to determine whether plant diameters ccuid be used to
oredict production. This type of analysis was deemed appropriate because
the parameter meésured was aftfected little.by grazing activity.

Vegetative data for the study area was obtained Trom 30 systematically
located 0.5 by 20 m strip transects during July 1977. Transects were
locatad without regard to vegetative type. The only areas excluded from
sampling were bluff faces. In the two cases where this affected sampling,
the piot was dispiaced to the nearest location that eliminated the
obstacie. All piants whose measured component Fell totzlly or partially
within a transect we;e inciuded in the survey. Crown diameter and the
sestimatad percentage of the crown within the piot were recorded for zll

snrubs and fords Dy species. Basal dizmeter and the percantage within




the piot were recorded for all grass species. A computer .program,
SHELM1, was written and used to obtain percent cover and density for all
species oT vegetation within each study plot.

Fecal samples for diet comparison were collected during the latter
phases of vegetative sampling. These samples were collected in the
vicinify of the only water hole within the study arez that still contained
water. Anteiope feces were coliected from animals observed defecating,
to preciude the possibility of including feces from mule deer that
frequented the area. Subsamples weighing about 4 g each were collected
Trom separate Tecal groups untii 20 subsémpies were obtained for each
species. The subsamples were then combined by species to form the sample
for analysis. Anthony and Smith (1974) reported that subsampies from 15
pellet groups wers adequate to describe deer diets in Arizona. Samples
were placed in airtight plastic bags and kept frozen until Tinal
preparation for analysis.

Specimens of all known plant species in the study area were
coilected for identification and preparztion of reference slides. Plants
were identified by the use of Munz (1968) and Hitchcock et al. (1955-69)
and verified, where possible, by comparison with known specimens in the
Hevada Agricultural Experiment Station Herbarium. Detaziled instructions
for reference slide preparation are outlined in Appendix A. These
reference slides were studied in detail for aoﬁroximate1y two weeks and
black-and-whits photomicrographs were made of diagnostic characteristics.
This detziled study Qas followed by the preparation of a dichotomous kay
based on characteristics of the 1§af portion of the plants (Apoendix 8).

The leaves of crasses were tound by Davies (1952) {0 have the greatast




diagnostic vaiue, due to leaf ceil structure not being greatly affected
by phenological stage of the plant. The lack of a key for all plant
parts did require additional effort when analyzing feces, but the time
spent was less than that required for the preparation of additional keys.

The next step in the Tearning process was the guantification of
unknown mixtures of plants from the study area. A fellow graduate
student prepared these mixtures in quantity. Continued work with test
mixtures increased the writer's knowledge of the plants involved until
test mixtures were repeatedly analyzed within five percent accuracy.

This accuracy is considered sufficient by the Colorado State University
Composition Analysis Laboratory (R. M. Hansen, pers. comm.).

Microscope slides of fecal material were prepared as ocutliined in
Appendix A. Fecal analysis was performed by poting species occurrence in
20 systematically located fields on each of five slides for a total of
100 fields. One hundred fields have been reportad as adequate to describe
an herpivore's diet (Martin 1953, Sparks and Malechek 1968, rFree et al.
1970, Todd and Hansen 1973). The contribution of each plant species to
an nerbivore's diet was determined using the freguency conversion
technique developed by Sparks and Malechek (1968). In this technique,
the presence of & species in a microscope field is noted, but the number
of such fragments is disregarded. This frequency is then converted to
relative density using the tables developed by Fracker and Brischie (1944).
Sparks and Ma]echek.(1968) reported no loss in accuracy using this method,
as compared with counting all fragments of all species appearing in each
Tield.

Correction factors for any over- or under-estimation of soecies




contained in hand-compounded mixtures have been developed (Dearden et al.
(1975). Such correction factors were not applied in this study because
Hansen (R. M. Hansen, pers. comm.) stated that the increased work load
does not justify the slight increase in accuracy.

Data concerning antelope-horse interaction at water holes was
collected by observation through a 15X-45X spotting scope. Each
observation of antelope watering was recorded by time of day, number of
antelope, drinking time, loafing time, number of horses and their
distance from the water. Anteiope were identified as male, female, or
kid. Drinking time was determined by timing, with a 0.1-second stop
watch, the amount of time that an antelope remained in a drinking pcsture
at the water. Drinking posture was defined as head over the water and
body perpendicular to the water's edgé. Small periods of surveillance by
the animal were not deducted from drinking time. Loafing time consistesd
of all time the antalope remained in the vicinity of the watar, less
drinking time, prior to obvious departure behavior. When actually
departing the vicinity of the water hoie, an antelope usually acted as
though it had a destination in mind, that is, it moved off without
hesitation or loitering. Tnis procedure was modified for a period
during the summer of 1878 <o include cattle when they weres present in the
study area. This data was analyzed using analysis of covariance and
regression to determine if horse proximity had an effect on antelope use
of water.

A second method of data collection on water hole interacticns was

attempted. This method entailed the use of & Minoitz movie camera with

time-lapse capability, similar to that used by the U.S. Forest Servica in
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eastern Nevada (Baxter 1377). This camera was implaced in the vicinity
of the water hole and adjusted £o expose one frame per minute. The
desire was to photograph all animals watering during daylight so that a
customer 1ist could be developed. Also, any interactions wouid be
recorded on fiim as verification for visual observation. This method
did work as expected for horses and in many cases, allowed for band
identification. Due however to the small size and coloraticn of antelope
and the physical layout of the water holes, the system photographed far
too few-antelope (many less than visudlly observed) to be of any value.
Since this method of data collection was considered a failure, it will
not be further dﬁscuésed in this paper.

During the early phases of this study, ai11 observations of horse-
antelcope interactions during grazing or movement were recorded 2s to
number of antalope, number of horses and a description oF the interaction.
After 30 such cbservations, with the resuits never varying, it was decicea
t0 define & normal behavior pattern and record only those incidents that
appeared unusual. The normal was considered to be that the antelope
would cive way to horses, usually keeping a distance of aporoximately
ten m between the two species. One exception to this was in the case of
a stud fight, when a1l animals, horse and antelope alike, scattered.

This portion of the study will be discussed qualitatively rather thean
guantitatively later in this paper.

Standard statistical procedures were used to analyze all data

w

(Snedecor and Cochran 1876). Statistical significance was accented at

the 25 nercent level of assurancs uniess ctherwise noted.
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RESULTS AMD DISCUSSICNM

The agronomy cages failed to produce the desired results. They had
been positioned, by necessity, prior to summer dispersion of feral norses.
Tne horses were concentratad in one large nherd on the flat area between
Round Mountain and Horse Heaven. Antelope were scattered throughout the
study area. When the horses did disperse, they 211 moved east to Horse
Heaven and'remained there during the summer. As a result of this
movement, this study was concentrated on lorse ileaven and conseguently,
only two agronomy cages were in the actual study area. ‘Despite this, 31l
six cages were treated as projected and ﬁateriaT clipped and weighed.

rifteen piant species were identified within the agronomy canes’
whiie a total of 54 species of vegetation were found within the study
arez as a wnote (Table 2). Only five species were found in numbers
sufTicient Tor further analysis. An analysis of covariance perTormed on
availabie data showed that & significant difference existed in tne
diameter to oroduction relationship between cages Tor low sageprush, and

Thuroer's neediegrass (Stiva churberitana,.  _Sandberg dluearass,

saquirreltail (Sitanion husiriz), and sand wort (Arenmcria srp.,) were

essentially uniform throughout, but were of 1ittle value because they
plaved an insignificant role in diet overlap, as determined by fecal
analysis. The agronomy cages failed to reveal! the true species
diversity of the study area due to inadequate sampiing. Tnis Tact
noints cut the necsssity that production sampling methods closaiy

parallel or be an integral part of other vegetative sampiing procadures.

<

egetative sampling by transect was designed to be used with the

data coilected Trom the agronomy cages to predict {orage productiecn.




Table 2. Vegelalional characleristics of the study area.

Common Name

(Seientific Name) O req.

Shrubs
L.ow sagebrush
(Avtemiaia avbuscula)

98

Big sagebrush
(A, tridentata)

11

Mounlain mahogany
(Covvocarpus ledifoliue)

TwisLtleaf rabbithrush
(Chreysothammus viscidiflovus)

64

Biltevbrush
(Puvshia tridentata)

10

Snowherry
(Symphovicavpos pavishii)

Grey horsebrush
(Tetradymia canescens)

Tolals

Forbs
lestlern yarrow
(Achillca millefol ium)
Mountain dandel ion
(Agoneris spp.)
Wild onion
(Alliwm spp.)
Pussyloes
(Antennaria spp.)

d
2
d
d

= bCoveI;
Percent ©C.lI.

Density

Fiant?ﬁ?v. .1,

21.2 12.43
3.6 13,11
2.9 11.07
1.6 12.34
0.1 - 10,25
0.1 10.15

29.5 14,11

e p—

3.28

0.07

0.69
0.01
0.002
0.01
4.06

0.01

10.433

10.022

- 10.263
10.015
10.004
10.015

10.465

10.024




Table 3. Continued.

Conmon Hame ' beover il Density
(Seientific Name) Mreq. Percent “C.I. Plant/m2 o 2

Rock cress

(Avabis spp.) 50 e -- 0.10 10.047
Sand worl

(Avenavia aspp.) 60 0.4 10.15 . 1.01 10.735
Asler

(Aster scopul ovum) : 12 0.2 10.12 0.76 10.445
Hoolypod locoweed

(Astragalus purshit) 22 e -- 0.14 10.157
Locoveed

(A, spp.) : 24 0.1 10.07 0.18 10.119
Balsamrool

(Bal samovhi za spp., ) 70 0.8 0.0 0.82 10.330
Paint brush ‘

(Castilleja spp.) S { & -- 0.01 10). 007
Goosefool

(Chenopodiwn vabirm) d
Tansey imstard

(Descadnia pimata) d
Austin's daisy

(Ladgeron austinae) b e -- 0.02 10.040
I'leabane .

(k. bloomervi) 66 0.1 10).06 0.89 10.449
Hild buckwheat

(Eviogomen Latens) 60 0.3 10.13 0.27 . 106
Hild buckwheat

(. microthecinm) 22 0.2 10.12 0.10 10.004

Wild buckvheal
(L. spp.) i 0.1 10.20 0.02 10,021




Tahle 3.

Continued

Coumon Hame
(Sceienlifice Nam:)

Gireen genlian

(Fraseva spp. )
Stemless goldenweed
(Hap lopappus acaulia)
Iris

(lvig misvouriensis)
Peppergrass

(Lepidiwn pevfoliatim)
Prickley gilia

(Leptodactylon pungens)
Lupine

(Lupinus spp, )

Lvening primose

(Ocnotherva tanacetifolia)
Hounds - tonque

(Penslemon specioss)
Beard-tongue

(r. spp.)
Phlox

(Philox hoodit)
Cinquefoil

(Cotentilla wypp.)
Dock

(Kwmex spp.)
Dandelion

(Tavawacum of 'leinale)
Clover

(1vd Jol L macvocepholum)

nen§1}y
Freq. Percent “C.1I. Plant/m? €. I

6 e -- 0.02 10.028
24 0.2 10.1 0.16 10.098
d

d

14 0.2 10.19 0.11 10,112
20 0.6 10,52 0.50 10.483
d

d

G e -- 0.19 10.268
/) 0.6 10.25 1.04 10.535
d

d

d

2 e -- 0.06 10.129

| 2




Table 3. Continued.

Conmon Name

(Seientific Nam:)

Death camus
(Zigadenus ospp.)
Ftmknown forbs

Totals

firass and Grass-Like

Bluebunch whealgrass

(Agrvopyvon apicatn)
Chealqgrass

(Bromus tectorum)
Sedye

(Carea spp.)
Greal Basin wildrye

(lpaus cinerens)
Idaho fescue

(Festuca tdahoensia)
Meadow barley

(Hovdewa brachyantherum)
Foxtail barley

(. jubalum)
Wiregrass

(duncus spp. )
Juneyrass

(Kocleria evistata)
Hal muhly

(Ml enbergia vichavdsonds)

bCover Density
“ Freq. Percent ©C.1I. Plant/m?2 c.1.
d
q e -- 0.01 10.017
3.8 10.65 7.23 t]1.799
16 0.1 10.08 0.07 10,064
4 e -~ - -
d
d
d
d
24 0.1 10.08 0.30 10.34)
: :
Z e - 0.02 -
d

- -




Table 3. Continued

Common Hame

e oo Densify. S
(Seientifie Nome) req. Percent  ©C.T, Plant/m2 1 4
Sandberg bluegrass
(Loa sandbergit) 96 1.7 10.33 6.20 10.957
Squirreltail
Sitanion hysitviz) 90 0.3 10.09 1.39 - 10.371
Thwrbers needlegrass
~ (Stipa thurberiana) 20 0.2 10.13 0.22 10,159
PUnknown grass 58 0.2 10.08 1.01 10.491
Tolals 2.5 10.38 9.29 t1.237
Grand lotals 35.8 14,32 20.58 12.310

Mot size: 10 m? (0.5 x 20 m).

bCrown cover for shrubs and forbs, basal cover for grasses,
“Confidence Interval (P < .05).

dSpecies was not recorded in sample plot.

“Cover less than 0.05 percent.

"nknown plants either grazed too low or were Loo weathered

for identificalion.




The sampling process was laborious and time-consuming and, with the
failure oT the cages to produce usable results, did not produce the
desired estimates of forage production. It did, however, allow for the
estimation of percent cover and density (Table 2).

The total vegetative cover (basal for grass plus crown for snrubs
and forbs) was estimated to be 35.8 = 4.32 percent with the bulk of this
coming from low sagebrush at 21.2 = 2.43 percent. OQther shrubs
contributed lesser amounts for a total shrub crown cover of 292.5 = 4.11
percent and a density of 4.06 = 0.465 plants per square meter. Total
forb crown cover was 3.8 = 0.65 percent with no species contributing in

excess of one percent. The forb density was much higher than shrubs at

7.23 = 1.7%4 plants per sguare meter with sand wort and phiox (Fhlez
noocii) beina the two major contributors. Grasses provided less ground
cover (2.5 = 0.38%) than the other plant groups but grass censity was

greatast with & 9.29 = 1.237 plants per square meter. By far the most

common piant in the study area was Sandberg bluegrass with over six
piants per sguare meter. This was the only piant, other than sagebrush
and rabbitbrush, that contributed ground cover in excess of one per:ént.
This agrass, however, receives 1ittle if any, summer use due to its early
maturation. As gan be seen from the species 1ist (Table 2), the study
area produced a nignly diverse and relatively dense (20.58 = 2.310 plants
per square meter) vegetative communi ty.

The patchy nature c¢T the vegetatidn is evident when sxamining the
freguency of plant aﬁpearance. Three species were recorded in only one

plot, wnile only nine species appeared in over one-halif of the plots.

The number ¢of individual plants appearing in the 10 scuars meter piots




varied from 100 to 458. Those plots with few plants were generaliy in
the more fertile areas with larger plants, while the high density plots
were usually those with poor soil and an 2bundance of small desert
adapted plants such as bluegrass, sand wort, and phlox.

There were plant specimens collected in the study area that did not
appear in a plot and would, therefore, be considered rare. Some of these
rare plants were used by horses or antelope, as subsequent fecal analysis
indicated. This fact i1lustrated the difficulty of obtaining complete
information while working with populations of free-roaming animals
covering a relatively large area. [t was evident that pockets of certain
types of vegetation were missed during the sampiing process. The study
area was selected based on use during daylight hours; therefore, it is
quite possible that the study animals grazed outside‘the designated study
arez during the hours of darkness. It is felt that this does not
invalidate the study because none of these rare piants contributed
significantly (over 5%) to either herpivore's diet.

Fecal analysis indicated a wide range'of plant species taken by
both feral norses and pronghorn antelope (Table 3). Each herbivore
species, however, appeared to have certain pliant species that it preferred.

In the case of the pronghorn, the combination of western yarrow (icshilizc

millefcliwn), Austin's daisy (Zrigerom zusvinze), and cinguefoql

(Posemzilla syr.) made up 17.3 = 2.27 percent of diet, while only & trace

{(less than 0.05% cover) of these species weres found in the vegestative
sampiing. This indicated that these plants were nighly preferred during

”

July, 1977. BSluebunch wheatgrass (igrszyron spiczsum) and Thurber's

needlegrass maae up 37.8 = 10.32 percent of the ferzl horse diet, whiie




Table 3.

diets in northwestasrn iHevada, July, 1877.

Botanical composition of feral horse and prongnorn antelope

Species

Diet Composition
(Percent = Confidence Intsrvai)

Antelope

Horse

Shrubs
Artemisic STD.
Chrysochamus viseidiilorus
Fursnig Tridentssa
Symohoricarpos rarisnic
Totals

Forbs
Aenitliez millefolium
Arenaric sop.
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grazing on rabbitbrush but horses were never observed using this shrub.
The other two species under discussion here, Austin's daisy and prickley
gilia (Lerzoczstyion rungens), are both low growing plants making direct
observation‘of grazing virtuaily impossibie. The fact that antalope and
horses used Austin's daisy, when it was rare, indicated that it was an
actively sought after plant by both species. This was an indication of
potential competition, but should not be weighed too heavily sinca the
slight use by horses is not exceptionally precise. Prickley gilia was
more common and did not contribute significantly to either species' diet
and should therefore not be considered as a source of serious competition.

Tne two diets were compared by two statistical methods, Spearman's
rank correiation coefficient (r ) (Snedecor and Cochran 1976) and
Kuicyzenski's similarity index (SI) (Qosting 19%56). The results of
neither of these methods shouid be taken as absolute values. Rather,
these values are indicators of diet similarity or dissimilarity and as
such shouid be mutually supportive in nature.

Spearman's r. is computed using the formula:

_ g 22
n(n® = 1)

r¢ = 1
where d is the diffeéence in ranks between the paired observations and
n is the number of paired cbservations. The rank correlation can range
from =1 to -1, compiete concordance to complete discordance. This is the
most widely used measure of diet overlan. Iis use in this case mayv
thersfors enable thié experiment to be compared with Tike stucies and
‘end supoort to later findings.

The result of the computation in this study is r. = =0.327. This

w

indjcates some aegree coT discordancs. The diets are statisticaily
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the total cover of the two species was oniy 0.3 = 0.21 percent. This
again indicated highiy preferred forage soecies. Dufing vegetative
sampiing, it was difficult to find neeHIegrass that had not been grazad
excent wnere protected by other vegetation. This latter observation
indicated to this author that norses may be reluctant to force their way
into sagebrush plants to obtain grass when other forage is more readily

available.

There were 23 different plant species identified in antelope feces

and 22 species in horse feces. A comparison of plant growth forms

utilized by the two herbivores displaved the divergent preferences.

Snrubs contributed 43.7 = 5.23 percent to the antelope diet wnile only

1.5 = 1.23 percent to that of the horse. Grasses were just the opposite,

with the horse diet being 75.6 = 4.42 percegt qrass, while the antelope

used only 2.5 = 2.63 percent grass. Fords contributed significantly to

both diets, comprising £3.5 = 6.15 percent of antelope and 23.0 = %.37

percent of horse diets.

Fecal analysis revealed that 12 plant species were taken to some
degree by both horses and antelope (Table 3). It must be noted,
however, that of theses 12, only pniox contributed significantiy (5% or
more) to both herbivore diets. This plant was the second most abundant
fordb available (1.04 = 0.33% plants per sguare meter) within the study
arez and was in full bloom during the period that the Tecal sampies were
¢2ilected. Three other plant species contributed over one percent to the
diet of both nerdivore species. Rabbitbrush use by antslope (14.0 = 2.71%)
was an exoected result, but the horse use (1.3 = 1.18%) of this shrub wes

nct confirmed Sy visual ocservation. Antsliope were frsguently observed
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different (P € .10) which is consistent with the relatively small diet
overlap discussed above and guantified below.

Kuleyzenski's similarity index (SI) was used to compute the amount
of overlap that existed between the diets of horses and antelope. It is

computed using the formula:

e A
SI vy

wnere W is the lesser percentage of @ food species in the diets being
compared and a + b is the sum of the percentages of that species in both
diets. The results of this analysis showed that there was a 12.78
percent overiao between feral horses and pronghorn antelope in the study
area during July 15877. The subject species shared that percentage of the
total forage selected. This index is, of course, valid only for the
location and conditions that existed 2t the time the sample was taken.

An extension of Kulcyzenski's index wnich may be used as a management
tooi is that developed by Sazama (1975), which estimates forzae made
available to a herdbivore by removal of another nerbivore from the range.

This orocedure uses the formula:

wnere DU’,,1 is the increased days-use of forage made available to herbivore
species A, DMIR is the daily dry matter intake rate of herbivore species
R removed from the ranage, DMIA is the daily dry mattar intake rate of
nerbivore A, and SI is Kuicyzenski's similarity index. Average weights
were estimated at 470 kg for horses and 45 kg for anteliope. Computations

basea on the above assumptions indicate that the removal of one horse

ck

-~

f¥icient for C.S32 or

-—

would make additional forage availab

Bl

| =



approximateiyv one antelope.

This information would be valid oniy Tor the location and conditions
thet existed during the summer of 1977. Because this conversion number
is site specific, it would be of considerable value to resource managers
to have like conversions available to them for various sites and
conditions under their control. A more common practice is to transform
antalope numbers into Animal Unit Months and apply this calculation to
vast areas under all conditions (Hjersman and Yoakum 1989). This latter
practice couid prove detrimental to both-the wildlife concerned and to
their habitat. Based solely on weight, one horse consumes approximately
the same amount of dry forage as seven antelope. However, wnen
considering dietary overiap, the replacement ratio is approximately one
to one. Replacement stocking levels established on a weight basis could
piace excessive pressure on the overlap vegetation and cause its
elimination from the habitat. This loss would require the affectad
herbivores to switch diet or to migrate to new feeding areas.

The factors controiling the popu]atioﬁ sizes of the potencially
competing species and the role of the food items used in common must be
known in order to assess the significance of dietary overiap. If both
populations were Timited by factors other than food resources, e.a.,
predation or social behavior, dietary overlap may be of no conseguence

and should nct be considered as competition. The additional food made

.available to one species by a reduction in numbers of the other species

goncerned would not be utilized. There would be no numerical resgonse by

one species to removal 07 the other. An excention must be made for food

items that are actively sought after and taken wnenever found, Such Tood
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itams are always in danger of local extinction cue to their desirability.
Management of the area should not be based on the preservation of highiy
desirable species, unless the inclusion of this item in the diet was
essential to at Teast one of the species concerned. In this study,
Austin's daisy might be considered a highly desirable species. It was 2
rare plant (Table 2) and was found in both antelope (7.7 = 3.7%) and
horse (1.5 = 1.4%) diets. Further research on the role of Austin's
daisy is required before the competition for this plant can be assessed.
The feral horse population at the Sheldon Antelope Range is
controlled by trapping and removal. The factors limiting the antelope
population are not known at this time. if it were assumed that this
popuiation is limited by food resources, the overlap vegetation takes on
2 much differsnt role. Under this assumption, a reduction in horse
numbers wouid make more Torage available to anteiope and the anteiope
population should incrsase by a2 number equal to the number of horses
removed. The manager should be aware of this one to one replacsment

rather than to expect each horse to be replaced by ssven antelope, as

would be expected considering only forage requirsments based on animal

weight.

The resource manager must consider wildlife food requirements when
determining stocking levels of exotic animals, e.g., seasonal 1ivestock
grazing. The diet overlap and the role of the overlap vegetation snculd
be known. He must also know the pooulation Timiting factors of the
wildlife concerned. ‘'here the wildlife popuiation is limited by food
resourcas, the manager must determine the roie of the overiap vegetation.

I¥ a piant .within the overlap is a Timiting factor, the manacer must no:




permit the stocking of additionai herpivores or he may be Tacsd with a
reduction in.the resident population. Where overliap food items are

not Timiting factors, the manager may act as discussed below. liners the
wildlife population is limited by factors other than food, the manacer
must consider the role of any overlap vegetation. In the event that
overlap vegetation is essential to wildlife, the manager must stock
exotics at the rate based on the demonstrated diet overlap and the
availability of the piant species. Should the overlap vegetation be
plentiful, or highly preferred plants, the manager shouid be able to stock
at a rate based on daily dry forage reguirements of the exotic species
without afTecting wildlife populations.

It must be noted that stocking leveis based on cietary overlap could
resuit in under-utilization of those plants used exclusively by one
herbivore., This could, in turn, allow theée unused plants to out-compete
and dispiace those plants used by the resident herbivere. This reduction
of preferred plants would iead to the deterioration cf the nabitat in
terms of the resident popuiation.

The results of the investigation into water hole interactions between
horses and antelope indicate a lack of competition for water. Horthy of
note, but not statistically valid, was the observation that antalope
continue to utilize a water hole three to four days after norses have
deserzed it due to poor water aguality. Water hole number 2 (Fig. 2) dried
up both summers wnile experiencing extensive use by botn species. 0On soth
occasions, the horses transterred their attention to water hole number 3

(Fig. 2) when the watar in hoie number 2 reached some unaccaptanie level.

Anteiope continued o0 use wetar hole numper 2 even though the sediment




Toad was such that cracks would be evident on the surfacs when the watesr
was not roiled. Tnis would indicate that antelope are adaptad to uzilize
a poorer quality of water than horses. Because of this, it would appear .

that the gntelope could out-compete horses during a drought year. This

shouid not be taken as conclusive, since a badly lamed horse was
observed to survive for four days by ingesting mud for water. This was
a2 strayed domestic horse which was subsequently picked up bf its owner
and recovered fully. This indicated that horses wiil use poor quality
water i7 necessary, but do not if better water is available. 9

Ouring the summer of 1978, a total of 142 measurable observations
were made of antelope watering. The observations were partitioned into
four catagories:

T. Horses within 800 m of the water (il = 51).

-
-
-

Horses (or cattle) over 800 m from, but in sight of,

the water (N = 27).

—
-

I. Horses (or cattle) out of sight of the water (N = 43).

‘-4

V. Cattie within 800 m of the water (N = 21).

Additionally, there were 35 usabie observations of anteslope watering

made during the procedures t2st in the summer of 1977. These observations
all fell into Cateagory I.

An anaiysis of covariance was performed to determine i¥ the 1377
otservations could be combined with the 1878 data. This test compared
the number of antelope and watering timas of each set of datz. The
resuits of this ana?&sis indicatad that these relationships were
sianificantly diTTerent {or the two vears, with antalope drinkinc longer

N1z Q1T Terencs

during 2 dry year (1377) than cdurinc a wet vear (1378).




cannot be explained by temperatures bDecause the average highs were
comparable during both periods (Table 1). Wind data were not available,
but nigher wind velocities in 1977 could have caused increased water loss
due to evaporation which would, in turn, reguire increased intazke. The
1977 data will not be further discussed in this paper.

An analysis of variance was used to ascertain if any differences
existed in the sizes of the watering antelope herds between the four
categories. The results of this analysis failed to reveal any significant
difference between the four categories. -Since all antelope herds were
considered to be from one population, comparative statistical analysis
could be performed. :

Analysis of covariance comparing drinking times, adjusted for
antelope numbers, between the four categories indicated no significant
differsnce existed. Like tasts conducted by adjusting drinking times
with pravious night's low temperature, current dav's high temperature,
and horse numbers and distance from water producad the same results. It
is evident from this that antelope are not'particularly concerned with

the presencs of other herbivores when they are drinking. Antelope and

horses were observed on numerous occasions drinking together within an

-

estimated five m of one another. Antelope also drank concurrently with

Q@ttle, although not as frequently as with horsas. When drinking with

horses, anteiope tend to dash from the water when horses paw the water or
cross the watsr nole directly toward them. This same reaction was
cbserved when oniy antelope were watering and 2 dominant male splashed

¥

water.,' Therefore, it is beljeved to be & reaction to the unexpectied

rather than actual fear of a horse. Antelope appeared to have favored




watering places at the water hole and would wait if norses occupied the
places rather than water eisewhere. Antalope wouid generally move
directly to their seemingly preferred places when horses occupied other
parts of the water hole edge. In the case of water hole numper 2 (Fig. 2),
preferred entries were at the east énd west ends. Little antalope
watering took place elsewnere. These areas were the fiattest approach
to the water hole and afforded good visibility of the water hole from a
distance. When watering at water hole number 3 (Fig. 2), the preferfed
places were at the extreme eastern end for small groups or singles. This
area was the flattest approach to the water with good visibility. Large
herds would water at the west end where a man-made cachment had resulted
in a relatively high earthen dam and reduced visibility. Tnis indicated
that antelope prefer watering placas with the best pessible visibility
but will forego this preference when in large herds. This indication was
supported by a comparison of the natural versus the man-imoroved portion
of water hole number 2 (Fig. 2). Analysis of covariance indicated that
anteiope spent more timé (P ,10) drinkiﬁg at a natural as opposed to a
man-improved water hole. This is probably due to two factors: reduced
visibility caused by the dam; and the extreme posterior-nigh position
required for reaching water in a bullidozer-dug cachment. Resource
managers shouid be aware of this preference and construct Eachments as
naturally as possible.

Testing for loafing time differences was performed throuch analysis
of covariance, adjusting for the same factors as were used for drinking
times. This analysis indicated that a significant differencs existad

between the loafing times o7 antslope among the four categories. The




Duncun's Multiple Range test showed that antelope spent a significantly
longer time loafing when horses were in sight of, but over 830 m from,
the water nole. Multiple Regression performed on this treatment yielded
an r2 value of less than 0.01, indicating a total lack of correlation
between the numbers of antelope in & herd and the locafing time. Further
examination of the data revealed that it was marked by severe extremes,
ranging from a doe herd of 11 animals loafing for 0.6 minutes to a 3=-buck
herd that bedded for 88.5 minutes. When these observations and two other
extremes, 2-buck herds that loafed for 39.3 and 39.1 minutes each, were
removed, the analysis of covariance indicated that there was no

significant difference between the categories. This, like the analysis

of drinking times, indicated that the antelope in the study area were

unaffected in their loafing habits by the presence or absence of other

large nerbivores.

The observation of horse-anteiope interactions under feeding or
movement situations produced similar, thouah not guantifiable, resuits as
did that of water hole interactions. In over 1,000 hours of obsarvation,
not one single act of aggression was noted between the two study species.

Antelope normally gave way to moving horses, but did so with 1ittle

disruption of their activities. The usual avoidance maneuver was that of
walking perpendicular tc the direction the horse was moving for 10 0 15
m and then resuming the former activity. This is probabiy just respect
for & larger animal rather than a response triggered by former il]
treatment. Ixcsptions to this rule usualiy resulted when the antelope

zopeared tC be startled by the sudden anpearance of the horse. Ants

would then run for & greater distance than when they walked. Tnis latter




behavior was also noted to occur on the sudden appearance of coyote
(Canis latraens), raven (Corvus corz=) and sage grouse (Cenirocercus
wrcohasicnus), all of which are common in the study area. This is even
a departure from the usual, in the case of coyotes, since the normal
antelope reaction is one of curiosity followed by aggressive behavior.

One observatiqn of a horse touching an antelope was observed. A
territorial male antelope was standing in a horse trail observing a
coyote at a distancea when he was approached, from the rear, by a small
band of horses. The lead mare of the band stopped at a distance of less
than a meter. After a pause of a few seconds, and when the antelope did
not move, the mare placed her nose between his back Tegs and 1iftad that
part of him off the trail. The reaction of the anteiope was swift and
decisive--he'rapidTy departed the area. But after running approximately
100 m, he stopped and resumed his inspection of the covote. This action
was not ccnsidered agressive in nature, because the horsz gave the
anteiope ampie time to move prior to taking any action.

Observations were made which could indicate that some degree of
symbiosis may exist between feral horses and-pronghorn antelope. OCn
numerous occasions, antelope, startled by human activity, were observed
running toward bands of horses. In some cases, the initial stimuius was
strong enough to cause the antelope to continue to run beyond the horses.
In these cases, the antalope herd would run in one of Two patterns,
either on a relatively straignt course or in an exaggerated zigzag fashion.
It was noted that when the antelope ran straight past the horses, the
only reaction of the horses would be one cf curiosity. However, on all

four occasions that the antelope ran the zigzag pattern, the horses would




also run off in the same direction preceding the antziope. Three of
these occasions were human evoked wnile the fourth was instigatad by
several coyotes feeding an ‘2 harse ‘carcass.

On three separate occésions, it was observed that herds of antelope,
upon approaching a water nole, ceased movement and waited some distances
Trom the water with a1l members looking intently into the water hole.

On two of these occasions, the antelope waited until horses entered the
water hole and then proceeded to the water hole and drank simultaneously
with the horses. In the third case, the antelope watered only afier a
raven flew onto the edge of the water hole. This may indicate that,

when unsure of conditions, an antelope will use2 other organisms as a

guide. These actions indicated that a symbiotic relationship may exist

between antelope and other species, including feral horses.




CONCLUSION

This study indicated that there was little competition existing
between prongnorn antelope and feral horses in Horse Heaven during the
surmers of 1977 and 1978. The two species water and forage together
Treely, with antelope giving ground oniy when directly aporoached by
norses. No aggressive action was observed by either species toward the
other species.

The only area where a minor degree of competition may exist is in
diet. The results of Kulcyzenski's and Sazama's formulas applied to the
fecal analysis data indicated that horses and antelope share approximately
12 percent of their diets and, therefore, antelope and horse may exist in
the area on 2 1:1 replacement ratio.

Additional work is needed cn a more comprenensive dietary overlap
study at Sheidon Antelope Range and other areas to determine i¥ more

severe competition may exist at other times of the vear,
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APPENDIX A

DETAILED INSTRUCTIONS FOR THE
PREPARATION OF REFERENCZ AMND

FECAL MATERIAL MICROSCOPE SLIDES




These instructions follow, in part, those received from the
Colorado State University Composition Analysis Laboratory (R. M. Hansen,
pers. comm. ).

Reference S1ide Preparation:

1. Plants to be used were separated by plant parts: Jeaves, stems,
and reproductive parts.

2. Material was oven dried for 24 h at 100 C to remove moisture.

3. Material was ground in & Wiley mill through a 20-mesh screen
(1 mm openings).

4, Ground material was washed in hot water over a 200-mesh screen
(C.074 mm openings) to remove extraneous solubles and extremely
small nondiagnostic particles.

5. Material was soaked in household bleacn (Clorox) to remove pigments.

The time was variable according to how pale the material appeared to
the naked eye. Maximum time used was approximately 15 minutes.

5. Material was rewashed in hot water over the 200-mesnh screen t0
remove bieach and impurities caused by the bleaching action.

~4

A small guantity of material was transferred to & glass slide
mounting.

Ncte: As practice for Tecal slide preparation, whers the amount
of material must be approximately the same for all slides,

a template was fabricated to result in three identifiable
fracments per microscope field at 125 pcower. This tamplate
was fashioned from a 0.8 mm thick eave gutter-hanger by
drilling 5 mm diameter holes at 2.5 cm intervals for a total
of 5 holes. Tnis allowed preparation of five slides at a
time with the proper amount of material wnen using 22x22 mm
cover slips.

8. Three drops of Hoyer's mounting medium were 2ppiied to and
thoroughly mixed with the material on the slide. Hoyer's mounting
medium is made by combining 200 g chloral hydrate crystals with
20 cc glycerine and adding 30 g pnotopurified qum arabic and 50 cc
water.

S. A clean dissecting probe was usad to dJdistribute the material evenly
over an arez approximateiy the size of the cover slip.

10. A cover slip was placed over the materiai and the slide heatad over
an alcohol burner until &171 material was boiling eveniy.

Mote: A comparison was made between the use 0T plastic and glass




5 i

12,

14.

15

cover slips. Plastic cover slips produced the best results
due to their ability to contTorm to the outline of plant.
fragments, thereby producing & thinner siide.

The slide was removed from the fiame and immediately placed on &
wet sponge to remove air bubbles.

Tne slide was then dried and transferred to the microscope for
examination.

When microscopic examination revealed that material was sufficiently
bleached to make identification possible, the four remaining
slides of the same species were prepared in the same manner.

tlhen microscopic examination revealed that the material had not been
sufficiently bleached, a sub-routine was inserted between staps 7
and 8 above.

7a. Two to three drops of Hertwig's clearing solution were added
to and thoroughly mixed with material on the slide. Hertwig's
clearing solution is made by combining 270 g of chloral hydrate
crystals with 19 cc of 1 normal hydrochloric acid and adding
60 cc glycerine.

7b. The slide was neated over the alconol burner until solution
vias evaporated.

Note: Some practice of step 7b is required to prevent
burning of the plant material.
Slides were placed in an oven and baked at 55 £ for 24 h minimum.
“his heating sets the mounting medium and renders a permanent slide.

Fecal Material Slide Preparation

ta

Fecal material was removed from the freezer and emptied intc beszkers.

Beakers were covered with paper towels to preclude accidental
contamination while allowing moisture to escape.

Material was oven dried at 100 C for 24 h t0o remove any moisture.
Material was ground in a Wiley mill through a Z0-mesh screen.

aced in a large clean jar with a sealing 1id and

“aterial was pl
15 minutes tc thoroughly mix the subsamples.

agitated for

Ground material was washed in hot weter over z 200-mesh screen 0
remove endogenous soiubies and small particles.




7. Tnhe remainder of the procedurs is as outlined in Staps S through
12 for reference material. Test slides made indicated that, in all
samples ot animal feces collected, bieaching with Clorox was
sufficient and produced better results than the use of Heriwig's
solution.

Note: The reascn for making the fecal material slides permanent
was to preclude movement of fragments during microscopic
examination.




APPENDIX B
A DICHOTOMOUS KEY TO AID IN THE IDENTIFICATION OF
FRAGMENTS OF SZLZCTZD FLORA IN THE

CHARLES SHELOON ANTELOPE RANGZ, NORTHWESTERN

AITH ILLUSTRATIVE PHOTOMICROGRAPHS

m
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The following key was designed as a tool, to be used in conjunction
with pnotomicrographs, to aid in the determination of plant species
that are components of the fTeces of large heroivorss feeding in
northwestern Nevada. It was not designed for absolute detarmination
of all plant species.

The kevy is based on characteristics of leaf components ¢T the species
collected from the study area (Table 3). Like species growing under
different conditions may vary slightly and may not fit this key.

Identification characteristics can usually be seen at 125X
magnification, but it was Tearned that 250X magnification increases
confidence of positive identification.

Microhistological terms used in this kev follow those used by
Metcalfe and Clarke (1950), Metcalife (1960), and Cutler (1969).

Small fraoments of plant material seldom contain multicle diagnostic
characteristics aftesr passing through a herbivore's digestive tract.
Therefore, all clues must be consolidated to identifv some species.
Trichomes seldom remain attached to the epidermal fraaments but
serve as valuable clues as to the presence of certain species within
the sample. There must be some degree of transfer of clues from one
Tragment to another in order to validate a characteristic that does
not appear in the key.

Fragments from individual species may, and ncrmally do, key to more
than one couplet.

Mumbers in parentheses refer to photomicrograoh plates in this
appendix. Photomicrographs were taken at 250X unless otherwise
noted.

Cells primarily linear in arrangement 8

Cells usually not linear in arrangement G

Two sizes of cells present - long cells and two

types of short cells (suberose and silica) Kev ne. 1
Not as &bove Key Ho. 2
Cell outline irregular, lobed (jigsaw puzzle) Kevy Ho. 3

2

wot as above
Cells somewhat reqular in outline,
Triangquiar through polygon to round Key llo. &

-~ -
s |

wm

ells irresquiar, not as above Rey no.
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KEY MUMBER 1
1. Microhair present (la) Munlenbergizs richavisonis
1. Microhair absent 2
2. Macrohair present 2
2. Macrohair absent 25
3. Stomata present : 4
3. Stomata absent 17
4. Prickles present 8
4, Prickles absent 9
5. ATl stomata subsidiary cells with straignt sides (%a)

{oeleric oristaca
3. Stomata subsidiary cells not as above 6
6. Prickie height approximates .016 mm (2a) Festuca idahcensis
6. Prickle height exceeds .016 mm /
7. DPrickle height approximates .02mm (3a) AgrcTuren svicatum
7. Prickle height exceseds .02 mm g8
8. Prickle height approximates .024 mm (4a) 3tive shaurierianc
8. Prickle height acoroximates .032 mm (15) Hunlznreveia miohardsonis
9. Macrohair less than .08 mm in length (Sc) Sondzum Jubcmum
9. Macrohair exceeds .08 mm in length 12
10. 'acrohair Tess than .12 mm in lenath (5a) [
10. ™Macrohair exceeds .12 mm in lenath 13
11. Stomata length exceeds .04 mm (7¢) Tlymus 2inersus
11. Stomata length less than .04 mm i
12. Stomata Tength excseds .032 mm (Sb) Sizanion wysvriz
12. Stomata length less than .032 mm (2b) Tessucz iizhcansis
13. Macrohair length less than .16 mm (3b) AZTOTL PN SricaTum
i3. Macrohair length exceeds .16 mm 14
14, Stomata Tength greatar than width (4b) Siive shurbevrionz
14, Stomata Tength less than or equal to wid%! i
15. Stomata subsidiary cells straiont (9a) ogleriz visTaca
i2. Stomata subsidiary c2ils convex 16
i6. Stomata subsidiary ceils low-dome shaped (3b) = Zwormus =zo=-7um

16. Stomata subsidiary calls trianguiar shace¢ (lc)
AN LETIORPISR  PEONSISYCNLS
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18.
18.
19,

20.
20,

21,
ata

22
o

Macrohair
Macronair

less than .08 rm in lenath (6c¢)
exceeds .08 mm in length 2

less than .12 mm in length
exceeds .12 mm in length

Macrohair
Macronair

Cell walls smooth in vicinity of hairs
Cell walls sinuous in vicinity of hairs (3c¢)

Cells relatively short and wide (7d)
Cells relatively Tong and narrow (2c)

IoPzaurn jupatun

Sitanion RysTriz

Macrohairs less than .16 mm in length (3b) Agroryron spicazum
Macrohairs exceed .16 mm in length 22
Macrohairs moderately long and flexuose (d4c¢) Stiza thurbericnc
Macrohairs straight or slightly bent 3
Macronairs with swollen bases (desk pen) (Sb) Zoelewic onis=z==
Macronairs not as above 24
Macrohairs appear rigid with slightly swollen base (14)

MHunlemdengiz rioncrdsonis
Macrahairs appear flexible with sunken base (3¢) 3Sremis s2o=-mum
Stomata present ; 28
Stomata absent 43
Prickles present 27
Prickles absent 33
A1l stomata subsidiary cells with straight sides (coz)

' Logieria sisce=z

Stomata subsidiary cells not as above 23
Prickle height approximates .016 mm (2a) Feszucz iizhgensis
Prickle height exceeds .016 mm 29
Prickle height aoproximates .02 mm (3a) AgroTyron 3ziecTun
Prickle height exceeds .02 mm 30
Prickle height approximates .024 mm 31
Prickle height excaeds .024 mm 3
Cistal outline of prickle straight (5a) Iowdeum Lrcohyavzhern
Oistal outline of prickle curved (4a) S¥ize churbdianz
Prickle height approximates .028 mm (24) Fon amuerndd
Prickie height aporoximates .032 mm {1b)

furnlensensic risnzrdscnis
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33. ATl stomata subsidiary calls with straight sices (%a)
Zgelzmc 2»i3sezz
33. Stomata subsidiary calls not as above 34
34. Stomata length exceeds .06 mm (7¢) Itumus 2inereus
34, Stomata length less than .06 mm 35
35. Stomata length exceeds .04 rm (7a) ¢ Zordeum JubcTum
35. Stomata length less than .04 mm 36
36. Stomata length equal to or less than width 37
36. Stomata length exceeds width 38
37. Stomata subsidiary cells Jow-dome shaped (8b) Irorus Tectorum
37. Stomata subsidiary cells triangular shaped (lc)
HunlenZergia richarisonis
38. Stomata length less than .032 mm 39
33. Stomata length exceeds .032 mm 40
39. Stomata subsidiary cells low-dome shaped or straight
sided (4b) Stize thurterianz
38. Stomata subsidiary cells high-domed or triancular
shaped (2b) Testucz ilzihwvensis
40. Cell wall sinuations shallow {5p) Serinpr Srachucnchemo
40. Cell wall sinuations deeper 47
41. Stomata cutline square in appearance (10a) Fon sondberoii
41. Stomata outiine ovate in appearance 42
Note: Silica celis or bodies must be prasent o
the remainder of this key. '
42. Suberose pairs rare (5d) Sisanion rystriz
42. Suberose pairs common (3c) Agrozyron sTicoTum
43. Suberose pairs consist of large cork and small
silica cells a4
43. Suberose pairs not as abave <
@4. Suberose pairs relatively small (4b) Stiza churtemiong
44. Suberose pairs relatively large (8a) Tlurmue 2inercus
23. Silica bodies longer than wide with sinuous cutline 46
+3. Silica bodies not as above 43
46. 3odies smal] with deen indentztion (44) Stirs thurteriones
16. 3odies large with shallow indentation 47
. 3lodies only slightly Tonger than wide (3c) Znglivria avissazz

= s
~1~1
.

3odies much ionger than wide (10b) Fod BonBerrii
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Silica c211s sguars and alternate with cork cells

in long rows (lc¢) MunlenZersiz richariscnis
Silica calls not as zbove 43
Silica cells rectangular and alternate with cark

calls in long rows (&c) Zordeum brzohumnziherm
Silica c211s not as above 50
Silica cells much longer than wide with straight

sides (&d) Bromus cecsorum
Silica cells not as above 51
Silica cells are mid-length between Tong and cork

cells (2d) Festuez idzhoznsis
Silica cells appear as silicified Tong cells 52
Silica cell sides deeply indented - (5b) Sicanion nystriz
Silica call sides less deeply indentad 34
Silica cells appear between the veins (3d) ACTOpUYIN SpiozTum

Silica cells appear over the veins (7b) Zordaum jubcsum
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KEY MNUMBER 2

Cells usually longer than & times width 2
Cells usualily shorter than 4 times width o
- Prickles present (10c) Cares 87T.
Prickles absent 3

Macrohairs present &
Macrohairs absent 12

Branched hair present (1%a)
Hair not as above

Two-armed hair present (194) Artemizic ariusculs
Hair not as above 6

Uniserrate, multicellular hair (pod-like)
present (2la) Lepidium rerioiiczum
Hair not as above 7

Uniserrate multicellular hair with knees present (13a)

et . %
2BTSiCaetyion runcens

Hair not as above 8
Arachnoid muiticeiluiar hair cresant (143) Fhicz 2ccdiz
Hair not as above ¢
Large unicellular hair present (exceeds .2 mm) (12z)

s mi3souriensis
Hair not as above 10

Short, stout unicellular hair with rounded tio
present (21d) Arenaria ST
Hair not as above

11
Shor< unicellular hair with rounded tip (13b

Short unicellular hair with pointed tip (23b

Crystals present 13
Crystals absent : 15
Red-Tike crvstals present (125) Srig miszcuniensis
Clustered crvstals prasent is
ATl cells Tinear in arrangement (22a) Aregnzriz szy.
Linear cells in bands, bordersd by irrequiar cells (20a)

PRt o Bl s o’ f 8 W
Stomatz oresent 18
Stomata absent Za

(B 1]

F>
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18.

19.
19,

20. .

20.
S
<t

22.
22

234
23.

47

Stomatz arranced in rows 1
Stomata arranged randomiy 2

Interstomatal distance exceeds 3 times cell width (22b)
Interstomatal distance less than 3 times cell width

Interstomatal distance aporoximates or nxceeds twics

stomata length (21b) Lepidium perfolicztum
Interstomatal distance apporoximatas stomata length 19
Cell walls straight (11c¢) Allium sro.
Cell walls sinuous (10d) Lares ary.
Cell walls strongly Tobed (13c¢) Levtodzetylon rmgens
Cell walls essentially straignt 21
A1l cells linear in arrangement (19b) Jescurzinic pinnasa
Linear cells in bands bordered by irregular shaped

cells 22
Cells essentially square at joint (23c) Penstemon sra.
Call juncture not as above 23

Ceil wall appears dashed at certain focus (20z)

e y iy = .
A3TESMLILE IrDuscU.Z
"

Cell wall appears entire at any focus (14b) Fhics weodii
Cell walls stronaly lobed (13d) lezrodaotyion silngens
Cell walls not as above &5
Cell walls sinuous (grass-like) (11a) Tored ST
Cail walls not as above : 26
Cells elongate-hexagon (11d) Allium sy
Cells not as above 27
Cell lengtn exceeds 10 times ceall width 28
Call Tength less than 3 times cell width 36
Cells extremelv elongate-nexagon (12¢) Jois misscurprsie
Cells not as above 29

Calls so Tong, juncture difficult to lccaze -( Th

Cell lenath barely excseds 10 times width (1 b)des*ur”"‘:'::nﬁ:::

Cell walls apoear "dashed" at certain focus 30
Cell walis appear entire at anyv focus (14b) Frios aposds
A11 calis Tinear in arrangement (22a) arengrisl sTr.
Linear cells in bands bordered by irrscular snaped

cells 32

o
wh
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32.

33,
33.

34.
34.

35,

am
3.

a2,
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Cells usually irreguliar at juncture (20a )

Cells usually sauare at juncture over 2 ca2ll widtns

from irrequiar shaped cells (23c) Sensztemon sTT.
Stalkad capitate glands present afonsanus sUT.
talked capitate glands absent 34
Hairs present ; 35
Hairs absent 42
Branched hairs present 36
Hair not as above 37
Branches less than .03 mm in length  (35d) draois ery.
Branches greater than .04 mm in length (34c) Adspegalus 3TT.

Heavy pointed unicellular hair present (exceeds .2 mm) (12a)
ni3 misscuriansia
Hair not as above 3
Heavy rounded unicellular hair present (24a) Sigadanus srr.
Multicellular uniserrate hairs present 39
rAair cells approximately equal in length 40
47

Terminal cell of nair e2longatad
Hairs erect, perpendicular to plant sur'ace {36a) Czaviilalz arp.
Hairs 1ie at angle %o plant surfacz (13a)

- - i a".—
JAruSCTA@MUS VidelIl] .orus

dair base cell moderataly dumbbell shaped (Z24d

Hair base cell moderately ovate (25¢) 2aizamoraiac scziTTasa
Crystals present: 43
Crystals absent a4
Rod-Tike crystals present (12bh) IPL3 MLISCUriensis
Crystals in bundles (24b) Zigndanus &,
Stomata present &s
Stomata absent 49
Stomaza length exceeds .04 mm 4
Stomata length less than .03 mm &7
Ceils hexagon in outline (24c) SCEPRR 30T,
Cell walls parallel (straight and curved) (13b)

,—rvn,ccj papi s Sy et LT e

Ceil walis sinuous (11bh) CaRouR 3T
Cell walls straignt




£
(0]

oo

E Y
WO

Cell junctures perpendicular to call wall (12d)

P3 mMLIsowiansis
Cell junctures variable (pointad to square) (35c) Arzdds sro.
Cells hexagon in appearancs . 30
Call walls essentially parallel 51

: - sTD.

Cell length variable, hexagon shape weak (12d) Iris misscwr=ens<s
Cell outline appears "dashed" under certain focus (35¢)

Arzhbie szo.

Cell outline appears entire at any focus 52

Hair base cell holes numercus (34b) Agtrzzalus sTo.

Aair base call holes sparse %

Hair base cell holes ovats (15b) Chimysotharmus viseiliflorus

Hair base c211 nholes round 54

CL8TMOPNLIS NOCHEDT
Cells surrounding hair base cell holes not modified (36d)
C2gTieedgf 8TD.

o
~-4




KEY NUMBER 3

Papilla present
Papilla absent

w ™M

Cell outline distinct, elongate papilla cells appear
as separate from epidermal cells (13d) lertodacsylion Tungens
Cell outline indistinct, papiila appears to be part
of epidermal cells (l4c) ) 2 Shioz nocdii
Macrohair presant <
Macrohair absent 10

Hair uniserrate, multicellular, terminal cell

whip-1ike (26a, 26b) dontllea millerciium
Hair not as above -
Hair uniserrate, multicellular with enlarged base,

calls of equal length (26d) Ipigeron zustinae

Hair not as above 6
Hair long, pod-like in appearance (21la) Sepidiun zerfoliatunt
Hair not as above 7
Hair unicellular with swollen tips (3€c) Trzgserz szT.
Hair not as above 3
Hair long, arachnoid, multicellular (14a) Fhicz noodic
Hair not as above =]

Hair long, uniserrate, multicellular, celis short
and wide (28b) Tmazzoum o lodnals

Hair uniserrate, multicellular with enlarged junctures cr
short unicellular hairs with blunt tips (13a, 13b)

- -

~E€DTO280TH o ZUNgens

Cells much longer than wide, lTinear in arrangement 11
Cells may be Tonger than wide, but not arranged
Tinearly 12

Lobes seldom exceed one-half cell width (13c)

- . .
leziocaoty .on zuwngens

_ Lobes often equal to or greater than cell width,

may be sordered by straight sided cells (14b, 14d) Phicz nccdid

Mumerous cells elongate but not linear in arrangement (25c)
- el

1 ooy
- =~ e
R -

Few cells elongate 13

Modified macronhair base c21ls present (27a) Spizeron susTinas
Mot as above id




14,

15.

Cells diverse in shape but generallv of one siz

Cells diverse in shape and size

Calls appear coarse, broad lobed (21
Cells appear less coarsa, narrow lcbe

c)
d

(28¢)

(8
o

D
s
(93]
()]
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GO
KEY MUMBER 4
1. Hair present 2
1. Hair absent 13
2. Stalked capitate giand present (29a) 3
2. Not as above il
3. Hair short stout, unicellular (29b) Sczentilla 3ry.
3. Hair long, multicelluiar (36a) Ceszilizja soo.
4. B8ranched hairs present S
4. Hairs not as above 6
S. Cells random in arrangement, generally round (35d) Araiz 8oy,
S. Cells arranged in circular patterns, generaliv
cbiong (19¢) Descurzinic rinngtz
6. Hair unicellular with enlarged tip 7
6. Hair not as above 8
7. Hair short (.04 mm), flexuosa (29d) Thencredium rubrum
7. Hair long (.08 mm), straignt (36c¢) Trzsera spr.
8. Hair cylindrical, umicellular with round tip (22¢)
Fenszemon Speoiosus
3. fair not as above 9
3. Hair uniserrate, multicelluiar 10
9. dair not as above 11
i0. Hair stands perpendicular to surface (36a) agstiiasa aTr.
10. Hair lies parallel to surface (30c) . Fumes avp.
11. Hair unicellular, straight, long or short 12
11. Hair unicellular, long, arachnoid 14
12. Hair long, straight or curved with modified base
(31b, 3lc, 31d) Zginus §TT.
12, Hair not as above 13
13. Hair robust, straight or curved with enlarged
base (29b) Fosemtille err.
13. Hair less robust, lacking eniarged base (32a, 32b)
Syrphoricarros sxrianti
id, Hair cf one size, crystals lackina, hair base cells
location independent of cell structure (37a, 37b)
S@TDRSUMLE ATNZI0eTS
i4. Hair of two sizes, crystals may or may not Se present,
n2ir base ceils always at juncture of fFour or more
calls {16a, 1€p, i6c) Sntogowum g,




]8.
18.

19.
19.

20.
20.

23.

24.
24,

stals present 1o
/ tals absent 13
Cell walls thick (30d, 31a) Fumgz sTT.
Cell walls thin : 17
Hair subcell hoies always at juncture of four or :
more cells (76¢) Eriogonur sT3.
Hair subcell holes lacking or not evident (30a)
Chencpocium rudrwn
Stomata round 19
Stomata ovate 20
Ciameter small (16d) Iricgonum syp.
Ciameter larger (22d) Pemstemen sveciosus
Length excseds .04 mm (36d) - rasenz sor.
Length less than above 21
Length exceeds .036 mm (30b) (23a) Chenovodium rudmum
or Pznstemov. sveciosus
Length less than above -l
Length exceeds .03 mm (32¢) Syroncricarrss Parishii
Length Tess than above <3
Small, less than .024 mm Tona, low domed (35c) Arabds srz.
Larger than above . 24
Stomata numerous (16d) Swicgonum 3Te.
Stomata sparse (2S¢) Prspeilil o0




(o))
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KEY HUMBER §

1. Hairs present P
1. Hairs absent 21
2. Hairs two- or threa-armed 3
2. Hairs not as above 3
3. Hairs two- and three-armed to complex (32d) Agoseris spr.
3. Hair always two-armed (20c) 4

4. Irregular cells accompanied by linear cells (20a)

4. A1l cells irregular in shape (20d) Artemisiz tridentaza
3. Hairs multicellular, uniserrate silicified (37c) 4szon seozulorum
5. Hairs not as above . 6
6. Hair branched (34c) Astrazalus srp.
6. Hair not as above 7
7. Hair unicellular 3
7. Hair muiticellular 14
3. Hair tip enlarged (36c) Pazgera sTT.
8. Hair not as above 2
3. Hair shor: 10
3. Hair long 12
10. Hair stout, "dagger-like”, clumey (17a, 17h)  Frshig wmidemzaza
i0. Hair not as above : 11

11. Hair appears flexible, enlarged base (18a)

¥,
11. Hair appears stiff, shorter than above (235

12. Hair arachnoid (17a, 17b) Fursniz tridiancaza
12. Hair tends to be straight or abruptly bent 13
13. Hair long, curving, base modified (33c, 33d) iscrazzius pursiid
13. Hair with abrupt bends, linear ceils may be present ;

(14a, 14b) Fhicz nccsis

14, Hair composed of only 2 calls
14, Hair composed of mora =han 2 calls

15. Terminal call flattened, hair hase unmodiFied (27¢c, 274)
= A

$. Terminal call round, nair base modified (25¢)
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3ase call "dumbbell" shaped, enTarced cell Jjuncture
(24d, 23b) Salsamornize nookeri
Base ceil ovate, c2l1 juncture not enlarged :
(25¢) dalscmerhise sagiviaes
Hair Tong, cells short and wide (28b) Teyamzoum ofSioinzie
Hair not as above 18
Hair robust, length less than five times base cell
length (34d) derlopeyrus 4o cul.a
Hair Tess robust, length greater than five times
base cell length 19
Base cells compressed, terminal cells elongate
(26d, 27b) Irigeron zustince
Cells of approximata equal length 20
Hair long, oriented parallel to vegetative surface
(15a) Chrvusothamm: vzsuza‘:;orus ruberulus
Hair shorter, oriented perpendicular to vegetat :
surface (15¢) Chrysotharmus visic czjﬂgrus lanceoictus
Crystals present 22
Crystals absent 23
Crystals formed as a bundle {18b, 18c) lencthera tancgetioiia
Crystals formed as a cluster (17c¢) P-wsnia sridentaTa
tomata round 23
Stomata ovate g
Stomata diameter exceeds .02 mm (28a) Inizaven Zigomer:
Stomata diameter Tess than .03 mm (23d) Fengzsermor srr.
tomata length equals or exceeds .04 mm 26
Stomata length less than .04 mm 31
Stomata width equals or exceeds .04 mm (33a, 33b) Agcseris srz.
Stomata width less than .04 mm ¥ g

Stomata width equals or exceeds .036 mm (154)
Trmysonacmmus visi2tiifiorus

Stomata width less than .036 mm 28
Stcmata elongate length excseds width bv .02 mm
(26d) Trzserg 3Ty,
Stomat2 ovats, length exceeds width by less than
.02 mm (20b) Arzemisic srouscuis
Stomata length less than .02 mm 30

Stomata length exceeds .03 mm 32




Stomata appears elevatad from vegezative surtacs
(17d) Furshiz sridentazz

Stomata not as above 31

Stomata numerous, hair base cells much 1arger than

surrounding cells (26d, 27a) Enizeron zussing
Stomata soarse, hair base calls modified but much

smaller than abave (34a) ‘ dsTragaius purshii
Ceil outline irregular to the point of appearing

jagged (18d) Jenotrera tanaceriolia
Cell outline not as above 33
Ceil walls thick, stomata numerous (37d) dAater sccoulorum
Cell walls thin, stomata numerous or few 34
Stomata numerous , 35
Stomata rare 36
Cell outline appears dotted (25a, 25b) Zcpleparrus acculis
Cell outline appears entire (25¢) Bziscmprriag scoitsasa

Cell smalier, more elongate, with more distinc‘
angles (20d) -r APTamisia Tridancaca
Cell Iarcer,.rounder, with few distinct angles

(28d) Bl oo 0 S 5 L8 7
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11a. Carex spp.
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13a. Leptodactylon pungens 13b. Leptodactylon pungens
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