TOPIC 3. THE USE OF SPACE

Wild ruminants use space resources In rather highly organized ways,
which 1is not surprising when the functional environment, with 1its
limitations due to physical, physiological, and neurological characterist-—
ics, is recognized and at least partially understood. The amount of space
that can be used each day is ultimately limited by the energy an animal can
expend for movement. This limit is usually not reached, or at least sus-—
tained for several days in succession, unless environmental conditions
impose very high costs of movement on the animal. High costs do occur when
snow is deep. Then the dally home range of an animal could be rather small
because of the high cost of moving through snow. Further, the forage re-
sources could be so depleted on winter range that the cost of moving through
the snow exceeds the return by the forage.

There are two often-used terms that should be kept in mind when
evaluating the literature and describing the use of space by wild ruminants.
Home range is the area habitually traveled by an animal in the course of its
normal activities, It is a descriptive, geometric term, and is not de-
pendent on interactions between different individuals. It is simply the
"home"” area in which an animal spends its time. Territory is a term applied
to a defended area. This was defined for birds by Noble in 1939, and has
since been applied to many other species. While some species, especially
birds, maintain rather strictly-respected territories, wild ruminants appear
to have less well-defined territories. This may not be strictly true, how-
ever; small bird territories of less than an acre in size are much easier to
identify and map than the large territories of wild ruminants.

Several terms used to describe the organization of animal societies
are discussed by Dewsbury (1978; 92-97), Wild ruminants may be quite well-
organized in relation to dominance, resulting in highly organized societies
or animal groups. A dominant male elk, for example, is respected by other
bull elk in the area, and has priority of access to an approach situation or
of leaving an avoidance situation, as Van Kreveld (1970) defines dominance.
Sometimes dominance is achieved by aggressiveness, sometimes by threats, and
sometimes by simply having by superlor physical characteristics.

Individuals of some species of wild ruminants live in herds, and of
other species, in small groups. Some move over a large home range, and
others live on a more restricted area, with changes in sizes of daily home
ranges over the annual cycle as seasonal and animal characteristics change.
There are differences in the amount of space used by different species and
by members of the same species throughout the year. Males assert their
dominance mostly during the breeding season, and females tend to space
themselves out at parturition. These changes are discussed in UNITS 3.1 and
3.2, providing the descriptive background information needed in PART III
when evaluating activity costs as part of the dally energy requirements.
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UNIT 3.1: DAILY HOME RANGES

The concept of home range 1s apparently quite old. Burt (1943)
discusses home range and referrs to E. T. Seton's 1909 book Life-Histories
of Northern Game Animals (Charles Scribner's Sons, N.Y.) in which "home
regions"” are discussed. Seton pointed out that wild animals do not roam at
random, but each has a home region, even if it has not an actual home. Burt
restricts the area of home range to that ". . . traversed by the individual
in i1ts normal activities of food gathering, mating, and caring for young."

The size of the home range may vary with sex, age, and season (Burt
1943), Burt emphasizes the point that wild animals need more than
"essentials of life," [presumably food]; they need "living room.” I suggest
that 1living room is one of the essentials of life for wild, free-ranging
animals, and is an important consideration when evaluating carrying
capacity. 1In other words, space is a resource, to be considered along with
food and other essentials of 1life. It is a geometric term, describing the
size of an area in which an animal spends its time each day. It is not a
defended area as the territory (UNIT 3.3) is, nor does home range imply any
priviliged access to resources.

The geometry of an animal's home range 1s dependent on food, cover,
and topographic conditions. A herd of 16 (average number, R = 2 to 27)
Roosevelt elk occupied an area of beach and coastal prairie 9.6 km long and
0.1 to 0.45 km wide in California. The central area had an abundance of
preferred herbaceous perennial forage, and was occupied over half of the
time (Franklin et al. 1975). This strip of beach was bordered by the ocean
on one side and bluffs 30 to 60 m high on the other, While the bluffs were
intersected by trails into adjacent forest, this herd of elk used the long
narrow coastal strip almost exclusively during the year. Home range
geometry was apparently a function of both food and topography.

The illustration below illustrates the effect of topography on the
geometry of white—-tailed deer home ranges. The concave home range of Doe
112 (Nelson 1979) was due to a lake on the right-side border. Note also
that the home ranges tended to fit together rather than overlap. These
locations were determined in the summer, and their use of this space is
discussed in UNIT 3.3, TERRITORIALITY.

Doe 318

Doe 112

0.8 km
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The calculation of home range may be difficult because the distance
travelled each day may not be indicative of the land area covered. A re-
sident white-tail deer, for example, may zig-zag and criss-cross con-
siderably, traveling some distance but spending all of the time within a
rather small area. A migrating caribou, however, may travel quite far in
the normal course of a day's activity with little time spent in any one
area. The concept of home range should be applied to animals on their
seasonal range and not to animals moving from one seasonal range to another.

Calculations of home range areas are often made by determining the
outer limits of each day's activities and calculating the amount of area en-
closed by the polygon. This approach is satisfactory when animals remain in
the same general area. The polygon is reasonably symmetrical and areas
covered on different days are quite similar.

Accurate calculations of the area of the home range are more difficult
to make as the home range departs from symmetry. The drawings below il-
lustrate this point.
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Note that solid lines connect sequential locations and dashed lines (-
- — =) not-sequential locations. Are the dashed lines legitimate biological
boundaries, or are they simply lines connecting two points? As the number
of locations increases, home range geometry could become easier or harder to
determine, depending on the resulting geometry and the level of precision
sought in the determination.

A new non-parametric technique for estimating home range size is de—
scribed by Anderson (1982). This method makes no assumptions about the
shape of the home range, and produces an estimate that is close to the
"true" distribution. The method incorporates Fourier transformations of de-
nsity fractions and 1s illustrated for elk data. In this approach, home
range 1s defined in a probabilistic way, hased on a bivariate probability
density function that gives the probability of finding an animal at a
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particular location on a plane. This "utilization distribution” is re-
latively recent, and 1s mentioned here to call attention to a new approach
to home range calculations. Anderson's paper describes space use only; the
"utilization distribution” with regard to space will be a function of the
density distribution of food resources, and there will surely be a re-
lationship between the two.

There are many descriptions of home range in the scientific literature
(see the SERIALS 1list), but few of these include enough definitive data on
the density of food resources to be able to relate space resources used to
food. Keep in mind too that sampling within 24-hour periods is an import-
ant consideration because of the patterned distribution of the movements of
wild ruminants,

There are many exclting possibilities for computer analyses of density
distributions of all resources, with much potential for evaluation of inter-
actions between animal and range.
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CHAPTER 3, WORKSHEET 3.la

Area determinations of daily home ranges of white-tailed deer,
Minnesota

The sketch of home ranges of white-tailed deer in northern Minnesota
(Nelson 1979) may be used to determine the land areas used. Note in the
drawing below that lengths are given for one of the home ranges sketched on
page 61. Using the formula for determining the area of a triangle from the
lengths of its sides, given, calculate the area of this home range. Then,
determine the angles and lengths of sides for the other home ranges sketched
on page 61 and calculate their areas.

Area = V'S(S - a)(S - b)(S - C)

where S = 1/2 (a+ b + ¢), and
a, b, ¢ lengths of each of the 3 sides.

This is the simplest of calculations. Superimpose an x~y grid on the
drawing and write a short computing program for wuse with the x, y
coordinates of each observation as inputs.

LITERATURE CITED

Nelson, M. E. 1979. Home range location of white-tailed deer. U. S. Dep.
Agric. For. Serv., Res. Pap. NC-173, 10 p. U, S. Dep. Agric. For.
Serv.,, North Cent. For. Exp. Stn., St. Paul, MN.
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CHAPTER 3, WORKSHEET 3.1b

Area determinations of dally home ranges of white-tailed deer,
Pennsylvania

A sketch of locations of sightings of two adult deer is given by
Montgomery (1963), with outlines of the maximum observed limits of their
ranges. The scale is also given, permitting one to calculate the areas
within the limits of the ranges of these two deer. Redraw the sketches in
the space below, and then use formulas for the areas of rectangles and
triangles to determine the areas used by these two deer.

LITERATURE CITED

Montgomery, G. G, 1963. Nocturnal movements and activity rhythms of
white-tailed deer. J. Wildl. Manage. 27(3):422-427.
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UNIT 3.2: SEASONAL HOME RANGES

Daily home ranges change through the annual cycle as weather con-
ditions, range resources, and the physiological characteristics of the an-
imals change, resulting in recognizable differences between seasons.

Some wild ruminants move from one seasonal range to another in herds
(caribou and bison, for example) while others move more as 1ndividuals
(white~tailed deer, for example). Migrations, whether clearly defined or
more loosely organized, are sometimes used to provide indices to populations
which may be compared from year to year.

Seasonal changes may occur in relation to altitude for those species
living in mountainous areas. Moose in the Gravelly Mountains in southwest
Montana spent the summer and fall at elevations above 7500 feet and the
winter below 7000 feet (Knowlton 1960). Elk migrated from winter range to
summer range in April and May, and to winter range in late summer. Routes
used were determined by topography, as elk could move from lower elevation
winter range to higher elevation summer range only through passes (Picton
1960).

Some caribou may travel rather long distances between summer and
winter ranges with little change in elevation. Others, such as those in
Wells Gray Park, B.C. migrated between alplands above 7000 feet and lowland
coniferous forest below 3500 feet several times during the year, moving down
in late autumn, up in January to near treeline, down again in April, and up
again in May or June. Migrations were apparently controlled by the effects
of snow on availability of food and mobility of the animals (Edwards and

Ritcey 1959).

Moose in Laurentides Provincial Park, Quebec showed age differences in
movements; yearling and 2-year-old males moved more than adult males.
Seasonal differences were observed as adult males moved more than adult
females from summer to fall, apparently a function of sex and breeding be-
havior. Seasonal movements from summer to winter range did not show dif-
ferences between sexes (Roussel et al. 1975).

White-tailed deer usually move from dispersed summer ranges to winter
concentration areas. These seasonal shifts are partly due to weather and
snow conditions as deep snow results in larger numbers in the winter con-
centration areas, and open winters in more dispersed distributions. There
is indication in the literature that activity i1is reduced even in open
winters, however, as energy conservation seems to be an adaptive phys~—
iological mechanism that occurs in response to internal changes, which are
further mediated by external conditions (Moen 1976).

White-tailed deer appear to return to the same summer and winter
ranges year after year. Four deer migrated 8 km between the same winter and
summer ranges for the 3 years they were studied (Nelson 1979). A fifth deer
made one 14 km spring migration before being killed by wolves during the
return migration for the next winter. Nelson points out that the deer
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migrated through habitats preferred by some to habitats avoided by others.
Radio-tracking data are confirming what has been suspected from limited
results on tagged deer; individual animals form habitat preferences early in
life, probably as a result of the extended association with the mother, and
retain these preferences for life.

Individual mule deer in Oregon also returned to the same area of the
winter range each year, but dispersed throughout the summer range (Zalunardo
1965)., An early study of marked elk suggested that some elk (5 animals)
returned to the same winter range year after year, and possibly the same
summer range also (Brazda 1953). Barren-ground caribou from two herds
shared winter range, but appeared to use separate calving grounds and summer
ranges (Miller and Robertson 1967). Thus it appears that there are seasonal
movement patterns characteristic of individuals or groups, but the effects
of different factors on the constancy of these patterns over long periods of
time have not been determined yet.
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. Brazda, A. R, 1953, Elk migration patterns, and some of the factors
affecting movements in the Gallatin River drainage, Montana. J.
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Field-Naturalist 73(1):21-25,

Knowlton, F. F. 1960. Food habits, movements and populations of moose in
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CHAPTER 3, Worksheet 3.2a
Seasonal differences in home range areas

Using some method of determining home range areas, evaluate seasonal
differences in home range sizes, preferably for the same population, from
data in the literature. Compare the results by evaluating the number of
winter areas that are larger or smaller than summer areas. My hypothesis is
that winter areas are smaller, which can be tested by evaluating the number
of results larger than and smaller than results of summer calculations and
performing a chi-square or similar test, If there is no difference, the
number of larger:smaller should be 1:1.
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UNIT 3.3: TERRITORIALITY

Territories are defended areas which are used exclusively (or nearly
s50) by an animal within its home range. Thus they are a space resource with
limits on their use, with these limits subjected to the effects of com-
petition when populations are high per unit area,

Wild ruminants have generally not been considered as highly ter-
ritorial as other groups of animals, such as carnivores. Results of radio-
tracking studies are beginning to show that territories may be clearly de-
fined, especially during the reproductive season. Territorles are most ag-
gressively defended by females at parturition and when nursing their young,
and by males in the rut.

Aggressive interactions have been observed between whitetail does on
summer range, during feeding behavior studies in northwestern Minnesota
(personal communication with Lynn Rogers). Detailed accounts of white~
tailed deer behavior and reproductive success in relation to herd 1levels
with an ample supply of nutrients are given by Ozoga et al. (1982). It is
of interest that does aggressively defended fawning areas, and that older,
more experienced does were more successful at raising fawns to weaning.
This territoriality was so strong that Ozoga suggests that complete isola-
tion is essential for proper mother-infant bond formation, and that high-
density populations limited fawn rearing space, disrupted maternal behavior,
and was a factor 1in excessive neonate mortality among fawns of 2~ and
3-year-old does.

The need for isolation observed in the captive herd in Michigan is
different from the conditions observed by Michael (1964) in Texas where a
wild doe was observed to give birth with 32 other does in the vicinity, some
as close as 20 yards. Behavioral responses are so much more plastic than
physiological responses; it is risky to expect rigid responses when there
are so many variables affecting them.

The limited literature on territoriality is listed at the end of this
UNIT, and that on dominance is listed in TOPIC 2 of CHAPTER 5. I suggest
that more attention be given to territorial characteristics of wild
ruminants. It has been easy to think of territories as characteristic of
carnivores, with the explanation that some kind of competitive exclusion is
desirable in view of mobile and limited prey bases. Ruminants, however,
"prey” on plants, and since they do not try to escape, a much more peaceful
coexistence is assumed. Nevertheless, the worst enemy of a moose may be an-
other moose, and of a deer, another deer . . .
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CHAPTER 3, Worksheet 3.3a
Territory potentials for a given area

Territories are defended areas with some minimum size. If territories
are real biological characteristics of wild ruminants, map out the number of
territories possible on a particular area, putting down real and potential
boundaries in relation to terrain and cover., How do the results of such an
exercise compare to observed popultion densities through the year?
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CLOSING COMMENTS

The behavioral characteristics of wild ruminants disussed in CHAPTER 3
have centered about the functional environment and use of space. Space
should be considered more as a resource than an area, and calculations made
of space resources in relation to other resources required by the individual
and the population. Further insights into the use of space are discussed in
CHAPTER 4, where specific behavior patterns and activity patterns through
time are described. These are used in calculations of energy costs in PART
II1; what an animal does and for how long are two very important consider-
ations when evaluating metabolism throughout the day and year.

Aaron N. Moen
November 9, 1981
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GLOSSARY OF SYMBOLS ~ CHAPTER THREE

JDAY = Julian Day
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GLOSSARY OF SERIAL CODENS - CHAPTER THREE

SERIALS are identified by five—character, generally memonic codes
called CODEN, listed in 1980 BIOSIS, LIST OF SERIALS (BioSciences Informa-
tion Service, 2100 Arch Street, Philadelphia, PA 19103).

The headings for the lists of SERIALS are:

CODEN VO-NU BEPA ENPA ANIM KEY WORDS ~ AUTHOR §==mmmmmmmm YEAR

The volume and issue numbers (VO-NU) are given after the CODEN entry,
followed by beginning page (BEPA), ending page (ENPA), species discussed
(ANIM), KEY WORDS from the title, AUTHORS [truncated if necessary, slash (/)
indicates additional authors], and year.

AJVRA American Journal of Veterinary Research (US)

AMNAA American Midland Naturalist (US)

AMNTA Amerrican Naturalist (US)

AMZOA American Zoologist (US)

ANBEA Animal Behaviour (England)

APANE* Applied Animal Ethology [*made up — there is no BIOSIS coden]
ARPHA Annual Review of Physiology

ATICA Arctic (Canada)

AVCSA Acta Veterinaria Scandinavica (Denmark)

AZOFA Annales Zoologici Fennici (Finland)

AZOSA Acta Zoologica (Sweden)

AZWBA Arizona Game and Fish Department Wildlife Bulletin (US)

BEHAA Behaviour (Netherlands)

BISNA BioScience

BJASA Bulletin of the New Jersey Academy of Science

BMAEA Montana Agricultural Experiment Station Bulletin

BMSIA Biomedical Sciences Instrumentation

BPURD Biological Papers of the University of Alaska Special Report
BUCDA Bulletin of the Georgia Academy of Sciences

CAFGA California Fish and Game (US)

CAFNA Canadian Field Naturalist (Canada)

CFGGA California Department of Fish and Game, Game Bulletin

CGFPA Colorado Division of Game, Fish, and Parks Special Report (US)
CJZOA Canadian Journal of Zoology (Canada)

CNSVA Conservationist

CWPNB Canadian Wildlife Service Progress Notes

CWRSB Canadian Wildlife Service Report and Management Bulletin Series
CWSPA Colorado Division of Wildlife Special Report
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ECMOA
ECOLA
EKIAA

FUNAA
FUOFA

IGWBA
IJBMA

JANSA
JAPEA
JASTIA
JAURA
JBLPA
JCECD
JEVMA
JOMAA
JRMGA
JRPFA
JTBIA
JULRA
JWMAA
JZ00A

KPSUA

LLOYA

- MAMLA
MDCBA
MDCRA
MMLRA
MRLTA
MUZPA

NAHTA
NATUA
NAWTA

NCANA
NEJZA
NFGJA
NOSCA
NPSMD

Ecological Monographs (US)
Ecology
Ekologiya (USSR)

Fauna (0slo)
Fauna och Flora (Stockholm)

Idaho Department of Fish and Game Wildlife Bulletin
International Journal of Biometeorology

Journal of Animal Science (US)

Journal of Applied Ecology (England)

Journal of Agricultural Science (England)
Journal of Auditory Research

Jelen

Journal of Chemical Ecology

Journal of Environmental Management (England)
Journal of Mammalogy (US)

Journal of Range Management (US)

Journal of Reproduction and Fertility (England)
Journal of Theoretical Biology

Journal of Ultrastructure Research

Journal of Wildlife Management (US)

Journal of Zoology (London)

Khimiya Prirodnykh Soedinii (Tashkent) (USSR)
Lloydia

Mammalia (France)

Minnesota Department of Conservation Technical Bulletin

Michigan Department of Conservation Game Division Report (US)

Mammal Review (England)

Murrelet, The

Miscellaneous Publications, Museum of Zoology, University of Michigan

Natural History (US)

Nature (England)

North  American Wildlife and Natural Resources Conference,
Transactions of the, (US)

Naturaliste Canadien, Le

Netherlands Journal of Zoology

New York Fish and Game Journal (US)

Northwest Science (US)

United States National Park Service Scientific Monograph Series
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NTCNB
NYCOA
NZFSA
NZJSA

0JSCA

PCGFA

PIAIA
PMACA
PNASA
PPASA
PVPCB
PZSLA

QJFAA
QRBIA
QSFRA

RPHRA
RWLBA

SCBUB
SCIEA
SCZFA
SSBLA
STKMB
SWNAA
SYLVA
SZSLA

TETRA
TISAA
TJSCA
TNWSD

UABPA
UAXBA
UCPZA

VDZGA
VETRA
VJSCA
VLUBB

Nature Canada (Canada)

New York State Conservationist

New Zealand Journal of Forest Science
New Zealand Journal of Science

Ohio Journal of Science (US)

Proceedings of the Southeastern Association of Game and Fish
Commi ssioners (US)

Proceedings of the Iowa Academy of Science (US)

Papers of the Michigan Academy of Sciences, Arts and Letters

Proceedings of the National Academy of Sciences of the United States

Proceedings of the Pennsylvania Academy of Science

Proceedings of the Vertebrate Pest Conference

Proceedings of the Zoological Soclety of London

Quarterly Journal of the Floridal Academy of Science

Quarterly Review of Biology
Quebec Service de la Faune Rapport (Quebec Wildlifel Service Report)

Recent Progress in Hormone Research
Roosevelt Wildlife Bulletin

Sierra Club Bulletin

Science

Schweizerische Zeitschrift fuer Forstwesen
Sel'skokhozyaistvennaya Biologiya

Saeugetierkundliche Mitteilungen

Southwestern Naturalist (US)

Sylva

Symposia of the Zoological Society of London (England)

Tetrahedron

Transactions of the Illinois State Academy of Science (US)
Texas Journal of Science

Transactions of the Northeast Section, The Wildlife Society

Biological Papers of the University of Alaska
Utah Agricultural Experiment Station Bulletin
University of California Publications in Zoology

Verhandlungen der Deutschen Zoologischen Gesellschaft
Veterinary Record

Virginia Journal of Science

Vestnik Leningradskogo Universiteta Biologiya
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WCDBA
WGFBA
WLMOA
WLSBA
WMBAA
WSCBA

XAFNB
XFNCA
XIWFA
XNFSA

ZEJAA
ZETIA
ZOBEA
Z0GAA
ZOLZA
Z00OAA
ZOOLA
ZSAEA

Wisconson Conservation Department Technical Bulletin
Wyoming Game and Fish Commission Bulletin

Wildlife Monographs

Wildlife Society Bulletin

Wildlife Management Bulletin (Ottawa) Series 1
Wisconsin Conservation Bulletin

Forest Service Research Note NC (US)

Forest Service Research Paper NC (US)

D A, Biological Survey, North American Fauna

National Park Service Fauna of the National Parks of the United
States, Fauna Series

Zeitschrift fuer Jagdwissenschaft
Zeitschrift fuer Tierpsychologie
Zoologisch Beitraege

Zoologische Garten

Zoologicheskii Zhurnal (USSR)
Zoologica Africana

Zoologica (New York)

Zeitschrift fuer Saeugetierkunde
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LIST OF PUBLISHERS - CHAPTER THREE

The headings for the lists of BOOKS are:

TYPE PUBL CITY PAGE ANIM KEY WORDS —— - AUTHORS/EDITORS-- YEAR

All essential information for finding each book in the 1library is
given on just one line. The TYPE of book could have either AUTHORS (aubo)
or EDITORS (edbo). Publishers (PUBL) and CITY of publication are given with
four-letter mnemonic symbols defined below. The PAGE column gives the
number of pages in the book; ANIM refers to the species discussed in the
book (given as a four-letter abbreviation of genus and species), and KEY
WORDS listed are from the title. The AUTHORS/EDITORS and YEAR of publica-
tion are given in the last two columns,

acpr Academic Press : New York, NY nyny
anth Antheneum New York, NY nyny
apcc Appleton-Century—Crofts New York, NY nyny
blai Blaisdell New York, NY nyny
ccth Charles C. Thomas ' Springfield, IL spil
cite Cambridge Institute ,

of Terrestrial Ecology Oxford, England oxen
cnha Chapman & Hall London, England loen
dodo Doubleday Doran New York, NY nyny
dohr Dowden, Hutchinson, & Ross Stroudsburg, PA stpa
elpu Elsevier Press New York, NY nyny
epdu E. P. Dutton New York, NY nyny
fost Forest and Stream Publishing Co. New York, NY nyny
hill Hill London, England loen

iuen International Union for the
Conservation of Nature
and Natural Resources Morges, Switzerrland mosw

jwis John Wiley and Sons, Inc. _ New York, NY nyny
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macm
meth
mhbc

olbo
oxup

phli
plpc
plpr
prha

qupr

saco
stac

tapl
ther

ucap
uchp
unbp
uopr
uwyp

whfr
wimi
wiso
wiwi

MacMillan Co.
Methuen & Co., Ltd.
McGraw-Hill Book Company, Inc.

Oliver & Boyd
Oxford University Press

Philosophical Library

Plenum Publishing Corporation
Plenum Press

Prentice-Hall, Inc.

Queen's Printer

Saunders Publishing Co,
Stackpole Company, The

Taplinger
Thomas Crowell Co.

University of California Press
University of Chicago Press
University of Nebraska Press
University of Oklahoma Press
University of Wyoming Press

W. H. Freeman Company
Wildlife Management Institute
Wildlife Society, The
Williams and Wilkins

New York, NY
London, England
New York, NY

Edinburgh, Scotland
London, England

New York, NY
New York, NY
New York, NY
Englewood Cliffs, NJ

Ottawa, Ontario

Philadelphia, PA
Harrisburg, PA

New York, NY
New York, NY

Berkely, CA
Chicago, IL
Lincoln, NE
Norman, OK
Laramie, WY

San Francisco, CA
Washington, DC
Washington, DC
Baltimore, MD
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loen
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edsc
loen

nyny
nyny

ecnj

oton

phpa
hapa

nyny
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beca
chil
line
nook
lawy

sfca
wadc
wadc
bama



GLOSSARY OF ANIMAL CODE NAMES

Wild ruminants are referred to in this CHAPTER by a 4-character
abbreviation from the family, genus and genus—species, These are listed
below under Abbreviation.

Scientific names of North American wild ruminants are those used in
BIG GAME OF NORTH AMERICA, edited by J.C. Schmidt and D. L. Gilbert (1979:
Stackpole Books, Harrisburg, PA 17105, 494 p.), and may be different from
the scientific names given in the original literature.

The abbreviations used for North American wild ruminants are listed
below. ,

CLASS: MAMMALIA

ORDER: ARTIODACTYLA Abbreviation
FAMILY: CERVIDAE ' cerv
GENUS: Odocolleus (deer) od--
SPECIES: 0. virginianus (white~tailed deer) odvi
0. hemionus (mule deer) odhe
GENUS: Cervus (Wapiti, elk) ce——
SPECIES: C. elaphus ceel

GENUS: Alces (moose)
SPECIES: A. alces alal

GENUS: Rangifer (caribou)
SPECIES: R. tarandus rata

FAMILY: ANTILOCAPRIDAE
GENUS: Antilocapra

SPECIES: A. americana (pronghorn) - anam
FAMILY: BOVIDAE bovi
GENUS: Bison (bison) bi~--
SPECIES: B. bison bibi
GENUS: Ovis (sheep) ov--
SPECIES: O. canadensis (bighorn sheep) : ovca
0. dalli (Dall's sheep) ovda

GENUS: Ovibos
SPECIES: 0. moschatus (muskox) obmo

GENUS: Oreamnos
SPECIES: O. americanus (mountain goat) oram
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The abbreviations used for European wild ruminants are listed below.

CLASS: MAMMALIA

ORDER: ARTIODACTYLA Abbreviation
FAMILY: CERVIDAE cerv
GENUS: Capreolus (roe deer) ca—-—
SPECIES: C. capreolus caca
GENUS: Dama (fallow deer) da--
SPECIES: D. dama dada
GENUS: Cervus (Wapiti, elk) ce——
SPECIES: C. elaphus (red deer) . ceel
GENUS: Alces (moose)
SPECIES: A. alces alal
GENUS: Rangifer (caribou)
SPECIES: R. tarandus rata

FAMILY: BOVIDAE
GENUS: Bison (bison)

SPECIES: B. bonasus bibo
GENUS: Capra (ibex, wild goat) cp——
SPECIES: C. aegargrus(Persian ibex) cpae
C. siberica (Siberian ibex) cpsi

OTHERS

Abbreviations for a few other specles and groups of species may appear
in the reference lists. These are listed below.

Axis axis (axis deer) axax
Elaphurus davidianus (Pere David's deer) elda
Cervus nippon (Sika deer) ceni
Hydropotes inermis (Chinese water deer) hyin
Muntiacus reevesi (Chinese muntjac) mure
Moschus moschifer (Chinese musk deer) momo
Ammotragus lervia (Barbary sheep) amle
Ovis nivicola (snow sheep) ovni
Ovis musimon (moufflon) ovmu
Ovis linnaeus (Iranian sheep) : ovli
Rupicapra rupicapra (chamois) ruru
big game biga
domestic sheep ' dosh
domestic cattle doca
domestic goat dogo
domestic ruminant doru
mammals mamm
three or more species of wild ruminants many
ruminants rumi
ungul ates ungu
vertebrates ‘ vert
wildlife wldl
wild ruminant wiru
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JULIAN DAY: MONTH AND DAY EQUIVALENTS*

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Day

1 001 032 060 091 121 152 182 213 244 274 305 335 1
2 002 033 061 092 122 153 183 214 245 275 306 336 2
3 003 034 062 093 123 154 184 215 246 276 307 337 3
4 004 035 063 094 124 155 185 216 247 277 308 338 4
5 005 036 064 095 125 156 186 217 248 278 309 339 5
6 006 037 065 096 126 157 187 218 249 279 310 340 6
7 007 038 066 097 127 158 188 219 250 280 311 341 7
8 008 039 067 098 128 159 189 220 251 281 312 342 8
9 009 040 068 099 129 160 190 221 252 282 313 343 9
10 010 041 069 100 130 161 191 222 253 283 314 344 10
11 011 042 070 101 131 162 192 223 254 284 315 345 11
12 012 043 071 102 132 163 193 224 255 285 316 346 12
13 013 044 072 103 133 164 194 225 256 286 317 347 13
14 014 045 073 104 134 165 195 226 257 287 318 348 14
15 015 046 074 105 135 166 196 227 258 288 319 349 15
16 016 047 075 106 136 167 197 228 259 289 320 350 16
17 017 048 076 107 137 168 198 229 260 290 321 351 17
18 018 049 077 108 138 169 199 230 261 291 322 352 18
19 019 050 078 109 139 170 200 231 262 292 323 353 19
20 020 051 079 110 140 171 201 232 263 293 324 354 20
21 021 052 080 111 141 172 202 233 264 294 325 355 21
22 022 053 081 112 142 173 203 234 265 295 326 356 22
23 023 054 082 113 143 174 204 235 266 296 327 357 23
24 024 055 083 114 144 175 205 236 267 297 328 358 24
25 025 056 084 115 145 176 206 237 268 298 329 359 25
26 026 057 085 116 146 177 207 238 269 299 330 360 26
27 027 058 086 117 147 178 208 239 270 300 331 361 27
28 028 059 087 118 148 179 209 240 271 301 332 362 28
29 029 [060] 088 119 149 180 210 241 272 302 333 363 29
30 030 089 120 150 181 211 242 273 303 334 364 30
31 031 090 151 212 243 304 365 31

* For leap year, February 29 = JDAY 60, Add 1 to all subsequent JDAYs.
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