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BE MERCIFULLY CLEAR

Wayne van Zwoll, 109 Highland Drive, Bridgeport, Wa. 98813

Abstract

This talk is about words. To do anything useful for elk we must first do something
with words. Without words we can neither learn nor teach about elk, cannot convince
other people to give money for the conservation of elk. What we say and write
determine, more than anything else, the future of elk.

Wildlife Report Writing

John Ruskin said, "The greatest thing a human soul ever does in this world is to see
something and tell what it saw in a plain way." Processing what you see and
presenting a clear picture of it to someone else is not only useful, but hard. Some
people who know a great deal contribute little because they don't know how to tell
what they saw in a plain way. Roughly 20 percent of all business and government
correspondence is written to explain other correspondence.

Clarity seems such an elementary thing nobody practices it. Most of us here can run
if need be. Some run often, to keep in shape. Few train hard enough to run well.
Writing is much like running. The basics are easy to learn, but you will not write
well unless you work hard at it, minding little things that make a lot of difference.
To write clearly you must be precise, concise and competitive.

Being precise is more than being accurate; it's saying what will give someone else
the right idea. Writing succeeds when the reader comes to think as you would have
him think.

A lot of imprecise writing comes from where you would expect precision: wuniversities
and government. Perhaps in self-defense a welfare office published these notes from
its clients:

"I am forwarding my marriage certificate and my three children, one of which is a
mistake, as you can see.

Unless I get my husband's money pretty soon I will be forced to lead an immortal
life.

In accordance with your instructions, I have given birth to twins in the enclosed
envelope.

You have changed my little girl to a boy. Will this make any difference?

My husband got his project cut off two weeks ago and I haven't had any relief
since".

Robert Louis Stephenson once said: "Don't write merely to be understood; write so
you cannot possibly be misunderstood". You needn't tell all you know; clear pictures
are simple ones. Saying what is important is less a virtue than not saying what
isn't . To write precisely you must cull ruthlessly the words that don't matter,
then order the rest. You must direct your reader through what isn't essential to
what is. It is presumptuous to throw words out for him to sift. If you won't define
the essence of your work, don't expect it of him. :

Being precise not only makes things easy on your reader; it consolidates your
authority. Cutting through a jungle of clutter you bring others to a place. You are
a leader, with a mission. As a leader, you must set the pace. To keep it brisk, to
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keep your destination clear, make your words count, Make them strong, lucid,
purposeful -- and well-ordered. A lot of confusion comes from poor chronology. For

Example: "I cannot get sick pay. I have six children. Can you tell me why"?

We've been told to avoid cliches and euphemisms. They are still rampant. Cliche is
from a French verb, meaning to stereotype or cast from a mold. Trite words project
trite thoughts and a lazy writer. Some are easy to spot: "throw in the sponge”,
"draw the line", "bated breath". But how about "habitat destruction", "critical elk
winter range", "environmental impact®"? These are pretty descriptive, but so are all
cliches. When a phrase seems so natural you don't think about it, likely your reader
won't either. Keep him alert with words that say precisely what you want them to.

If you can't find an original way to make your point, your point probably isn't
original either.

"Euphemism" derives from a Greek root meaning "words of good repute". Euphemisms
skirt what you must define. They are indirect ways to say what you haven't the
courage or honesty to say directly. If you want to say "die", say "die", not "suffer
mortality". Use "fat", not "rotund"; "sick", not "indisposed"' "finish", not
"finalize". One of the most irritating euphemisms is the use of "harvest" for
"kill". Shocks of grain and big pumpkins and the first Thanksgiving have nothing to
do with shooting an animal. "Kill" is what hunters do. If that's wrong let's stop
it; if it isn't there's no need to apologize with a euphemism. ("Harvest" is a
legitimate way to describe a collective kill in the context of game management.
That's different than harvesting an elk with your .338.)

Being precise is tearing away peripheral ideas to expose the core of what you want to
say. Being concise is paring that core to a few words. Short is always best --
short words, short sentences, short paragraphs. Try to make at lease 75X of your
words one-syllable. Keep sentences to two lines or less. Get at least three
paragraphs on each page. Avoid redundancies: "Totally destroyed" is no more
destroyed than "destroyed". Write as if each word on the page costs you a quarter.

Most of us think simple thoughts. But lots of writing in our profession is long and
tiresome. The last paper I read -- an abstract for a proposal to do research to
yield a report -- was longer than the Gettysburg Address! The proposal, at over
15,000 words, was 10 times as long as our Declaration of Independence! In Hamlet,

Polonius said that brevity is the soul of wit. It is also the essence of good
writing.

You don't often find something that's too brief. I did, in my letters from the
welfare office:

"This is my eighth child. What are you going to do about it"? So brief it misleads,
this nonetheless has a certain charm. It grabs your attention. Your interest hasn't
a chance to wander. Before you know it, you have read the whole thing. Not so with
the writing most of us read most of the time. It's more like this:

"The estimate of net willingness to pay is the end result of a series of mathematical
and statistical operations on the aggregated data. One item of interest about
estimated net willingness to pay is the sensitivity of this estimate to variation
within the travel cost data. This variation is initially seen in the computed
statistical confidence interval associated with the estimate of each coefficient of
the visit-per-capita regression model."

This sort of thing would have dismayed Solomon, who wrote in Ecclesiastes: "The more
the words, the less the meaning, and how does that profit anyone?"
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But short isn't enough. You can be precise and concise and still be dull. Dull is
deadly. People don't read dull things. If you have worked hard enough to write
accurately and tightly you might as well go all the way and write vividly. Oliver
Wendell Holmes said: "A word is the skin of a living thought." Active, moving words
are what people want to read. They are the kind of competitive words you see in
magazine ads.

Advertising is a good study in competitive writing because it is the most competitive
there is. Ad writing hooks you right away, quickly delivers a message, leaves you
with a strong image. An ad is short but powerful, plain but compelling. We remember
it, if only to look for the next ad in the series.

One reason scientific writing and government reports are dull is that the people who

write them want to be safe. They couch statements in qualifiers -- “generally",
"usually", "as a rule" -- and use timid words instead of bold ones: "“suggest",
"implies", "tends to confirm". It's as if we have to remind the reader on every line

that nothing is for sure. Pretty soon he tires of reading about things that might be
and reads elsewhere about things that are.

Another contributor to dull writing is the buzzword. Sometimes you must use uncommon
words or words specific to a subject. It's hard to talk about antler development
without "pedicel", or ruminant digestion without "abomasum". But for most complex
words there are simple words or phrases that mean the same thing and sharpen the im-
age. Words like "interface" and "verbalize" and "biofeedback" are pompous words that
blunt your writing.

A sure way to make your work dull is to stay in the passive voice. That is, instead
of saying "I shot a bull on the Colockum" you would say "A bull was shot by me on the

Colockum." To drain all the life from that, you could say "An elk was harvested by
me on the Colockum unit." We don't talk in passive voice; there's no reason for us
to write that way -- at least, most of the time.

But we do write that way, almost all the time. It sounds objective to say in a
proposal "the elk will be visually'monitored“. It sounds subjective and unscientific
to say "I'll watch the elk." But if all you are going to do is watch the elk you
needn't apologize. And if you are indeed going to watch the elk, someone will be
glad to know that you know you are supposed to watch the elk!

Passive voice can be useful. Saying "elk were transplanted in the Siskiyous" is a
pretty good way to say they were -~ unless you want to tell who was involved. But
passive things in general put people to sleep. We don't like to watch passive movies
or listen to passive speeches. We can hardly expect others to read our passive
writing.

I was surprised to find in my welfare notes one written in passive voice:

"Mrs. Jones had not had any clothes for a year and has been visited regularly by the
clergyman."

Perhaps the writer was trying to add dignity.

I hear that scientific writing and government reports have little in common with
popular writing. I hear it from the same people who use the word "professional"

a lot. It's as if to be professional you must be obscure. To be understood is to
admit mortality. Some of these writers are bright people with a good grasp of
grammar. Their writing is correct, but as sterile as a boiled beaker. It has too
many words, too little focus, no life.

Scientific writing has a great deal in common with popular writing: If nothing else,
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it begs a reader. It also demands revision. First drafts are merely your notes in
sentences. To produce good writing you must throw away a lot -- a lot of words, a
lot of time, a lot of paper. But all that is not really lost. It's like wax in a
casting process, sacrificed for the finished part. Someone said it this way: "If
there's not enough fire in your writing, there's probably not enough of your writing
in the fire." Better that you throw a draft in the fire than a reader toss your
final work.

Everything you write competes for your reader's time with a lot of other writing.
There's far too much to read. I get lots of mail and I don't read it all. Some of
what I discard has ideas that would benefit me. I throw it because it doesn't
instantly compel me to read it. A fish is a fish, be it dead in the belly of a boat
or tailwalking on a tight line. We ignore one, raptly watch the other,

In South Africa last year I climbed to a cave where Bushmen had painted. It was a
lot of trouble for a Bushman to paint, and there aren't very many good paintings
left. The one I examined had been carefully done. It was a clear picture.

I came back from South Africa and found more advanced work: "The effectiveness and
efficiency of each measure's performance was determined on the bases of the kinds and
magnitude of outputs each measure offered." 1 didn't like that picture, so I found
another: ™The final iteration of plan formation was to select from among the various
combinations of compatible measures, the plan that was effective and efficient over
the broadest range of planning objectives." Perhaps you get better mail.

Clear writing takes a lot of time, and most wildlife people would rather do their
work than write about it. The catch is that writing about what you do is part of
what you do. 1It's not something you tack on when you find time. Saying you have no
time to write, well is like saying you have not time to eat well.

Being mercifully clear is more than just being kind to your reader or cleverly
packaging your message. It is doing yourself a favor. You are what you write; at
least, readers think so. To meet someone you have read and be disappointed credits
that writer. Most would be delighted to hear they fall short of their work. What
you write will likely be remembered longer by more people than anything else about
you. What you write is your public self, the image of your work. Make it precise,
lively enough to compete with letters to a welfare agency. Tell what you saw in a
plain way. Be mercifully clear.



SIMULATIONS EVALUATING THE EFFECTS OF VARIOUS HARVEST METHODS ON YIELD AND
ANTLER SIZE OF ELK

Thomas H. Thelen
Department of Biology
Central Washington University
Ellensburg, WA 98926

Abstract

Computer models have been employed to determine the effects various hunting
plans have on the yield and composition of elk populations. These models have
provided the professional wildlife manager a valuable tool, but have not
considered what might be happening to the gene pool of the population. Such
genetic considerations are important in that some proposals may provide
favorable yields, but may cause progressive deterioration of antler size over
the years. To evaluate both these components (yield and antler size), a series
of programs have been developed. Results of running these programs indicate
that while some harvest methods can be expected to cause a reduction in antler
size, others can actually lead to an improvement in the gene pool and at the
same time provide favorable yields. The development of the computer models and
the results from using these models under various harvest methods will be
discussed.

Introduction

Computer programs have been employed to determine the effects various harvest
plans have on yield and composition of elk populations. These programs have
provided the professional wildlife manager a valuable tool, but have not
considered the effects of the harvest options on the gene pool contributing to
antler size. Such genetic considerations are important in that some harvest
options may provide favorable yields, but may cause serious deterioration of
antler size over the years. For this reason a program has been developed which
considers both total harvest yield and the effects of the yield on the genes
influencing antler size within elk populations.

Description of the Program

At the onset of the program, a population of approximately 1000 elk is created.
Each animal in this population is characterized by values relating to the
animal's age, sex, and genotype. In addition, bulls are characterized by values
representing #n environmental effect, an antler potentiality score, and the
number of poi fs per antler. Relative to these characteristics, the population
is generated ih such a way that its composition is similar to that expected for
a natural non—ﬂ?nted population.

The genotypes are prgduced by randomly assigning twenty plus or minus characters
to each animal in th€ population. The twenty characters symbolize ten pairs of
genes and represent the total genetic contribution to the size of an animal's
antlers.



The ten pairs of genes can act under any one of three optional types of genetic
control. The first assumes a lack of dominance at all ten loci. The second is
more complex than the first as it includes some loci exhibiting complete
dominance and some exhibiting partial dominance. The third option is the most
complex, since it includes loci exhibiting lack of dominance, partial dominance,
complete dominance, and overdominance.

Values associated with the lack of dominance option (and assuming no
environmental influence) are shown in figure 1. When applied to an animal's ten
pairs of genes, these values determine that animal's genotypic score. Notice
from the figure that with this type of genetic control, the values associated
with heterozygosity at any locus are always intermediate between homozygosity
for the favorable allele (represented by a pair of pluses) and homozygosity for
the unfavorable allele (represented by a pair of minuses).

Figure #1. Values of genotypes for each of 10 pairs of genes when all loci
exhibit a lack of dominance and no environmental influence exists.

Genotypic Values
(H=1 or H=0)

Gene
Pair ++ +- -
1 64 45 26
2 62 39 16
3 58 39 20
4 56 39 22
5 54 33 12
6 50 30 10
7 40 24 8
8 36 21 6
9 34 18 2
10 24 12 0

Figure 2 shows the genotypes which might be generated for two bulls within a
particular population. The genotype on the left characterizes a bull with a
favorable genotype and the genotype on the right that of one with a less
favorable genotype. The scores associated with each pair of alleles occur when
all loci exhibit a lack of dominance (and there is no environmental influence),
hence they are derived from the values shown in figure 1.



Figure #2. Genotypes and scores of two typical bulls. Values assume the lack
of dominance and no environmental influence options have been selected.

Bull with Bull with
Favorable Genotype Unfavorable Genotype
—— (26) +-  (45)
+-  (39) -  (16)
+-  (39) +-  (39)
++ (56) ++ (56)
-+ (33) +-  (33)
++ {50) -- (10)
+-  (24) — ( 8)
++ (36) -+ (21)
-+ (18) — (2)
++  (24) +-  (12)
Genotypic Score = 345 Genotypic Score = 242

A percentage of the score generated by the 10 pairs of genes and a percentage of
a score representing the environmental influence are combined for each bull to
generate the animal's antler potentiality score.

Any of five levels of environmental influence can be used. They are levels in
which the environment provides either 0%, 25%, 50X, 75%Z, or 100X of the
variation in potentiality scores. When the 25% option is used, for example, the
potentiality score of an animal is determined by taking 752 of its genotypic
score and adding it to 257 of another value which has been randomly generated

from a distribution with properties like those characterizing the genotypic
scores.

The potentiality score and the age of the bull determine the number of points
per antler for each bull. The relationship between these values and antler size
used to generate the results presented in the next section of this paper is
shown in table 1. Yearling bulls (those listed as one year old), for example,
had a single point if their score was less than .8 standard deviations (based on
the expected standard deviation for calves in the initial population) above 300
(which is the expected mean of calves in the initial population). Those with a
higher score, but one that was less than 1.2 standard deviations above the mean,
have two points. Those with still higher scores had 3 or more points depending
on how high their score was.



Table #1. Relationship between number of points and age of bull. Values in the
table represent the antler potentiality scores in terms of standard deviations
from a mean of 300. The number of points listed in any column is appropriate
only when the nearest column to the left does not apply.

Number of Points (per antler)

1 2 3 4 5 6 7 8

9+ <-3.6 <-2.8 <-2.0 <-1.2 <-0.4 <+0.4 <{+1.2 1.2+

8 <-4.0 <-3.2 <-2.4 {-1.6 £{-0.8 < 0.0 <+0.8 0.8+

7 <-4.0 <-3.2 <-2.4 <-1.6 <-0.8 < 0.0 <+0.8 0.8+
Age 6 {-4.0 <-3.2 <-2.4 <-1.6 <-0.8 < 0.0 <+0.8 0.8+
of 5 <-3.6 <-2.8 £-2.0 <-1.2 <{-0.4 <+0.4 <+1.2 1.2+
Bull 4 <-2.8 <-2.0 <-1.2 {-0.4 <+0.4 <+1.2 <+2.0 2.0+

3 <-2.0 <-1.2 {-0.4 <£+0.4 <+1.2 <+2.0 <+2.8+ 2.8+

2 <-1.2 <-0.4 <+0.4 {+1.2 {+2. <+2.8 2.8+ -

1 <+0.8 <+1.2 {+1.6 <{+2.0 <{+2.8 2.8+ - -

The potentiality score represents a value indicative of how large a bull's
antlers will be when the bull is of optimal age. While the score actually
represents only a relative value, the scores can be extrapolated to those used
in Pope and Young or Boone and Crocket scoring. All elk populations, regardless
of options selected, are initially generated to have an average potentiality
score slightly below 300. The mean of calves and yearling bulls is expected to
be 300, but because of score dependent mortality, older bulls tend to have
somewhat lower scores and a standard deviation of approximately 40.

After the initial population is generated, a variety of bull harvest methods are
available. They include existing practices of annually harvesting any antlered
bull, annually harvesting 3 point or better bulls, annually harvesting 5 point
or better bulls, and annually harvesting only non-branch antlered bulls (spike
bulls). Other methods of harvest, which have been developed for use with this
program, are also available. They are the cyclic plans in which non-branch
antlered bulls are harvested every year, and all other antlered bulls are
harvested every second, third, fourth, or sixth year. The option of not
harvesting any bulls is also available.

The harvest of bulls is based on a selected percentage. The harvest can be
either uniform (the same percentage for legal bulls of all ages), or age
dependent. Age dependent harvest options include a decreasing likelihood of
10%, 25%, or 501 for each year of age, with the minimum likelihood of harvest
being 10% or 25% of the maximum. For example, if the percentage of harvest
selected for the youngest legal bulls is 80%, and if a 50% decrease in
likelihood for each year of age is selected along with a minimal harvest that is
25% of that of the maximum; then a one year old legal bull would have an 80%
chance, a two year old legal bull a 40% chance, and all legal bulls three years
or older a 207 chance of being harvested.

The option of including cows and calves in the harvest is also provided. The
number of these animals harvested each year will fluctuate since the percentages
are based on the numbers of calves and cows that are available each year.



Statistics are collected before and after each selective harvest. Included are
average antler potentiality scores, the numbers and types of animals existing
before and after selective harvest, and the numbers and types of animals
harvested. Bulls are assumed to contribute to the gene pool of the calf crop
prior to any selective harvest. While all adult bulls have some chance of siring
offspring, the likelihood is both age and score dependent. The optimal age of
bulls is from 5 to 10. Bulls of 4 or 10 to 12 years of age are 20Z less likely,
those 3 or 13 or more years of age are 40% less likely, those 2 years of age are
60% less likely, and those 1 year of age are 85% less likely to sire a
particular calf than are bulls of optimal age.

A bull is also 0.5% less likely to sire a calf for each point that its score
deviates from the optimum of 330. A 3 year old bull with a score of 270, for
example, will be 42% [(1-.40) x (1-(.005 x (330-270)))] as likely to sire a
particular calf as a bull of optimal age and score. Only cows surviving the
selective harvest and normal yearly mortality produce calves.

The probability that a surviving cow will produce a calf is determined largely
by age dependent fertility rates. The rates used to generate the results given
in the next section of this report were 60%, 87%, 93%, 93%, 93%Z, 93%, 937, 91%,
89%, 86%, 84%, 81%, 78%Z, 74%, 70X, and 0% for cows 1 through 16 years of age,
respectively.

Fertility and survival rates are also density dependent. When the size of the
existing population is below carrying capacity, survival and fertility rates
increase (because mortality and infertility decrease); whereas when the size is
above carrying capacity, survival and fertility rates decrease.

Carrying capacity can be specified as 1000 or 2000 animals. When the size of the
population (PSIZE) is below carrying capacity (CCAP), mortality rates decrease
by the amount DEC determined by the first equation listed below, and infertility
rates decrease by twice this amount. When the size of the population is above
carrying capacity, mortality rates increase by the amount INC determined by the
second equation, and infertility rates increase by twice this amount. DEC = 0.5
times the Square Root of ((CCAP-PSIZE)/CCAP) INC = 0.5 times the Square Root of
((PSIZE-CCAP)/CCAP)

Normal male survival (which excludes density dependent and selective harvest
effects) is dependent upon age and the potentiality score (and therefore on
antler size since greater size increases energy expenditure during and after the
rut). The columns in tables 2A and 2B give the yearly survival rates used for
calves through bulls 16 years of age. As can be seen from the tables, survival
of a bull of a particular age depends on its potentiality score (in terms of
standard deviations from a mean of 300). A bull four years of age with a score
of 340 (one standard deviation above the mean), for example, had a 72% chance of
surviving an additional year.



Table 2A.

Yearly survival rates for bulls.

The columns give survival rates for
bulls of various ages, the rows give rates for bulls in terms of how far their
antler potentiality scores deviate (in standard deviations) from the mean.

Calf 1 2 3 4 5 6 7 8
> 3.6 .700 .664 .663 .657 .612 .567 .540 .540 .510
> 3.2 .700 .680 .680 .675 .630 .585 .558 .558 .527
> 2.8 .700 .696 . 697 .693 .648 .603 .576 .576 .544
> 2.4 .700 L712 .714 .711 .666 .621 .594 .594 .561
> 2.0 .700 .728 .731 .729 .684 .639 .612 .612 .578
> 1.6 .700 144 .748 747 .702 .657 .630 .630 .595
> 1.2 .700 .760 .765 .765 .720 .675 .648 .648 .612
> 0.8 .700 L7176 .782 .783 .738 .693 .666 .666 .629
> 0.4 .700 .792 .799 .801 .756 .711 .684 .684 .646
> 0.0 .700 .800 .833 .819 774 .729 .702 .702 .663
>-0.4 .700 .800 .850 .837 .792 747 .720 .720 .680
>-0.8 .700 .800 .850 .855 .810 .765 .738 .738 .697
>-1.2 .700 .800 .850 .873 .828 .783 .756 .756 714
>-1.6 .700 .800 .850 .900 .846 .801 174 174 .731
>-2.0 .700 .800 .850 .900 .864 .819 .792 .792 .748
>-2.4 .700 .800 .850 .900 .900 .837 .810 .810 .765
>-2.8 .700 .800 .850 .900 .900 .855 .828 .828 .782
>-3.2 .700 . 800 .850 . 900 .900 .900 .846 .846 .799
>~3.6 .700 .800 .850 .900 .900 .900 .900 .900 -850
£-3.6 .700 .800 .850 .900 .900 .900 .900 .900 .850

Table 2B. A continuation of table 2A.

Again the columns give survival rates for

bulls of various ages, the rows give rates for bulls in terms of how far their
antler potentiality scores deviate (in standard deviations) from the mean.

9 10 11 12 13 14 15 16
> 3.6 .504 472 441 .409 .347 .252 .126 .000
> 3.2 .520 .487 .455 .422 .357 .260 .130 .000
> 2.8 .536 .502 .469 .435 .369 .268 .134 .000
> 2.4 .552 .517 .483 448 .380 .276 .138 .000
> 2.0 .568 .532 .497 L461 .391 .284 L 142 .000
> 1.6 .584 .548 .511 .475 .402 .292 .146 .000
> 1.2 .600 .563 .525 .487 .413 .300 .150 .000
> 0.8 .616 .577 .539 .500 424 .308 .154 .000
> 0.4 .632 .593 .553 .513 .435 .316 .158 .000
> 0.0 .648 .608 .567 .526 446 .324 .162 .000
>-0.4 .664 .623 .581 .539 .456 .332 .166 .000
>-0.8 .680 .638 .595 .553 .468 .340 .170 .000
>-1.2 .696 .653 .609 .565 .479 .348 174 .000
>-1.6 L712 .668 .623 .578 .490 .356 .178 .000
>-2.0 .728 .683 .637 .591 .501 .364 .182 .000
>-2.4 .T44 .697 .651 .604 .512 .372 .186 .000
>-2.8 .760 L712 .665 .617 .522 .380 .190 .000
>-3.2 .776 .728 .679 .631 .534 .388 .194 .000
>-3.6 .800 .750 .700 .650 .550 .400 .200 .000
<-3.6 .800 .750 .700 .650 .550 .400 .200 .000
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Normal female survival (excluding density dependent effects) is dependent upon
age. The survival rates used to produce the results given later were 70%, 80%Z,
85%, 90%, 90%, 90%, 90%, 90%, 85%, 80%, 75%, 70%, 65%, 55%, 40%, 20X, and 0% for
calves through sixteen-year-olds, respectively.

The number of calves produced each fall depends on cow survival rates, cow
fertility rates, and on the rate of survival of the new individual from
conception to 6 to 9 months of age. It is assumed that there are equal numbers
of males and females conceived, but that survival to 6-9 months of age is 60%
for males and 65% for females. These survival rates, however, are subject to
the same degree of density dependent modification as the other survival rates.
In producing offspring, gametes from cows and bulls are randomly combined. While
each of the cows can produce no more than one calf per year, individual bulls
can have many offspring.

After each crop of calves is produced (and the survivors have aged a year), the
antler size of each bull is again determined and statistics on the composition
of the herd are again compiled. This process of selective harvest, of mating
and generating a new calf crop, and of determining normal yearly survival can be
continued for as many as 100 years.

An automated version of the program is available which allows options to be
selected and then runs each of as many as twenty populations for up to fifty
years. This version collects the statistics from the individual populations and
compiles averages based on all of them.

Comparison of Harvest Plans

Simulations should not be expected to exactly duplicate behavior of natural
populations. There are too many variables which cannot be determined with
certainty that influence populations. The point of computer simulation,
therefore, is seldom to mimic the exact behavior of a particular population, but
instead is to gain insights as to how certain factors influence natural
populations and to get some idea as to the magnitude of effects.

Simulations do offer distinct advantages over field studies of natural
populations when evaluating factors influencing populations. Besides cost and
time considerations, an important advantage is that simulations can be repeated
many times, and under conditions in which only the factor being considered is
varied. This allows an evaluative approach similar to that used in laboratory

studies, where experimental conditions are held as constant as possible over
time.

To evaluate the effects of various harvest methods, the automated version of the
program described earlier was run repeatedly under conditions in which only the
harvest method and the extent of the harvest varied. Because of run to run
variation, each simulation was repeated ten times. Averages of the ten runs for
each harvest method are presented in tables 3~6. The average numbers of animals
harvested in each of these plans are based only on the last forty-five of the
fifty years represented in each simulation. The conditions under which these
results were obtained include: (1) genetic control assuming a lack of dominance,
(2) no environmental influence, (3) no harvest of cows or calves, and (4)
carrying capacity set at 1000 animals.
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Table 3 shows the effects of running the program for each of the harvest plans
while assuming each legal bull has a 502 chance of being selectively harvested
each year. The results show that the non-branched only plan and the 3, 4, and 6
year cycle plans result in the greatest genetic improvement, increasing antler
potentiality scores by 30 or more points (approximately three-fourth of a
standard deviation). Within this group, the 3 year cycle plan is particularly
impressive as it provides a high total harvest (averaging 56.3 animals per year)
and a high trophy bull yield (averaging 7.7 animals, for each year including
those years when only non-branched bulls are taken). The 2 year cycle plan is

also very good in terms of harvest, though it is less favorable genetically than
the other cycle plans.

Table 3. Average change over fifty years in potentiality scores and in
frequencies of favorable genes, along with the numbers of animals harvested each
year for eight harvest plans run under the condition that each legal bull had a
50Z chance of being harvested each year.

Change in

Change  Frequency of 5 6-8
Harvest Plan in Favorable Total Point Point
Score Genes Harvest Harvest Harvest
Any Antlered Bull +15 +0.035 79.7 7.4 4.1
3 Point or Better ~-25 -0.061 52.7 7.6 3.7
5 Point or Better -26 -0.065 30.6 . 21.3 9.3
Non-Branched Only +32 +0.074 27.4 0.0 0.0
2 Year Cycle Plan +25 +0.061 66.5 7.1 7.4
3 Year Cycle Plan +31 +0.073 56.3 6.1 7.7
4 year Cycle Plan +33 +0.079 50.3 4.8 7.2
6 year Cycle Plan +30 +0.074 45.6 3.4 6.3

The 3 point or better and the 5 point or better plans both result in substantial
genetic deterioration. In addition, neither the total harvest nor the trophy
harvest is very good with the 3 point or better plan. The total harvest is even
worse with the 5 point or better plan, but this plan does yield impressive
numbers of 5 point and trophy (6-8 point) bulls.

Although not shown in the table, the plan of not harvesting any bulls results in
essentially no change in antler potentiality scores. This is a result of the
program design. Antler size under natural non-hunting conditions is quite
stable, as it is most likely operating under conditions of stabilizing
selection. Bulls with the greatest fitness have neither the largest nor smallest
antlers. Bulls with extremely large antlers must spend more energy carrying
their rack than those with smaller antlers. Hence they are more likely to enter
the winter range in a weakened condition and therefore to die. Bulls with small
antlers are less likely to build and maintain a harem, and therefore are less
likely to be as prolific as those with larger antlers.
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It is interesting to note that utilization of the most commonly used plan, that
allowing the harvest of any antlered bull, increases the percentage of favorable
genes in the population. While this may at first seem unexpected, it is because
more of the mating in a non- hunted population is done by old bulls. As bulls
age, those with largest antlers have the highest yearly mortality. Because of
this, potentiality scores of older bulls are on the average lower than younger
bulls. The effect of hunting is to reduce the relative numbers of older bulls,
and therefore to increase the percentage of calves that are produced by matings
involving young bulls. Calves with higher average scores therefore occur when
more are produced by these higher averaging young bulls.

Table 4 shows the effects of running the program for each of the harvest plans
while assuming each legal bull has a 80% chance of being selectively harvested
each year (a 60% increase over that used to produce the results in table 3). By
comparing the results in this table with those in table 3, it becomes evident
that increasing the harvest greatly accelerates the rate of genetic change
regardless of which harvest plan is implemented.

Table 4. Average change over fifty years in potentiality scores and in
frequencies of favorable genes, along with the numbers of animals harvested each
year for eight harvest plans run under the condition that each legal bull had a
807 chance of being harvested each year.

Change in

Change  Frequency of 5 6-8
Harvest Plan in Favorable Total Point Point
Score Genes Harvest Harvest Harvest
Any Antlered Bull +20 +0.051 96.0 5.1 1.3
3 Point or Better -38 -0.098 59.8 2.8 0.5
5 Point or Better -33 -0.084 35.3 31.1 4.2
Non-Branched Only +59 +0.142 33.2 0.0 0.0
2 Year Cycle Plan +40 +0.097 88.1 9.8 5.3
3 Year Cycle Plan 452 40.126 74.3 10.0 9.2
4 year Cycle Plan +51 +0.125 68.3 7.3 10.4
6 year Cycle Plan +55 +0.137 61.7 5.2 11.2

Table 4 shows that the 3, 4 and 6 year cycle plans are again impressive both in
terms of genetic improvement (though less favorable than the non- branched only
plan), and in terms of the quality of harvest. The 3 point or better and 5 point
or better plans are again the only plans causing genetic deterioration. Notice
that the trophy bull harvest with the 5 point or better plan is not nearly what
it was when harvest rates were lower. Notice how poorly the 3 point or better
plan does. Compare the genetic effects and the harvest in all categories in
this plan, for example, with the plan allowing harvest of any antlered bull.
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Table 5 shows the results obtained when the probability of harvest is influenced
by the age of the bull and when the maximal probability of harvest is 50%. The
conditions in which the data were obtained assume that for each year of age, a
bull's chance of being harvested decreases by 25%, and that the minimum
probability of harvest is 12.5%Z. Thus legal yearling bulls have a 50% chance of
being harvested, 2 year bulls a 37.5% chance, 3 year bulls a 28.2% chance, &4
year bulls a 21.2% chance, 5 year bulls a 15.9% chance, and 6 year and older
bulls a 12.5% chance of being harvested in any year.

Table 5. Average change over fifty years in potentiality scores and in
frequencies of favorable genes, along with the numbers of animals harvested each
year for eight harvest plans run under conditions in which experience reduces
probability of harvest by 25X per year. Depending on the age of the bull,
probabilities of harvest each year range from 50% for yearling bulls to 12.5%
for six year and older bulls.

Change in

Change Frequency of 5 6-8
Harvest Plan in Favorable Total Point Point
Score Genes Harvest Harvest Harvest
Any Antlered Bull + 5 +0.014 63.3 3.9 3.6
3 foint or Better -15 -0.038 27.3 5.1 4.9
5 Point or Better -10 -0.025 14.0 7.0 7.0
Non-Branched Only +31 +0.074 27.6 0.0 0.0
2 Year Cycle Plan +17 +0.037 49.2 2.8 3.0
3 Year Cycle Plan +25 +0.057 42.1 2.4 2.6
4 year Cycle Plan _ +25 +0.064 37.9 1.9 2.0
6 year Cycle Plan +26 +0.063 35.1 1.3 1.6

Incorporating the effects of bull experience into the simulations results in
reducing overall yield and particularly trophy bull yield. Comparing table 5
with table 3 shows that it also has the effect of reducing genetic change.
Table 5 also shows that incorporating the effects of experience into the model
causes the cyclic plans to compare genetically somewhat less favorably than the
non-branched only plan.

Table 6 shows the results obtained when the probability of harvest is again
influenced by age (as in table 5), but under conditions in which the probability
of harvest increases by an additional 60%, so that harvest probabilities range
from 80% to 20%. The results in table 6 show that under these higher rates of
harvest, marked increases in the frequency of favorable genes occur. The
improvement is similar to that found when high rates of harvest were uniformly
applied to bulls of all ages (see table 4).
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Table 6. Average change over fifty years in potentiality scores and in
frequencies of favorable genes, along with the numbers of animals harvested each
year for eight harvest plans run under conditions in which experience reduces
probability of harvest by 25X per year. Depending on the age of the bull,
probabilities of harvest each year range from 801 to 20Z.

Change in

Change  Frequency of 5 6-8
Harvest Plan in Favorable Total Point Point
Score Genes Harvest Harvest Harvest
Any Antlered Bull +14 +0.032 92.2 3.4 1.5
3 Point or Better -33 ~0.083 41.0 5.8 3.3
5 Point or Better -18 -0.043 20.7 12.2 8.5
Non-Branched Only +59 +0.144 33.5 0.0 0.0
2 Year Cycle Plan +40 +0.096 77.3 6.6 3.9
3 Year Cycle Plan +50 +0.119 63.3 5.6 4.3
4 year Cycle Plan +50 +0.124 56.0 4.3 4.1
6 year Cycle Plan +54 +0.134 49.4 3.2 3.5

Table 6 again shows that the 3 point or better plan produced poorer genetic
results than the 5 point or better plan and very much poorer results in terms of
trophy bull harvest. Notice also that the overall yield from the cycle plans
are much better than the 3 point or S point or better plans, and that they yield
much greater numbers of trophy bulls than the any antlered bull plan.

Summarz

The results of these simulations indicate that the 3 point and 5 point or better
plans are the only plans resulting in genetic deterioration. The difference
between these two plans and the plan in most common usage, that allowing the
harvest of any antlered bull, is substantial, as differences in potentiality
scores range from 15 to 58 points (or from 3.9% to 19.3%Z in the amount of change
in the frequency of favorable genes). Since many states are using these plans
in more and more areas, it will be worthwhile to closely monitor the results.

It is especially critical to do this for an extended period of time, since these
plans may initially produce good yields, but taper off quickly.

While the plan allowing harvest of only non- branch antler bulls is consistently
the best or among the best in terms of genetic improvement, it is worthless for
trophy harvest and would be hard to enforce. This plan might be considered on a
restricted basis, however, to develop a genetically superior population for use
in stocking virgin areas or replenishing the gene pool of genetically inferior
populations.
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The cyclic plans might also be hard to enforce. However, hunters might be more
likely to accept a plan which allows them access to only non-branch antlered
bulls, when they realize that one or several years later they will have a chance
for those trophy bulls they might encounter. For example, the three year plan
might be used in a region with three separate sections. While one of the
sections is open for all bulls, the other two would allow the harvest of only
non-branch antlered bulls. By rotating each year which of the sections is open
for harvesting any type of bull, managers might be able to get compliance and
also high levels of hunter satisfaction. In addition, they would be increasing
the frequency of favorable genes within the populations, which would mean even
larger bulls in the years to come.

While the simulations presented here indicate that some plans are preferable to
others, it is important to consider the results as preliminary. Simulations
which vary other options, particularly those involving genetic control and the
amount of environmental influence need to be assessed. These simulations are
being done and the results will be reported as they become available.
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ELK WINTER FEEDING DAMPENS POPULATION FLUCTUATIONS AT THE NATIONAL ELK REFUGE

MARK S. BOYCE
Department of Zoology and Physiology
University of Wyoming
Laramie, WY 82071-3166

Abstract

Numbers of elk at the National Elk Refuge have increased slightly over the last
75 years, while the amplitude of fluctuations has dampened substantially.
Likewise, feeding rations on the Refuge have increased significantly through
time, and the variance in hay fed has decreased. A 20-year moving standard
deviation of hay fed is corrrelated with the 20-year moving standard deviation
in the number of elk using the Refuge during winter. Although constant elk
populations may be easier to manage, elk population fluctuations may
occasionally release aspen from browsing allowing some stands to regenerate.

Introduction

Winter feeding at the National Elk Refuge is necessary to sustain the Jackson
elk (Cervus elaphus) herd because cattle ranching and residential development
have usurped critical elk winter range (Robbins et al. 1982). Several
management dilemmas emerge with the winter feeding program including (1) risk of
brucellosis transmission to livestock (Thorne et al. 1979), (2) necessity of
culling to control elk numbers in Grand Teton National Park, and (3)
extraordinary expense to feed the animals. Public benevolence towards elk has
encouraged higher rations than are necessary to sustain the elk (see Boyce
1989). Despite these problems, the Refuge feeding program is successful at
reducing winter mortality to an average of only 1.2% annually.

Another postulated consequence of winter feeding is reduced population
fluctuations because of reduced winter mortality (DeByle 1979), and enhanced
survival of calves (Thorne et al. 1976). Such an effect may have significant
ramifications to aspen (Populus tremuloides) management (Boyce and Hayden-Wing
1979). In this paper, I present evidence which suggests that feeding on the
National Elk Refuge reduces population fluctuations in the Jackson elk herd.

Discussion with John Hart stimulated this analysis. I thank the National Elk
Refuge, Bridger-Teton National Forest, Grand Teton National Park, and the
Wyoming Game and Fish Department for funding. Evie Merrill, Bill Barmore, and
Bruce Smith provided valuable comments.

Methods

Elk on the National Elk Refuge are censused and classified as mature bulls,
spikes (yearlings), cows and calves by observers on hay sleds, usually in
February each year. Since 1975 elk have been fed alfalfa pellets during winter
but were fed baled hay in earlier years. Feeding and census records were
obtained from files of the National Elk Refuge and the Wyoming Game and Fish
Department. Data up to 1986 are reported by Boyce (1989).
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Weather data from Moose, Wyoming was used for years 1936-88 because winter
precipitation at this weather station was most highly correlated with elk
attendance on the Refuge (Sauer and Boyce 1979; 1983); weather data from Moran,

Wyoming was used for 1914-1935 because the Moose weather station was not
established until 1935.

Statistical analyses were performed using SYSTAT. Time series trends were
evaluated using Spearman rank correlations.

Results

Population size on the National Elk Refuge has increased slightly during the
past 75 years, and the trend is statistically significant (ts= 0.233, n = 73, P

= 0.05). Inspection of Figure 1 suggests that variance in the elk cemsus in
early years was higher than in more recent years.

Figure 1. Maximum winter counts of elk on the National Elk Refuge, 1912-1988.
A slight but statistically significant increasing trend exists in this time
series (rs = 0.277, n = 73, P = 0.05).
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I evaluated this using a 20-year moving standard deviation of the previous 20
years of censuses over the entire period 1912-88. There has been a highly
significant decrease in standard deviation through time (rs= -0.865, n = 58, P <

0.001; Figure 2).

Figure 2. Standard deviation in maximum census of elk for the previous 20-years
moving over the period from 1931 to 1988, i.e., data begin 1912 as in Figure 1.
This trend is highly significant (rs = ~-0.865, n = 58, P < 0.001).
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Winter counts on the National Elk Refuge are correlated with January
precipitation (Sauer and Boyce 1979; Boyce 1989) because in tougher winters a
higher proportion of the elk population is driven onto the feed ground. However,
there is no tendency for a declining trend in a 20-year moving standard
deviation of January precipitation (rs- 0.049, n = 58, P >0.5). Furthermore, I

found no correlation between the 20-year standard deviation in January

precipitation and the same measure for variation in total population size (r =
0.174, n = 58, P > 0.1).

Feeding on the National Elk Refuge has a pattern similar to that for elk
numbers; i.e., there has been a significant increase in tonnage of hay fed
during the past 75 years (rs= 0.293, n = 52, P < 0.05), but the amplitude of

fluctuations in winter feeding has dampened (Figure 3).

-
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Figure 3. Total metric tons of hay fed to elk on the National Elk Refuge.
Because alfalfa pellets fed in recent years are more nutiritios than baled hay,
pellets were converted by assuming that 800 tons of pellets were equivalent to
1,000 tons of baled hay (Thorne and Butler 1976).
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As was true for the total number of elk counted on the Refuge, a 20-year moving
standard deviation of feeding rations exhibits an declining trend (rs== -0.322, n

= 56, P < 0.02), but the pattern is weak (Figure 4).
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Figure 4. Moving standard deviation of the hay fed to elk for the previous 20
years over the period 1931 to 1988, i.e., data begin in 1912 as in Figure 3.
There exists a weak, but statistically significant, declining trend (rs = -

0.322, n = 56, P < 0.02).
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The 20 year-moving standard deviation of the number of elk on the Refuge (STD)
is correlated with the 20 year moving standard deviation in feeding rations (STD
= 2.14 [SD feed] 264; r = 0.39, n = 66, P = 0.003). Despite the lack of
correlation between the standard deviation in elk census and the standard
deviation in January precipitation, there was a weak correlation (r = 0.278, n =
56, P < 0.05) between the standard deviation of January precipitation and the
standard deviation of hay fed, revealing only that if precipitation varied
substantially, the feeding program was also likely to vary.

Some of the effect of variation in feeding levels on population fluctuations may
occur through recruitment (Thorne et al. 1976), particularly in early years when
feeding was more variable. For the 7 years prior to 1960 for which complete
data exist, there is a significant positive correlation between tonnage of hay
fed during a winter and the proportion of cow elk with calves at heel the



following year (rs= 0.893, n =7, P < 0.01). Since 1960, hay rations have been

kept at higher levels, except during mild winters, such that no correlation
exists between feeding and calf recruitment (P > 0.1; Boyce 1989).

After removing effects attributable to variations in winter feeding, there
remains a strong temporal pattern among the residuals of elk population
fluctuations (rs= -0.793, n = 56, P < 0.001).

Discussion

Despite a general sentiment among wildlife biologist that supplemental feeding
is bad, winter feeding of elk at the National Elk Refuge is well justified and
highly successful. Even though approximately 20-30% of the cow elk have
brucellosis, the Jackson herd is productive and viable (Boyce 1989). The
animals are generally in excellent condition as evidenced by the fact that more
Boone and Crocket trophy bull elk have come from the Jackson herd over the years
than from any other population. Without winter feeding, the Jackson elk herd
would be much smaller than it is now, simply because much of the winter range is
now inaccessible to elk.

Results presented here suggest that elk population fluctuations on the National
Elk Refuge may be partly due to variation in the winter feeding program. We
know that feeding rations can influence calf weights and subsequent survival of
calves (Thorne et al. 1976). Even though winter mortality is virtually
eliminated on the National Elk Refuge, there is still significant density
dependence in recruitment and calf survival (Sauer and Boyce 1983). Winter
feeding would appear to contribute to this density dependence because per capita
hay rations provided are never as large when numbers of elk are high (Boyce
1989). However, I have shown elsewhere (Boyce 1989) that multiple regression of
male calf survival as a function of both the number of elk on feed and total per
capita hay rations reveals that rations do not contribute significantly to the
model (t = 1.64, P = 0.12). Yet, the number of elk on feed maintains a stong
influence on calf survival, even when hay ration is included in the model

(t = 3.23, P = 0.005).

Even though feeding has a significant influence on the magnitude of population
fluctuations, there still remains substantial residual variation. Some of this
may be due to hunter harvests, but reliable information on hunter kill for the
Jackson elk herd is only available since 1950. For recent years, at least,
hunter kill is a major variable driving population size (Boyce 1989).

For the manager, large population fluctuations in elk herds are a nuisance.
Hunters object to wide fluctuations in populations of elk, accusing management
agencies of incompetence if numbers and quotas change markedly through time.
Also, when populations are greater than the winter range will support, elk are
more likely to come into conflict with ranchers and residential landowners.
From this perspective, constant population size enhanced by winter feeding may
be desirable. However, elk population fluctuations that occur due to annual
variation in winter range conditions may be important in sustaining some
components of winter range, particularly aspen.
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When elk are concentrated on feed grounds, they can have substantial effects on
habitats. Most serious appear to be effects on aspen less than 4 m tall (DeByle
and Winokur 1985). Heavy browse lines develop with concomitant effects on avian
faunas (Flack 1976) and hiding cover for elk. Areas immediately surrounding elk
feed grounds must be considered sacrifice areas because it is unlikely that
aspen stands will have a chance to recover. However, for aspen stands further
from feed grounds, elk population fluctuations may offer occasional
opportunities for aspen regeneration when elk numbers are low and some stands
are relieved from browsing (DeByle 1979). Fire also plays an important role in
aspen regeneration, and it will be interesting to see if the extensive fires of
1988 are adequate to allow aspen shoots to escape ungulate browsing in the
greater Yellowstone area.

There is no easy resolution to conflicts created by winter feeding. Feeding to
replace lost winter range would be more "natural" if a constant amount of feed
was provided each winter rather than adjusting rations to number of elk and
weather conditions. However, this would result in heavy mortality during tough
winters, which would be unacceptable to the public.
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Status of Elk Winter Feeding
In
Yakima and Kittitas Counties
Washington

Roger McKeel
Washington Department of Wildlife
Yakima, Washington

ABSTRACT

Introduction of 92 elk from Yellowstone Park between 1913 and 1916 formed
the present Yakima and Colockum elk herds. Population expansion increased
damage problems to agriculture and range land. Purchase of winter range
provided a home and temporary control. Extensive fencing programs
eventually provided permanent control. Expansion of the Yakima herd
required feeding to maintain animals behind fencing. Feeding starts in mid
December and extends through mid March. Amounts fed have varied between 15
and 1,900 tons per year. Over 5,000 animals have been fed during recent
years.

INTRODUCTION

Should we feed big game animals? What is the ecological significance? Are
we affecting the biological outcome? Could we have more? Should we have
less? Are we changing habits? All these questions are legitimate ones
surrounding artificial feeding. I doubt we will answer all these questions
during the short time we have to discuss this subject. We will probably
end up generating more questions; However, we can look at the elements
leading up to our present elk feeding program here in Central Washington
and consider some of these concerns.

HISTORY

Native Elk: Controversy still exists on whether elk were native to the
east slopes of the Cascades. More recent publications recognize the
controversy and believe some elk were probably resident to the area, but
were eliminated prior to the 1900's on the east slope of the Cascades.
Recent archeological evidence does support this claim. Whether or not elk
were resident, what species and how many are purely academic and I will
leave that subject to those with more expertise.

Introductions: Elk were introduced to Yakima County or re-introduced as
the case may be during early winter in 1913. Local sportsmen and county
game officials purchased 50 elk from Yellowstone Park. These animals were
released on the Stevens Ranch along the Naches River and an additional
seven elk from a Spokane Park were liberated in the same area in 1916.

The present day Colockum herd originated from a release of 42 animals near
Boylston south of the town of Kittitas and driven north into the Wenatchee
Mountains around 1916. From these original Kittitas and Yakima County
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introductions we presently estimate some 12,000 and 5,500 animals inhabit
the Yakima and Colockum elk herds respectively.

The elk herd in the Wenatchee Mountains and the Colockum Wildlife Area has
adequate winter range and has never required supplementary feeding.
Although we do have minor damage problems at times, the extensive fencing
and feeding program present in the Yakima area has not been needed in the
Colockum. At this point I will direct most of my comments toward the
Yakima herd where most of our elk feeding occurs.

YAKIMA ELK HERD

Damage Problems: Several years elapsed between the introduction of elk
into Yakima County and any recollection of damage problems. As these
populations began expanding into available ranges the incidence of
encounters with haystacks, fences, and orchards increased. By 1927, damage
reports were common and the game commission was encouraged to open a
season. Continuing on through the 1930's and 40's, damage problems,
antagonism and frustrations became intensive. Game reserves originally
established to protect these animals were abandoned, hunting seasons became
more liberal and public criticism increased.

Elk competition with domestic cattle on and off of private lands increased
during winter periods, which further increased the need to find a means of
controlling these animals.

Solutions: The introduction of elk and the subsequent building of this
population occurred after most of the region was inhabited. Attitudes
toward elk, management and the department may have taken a different course
here than areas where ranching, farming, and development evolved with elk
present. Even though attitudes may be different, I believe all elk
managers have a common need to control animals on private lands. Within
the Yakima area landowner conflicts became acute and resulted in heated
meetings between sportsmen, landowners, department officials, and state
legislators. Legislation was eventually passed which limited the number of
elk the department could manage in specific geographical areas. 1In an
attempt to meet these laws and satisfy landowner requests most managers of
the time realized the need for permanent solutions. Liberalized seasons,
herding of animals back into the foothills and establishing temporary
feeding stations generated varying results, but not the permanent solution
needed.

Early Findings: Early investigation that started the process of land
purchase indicated severely depleted winter range was occurring and
estimates of various winter populations were made. Conclusions drawn were:

1. The elk herd should be held approximately at the present number.

2. The Oak Creek-lower Bethel Ridge area should be purchased for winter
elk use, eliminating domestic cattle from the range.

3. Elk-proof fences should be constructed if elk continued to move down
into the orchards after the purchase of the Oak Creek Game Range.
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Implementation: Most managers of the time realized department land
purchase was needed. The first segment of the Oak Creek Game Range was
purchased in 1939, Additional land was added to this inventory along with
the need to erect eight foot high elk fences to prevent encroachment on the
private lands. Present land holding amount to some 309,000 acres
"enhanced" by 70 miles of fence in Yakima and Kittitas Counties.

Even with extensive land purchases, managers found the need to erect fences
to control wandering elk. With fencing came the need to use artificial
feed, if animal numbers were going to be maintained or increased.

The grim winters of the late 1940's and early 1950's removed all doubt

that range capacity, specifically winter range capacity, was being
exceeded. Extensive emergency feeding, herding, and fencing was employed
to save these elk. They were subsequently harvested by hunters during some
of the most liberal seasons ever established in Washington. These were
successful in reducing herds to fit the capacity of their winter range -
temporarily. Artificial feeding was once considered a temporary means to
save elk from starving, marauding, or being shot by irate farmers. This
program, however evolved quickly into a long term management program.

Purpose: Originally, feeding programs were initiated to hold animals off
of private land, and later managers recognized a need to provide forage
lost on range land outside of the fenced areas.

Location: We presently maintain 11 permanent feeding stations located on
two major state managed wildlife areas, Oak Creek and L.T. Murray. The
area served by these sites lies south of Interstate 90, north of the Yakima
Indian Reservation and west of the Yakima River to the Cascade Crest.

Dates of Feeding: We find the critical period of activity usually amounts
to about 2.5 months. The start of feeding is quite variable with most of
the year's activity starting during the latter half of December and
extending into late February. We have started feeding as early as November
21 and finished as late as April lst. The only pattern we see with
starting dates for feeding is that of weather. Early and lingering
snowfall initiates interest, while snow melt and green up ends the interest
in alfalfa. The winter of 1974 feeding activities did not start until the
first week of January.

Amount of Feed: Over the last 23 years the amount of alfalfa fed has
ranged from 15 tons to 1,900 tons for the winters of 1976-77 and 1985-86
respectively. While there doesn't seem to be any distinct trends, I can
give you some perspective. Between 1964 and 1973 we fed an average of 832
tons. Between 1974 and 1983, 690 tons and the last four years from 1984-87
that average increased to 1,256 tons.

Numbers of Elk Fed: Many of the individual years feeding records were
missing information on estimated numbers of animals fed, however some
information was reported for hard winters. Reports indicated some 1,200
tons of hay were fed to 3,711 elk during the winter of 1955-56. Estimated
cost of this operation was $150,000. A severe winter hit in 1968-69
causing an extensive effort toward emergency feeding, over 1,455 tons of
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hay were fed along with grain and 12.5 tons of enriched alfalfa cubes.
Estimates of the number of elk fed was near 5,000 animals and expenditures
reported on a statewide effort amounted to some $§160,000. A more recent
winter, 1985-86, taxed our on hand resources and we spent some $200,000
above normal levels on emergency winter feeding.

Numbers of elk fed has ranged from 545 to over 5,100 during the last eight
years. While animal numbers are increasing at our feed station this
increase can not be attributed to greater dependency or a change of habits.
Weather condition during hunting seasons and resultant low harvest has
contributed considerably to the increasing elk herd in the Yakima area.

CONCLUSIONS

Department acquisition, fence building and feeding programs have met the
initial objectives identified. Creating a home and providing control of
animals on private land has lessened the problems, but still have not
eliminated them entirely in all areas. In the case of elk it appears we
have a successful program and some of the positive aspects are:

(1) Herd size can be maintained 