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Abstract: A Computer Analysis of the Yellowstone Grizzly Bear Population 

From a thirteen year study, the authors have accumulated 

demo graphic information to describe the behavior of th~ rizzly 

bear population in Yellowstone, and to relate this to the mana ge-

1 ment of the species in the Yellowstone ecosystem. Ob j ectives of 

, this paper are; to summarize population statistics, describe 

'-, 

computer simulation models, and to compare the growth characteristics 

of the population between 1959 an d 1967 with growth characteristics 

for the period 1968 through 1972. Predictions are made of future 

population levels and trends, and these related to mana gement 

practices. 

Population statistics that could be developed into a model 

were acquired by recordin g age and sex specific mortalities from 

year to year and acquirin g lon g term avera ges on such population 

p~ rarneters as p opulation size and structure, sex ratios, repro­

ductive rate and lon gevity . Durin g a t welve year period, 256 

grizzly bears were captured and i ndividually color marked. Pou­

latio~ size ran ged from 154 ani mals in 1959 to 179 in 1970 with 

a peak of 202 in 1966. The 1970 population level of 179 grizzlies 

was used as a starting point f rom which to analyze chan es that 

occured after that date. Our data indicated that the p opulation 

of grizzlies we censu! sed represented a lar e proportion of the 

entire population of rizzly bears inhabitin g the approximately 

five million acre Yellowstone ecosystem. 

Age Structure 

Age structure data were ob taine d by recordin g the age of 

individual animals on each of 367 censusses made from 1959 through 

1967. A stable age structure p revailed f rom 1959 to 1967. The 



- 2 -

Age Structure (continued) 

average a e co position was: 18.6 ercent cubs, 13 percent year­

lings, 10.2 percent t 1 0 year-olds , 14.7 percent three and four 

year-olds , and 43.7 percent adults . 

Sex atios 

.fales predominated over females in all sub-adult a e classes. 

1\mong adults the sex ratio was 53. 7 percent fe ales and 46. 3 ercent 

males . Among 78 cubs captured and sexed durin a 12 year eriod, 

59 ercent we re males and 41 percent females . cuh sex ratio of 

.5 9 males to .41 females was used n akin g po ulation rejections. 

Reproductive ates 

Two di fferen t methods were used to calculate reproduct·ve rates. 

The first consisted o. makin g annual counts of cu sand adult females. 

(Those wi t h cubs and those wi t hou t) The second involved ca turin 

and arking fe ales and recordin their reproductive histories o eT 

a period of ears. Reproductive rate is the avera e number of cubs 

per female per year. Annual rep oductive rate were ohtained by 

dividin g t he nu her of cubs counted each year b the number of adult 

females recorded. From 1959 to 1967 an annual avera e of 33.2 

adult fema les and 33 cubs wee counted. Thi yielded a re reduction 

rate for the opulation of . 99 . From 1968 to 1970 , 81 individual 

cubs and 122 adult females ~ere counted, yie l din a reproductive 

rate for t he popul ation of .66. Only 44.7 percent of the adult 

fe ales produced cuhs each year . This results in a relatively lo~ 

reproductive rate for the spec·es. Reproductive histories were 

compiled for 19 arked , fe ale grizzlies. The avera e number of 

cubs per fema le per year or each of the 19 ftnimals was obta:ned 

by dividin g the number of cubs p r oduced b 1 each female by the 
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Reproductive ates (continued) 

observed reproductive period in rears for each female. n avera e 

reproductive rate for t he 19 markerl females was then calculated by 

dividin g the sum of the individual reproductive rates by the total 

number of females . This yielded a reproductive rate of 1.02 for 

t he females durin g the 1959- 67 eriod. The reproductive rate for 

1967-70 period was .70. Si ilar reproductive rates were obtained 

by the two methodc: . 99 and 1.02 for the 1959-67 eriod, and .66 

and .70 for the 1968-70 eriod . This in icates that a reproductive 

rate of one cub per one adult fe male er year is an accur ate bio­

lo gical pi;J\rameter for the grizzly bear p o ulation durin g the 1959-

67 period. To present a best case situation, we used the i gher 

reproductive rates of 1.02 for the 1959-67 period and .70 or the 

1968-70 period. T. e average interval between litters for 22 arked 

fema les, each of ihich roducecl at least two litters, avera ed 2.5. 

eproductive rate is also dependent on litter size . Tis varied 

from one to four cubs, with an average of 2 . 22 for 22 arked females • 

. 1ortali ty and Survivorship at es 

From 195 9 to 1967 a total of 163 kno\n deaths avera ~ed 18.1 

bears per year , or a ten percent known mort al "t• jn a opu l a t ion 

of 180 animals. The minimum age for producin g a first l"tter of 

cubs was 5-1/2 years . From 1968 through 197e, a total o 160 

known deaths avera ged 32.0 bears per year. There were 46 and 45 

rizzly deaths in 1970 and 1971 res ectively. 

Lon gevity 

The oldest live bear recorded as 25 . 5 years. This a ge 

represents Ion evi t y f or the opulation. The aximum re reductive 

age established for a fe ale was 23.5 years. t t his a ge she 

3 
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Longevity (continued) 

produced two cubs. 

Population Estimates with Census Population 

The projection from 1959 to 1970 agrees with the census data 

for 1970 within one bear (the census= 179; prediction= 178.3). 

The estimate for the most probable population at present, 1973, 

results in an estimated populat· on in June, 1973, of 102 animals, 

a 42.7 percent reduction in opulation size in three years. 0ur 

data indicate that the census fi gures used in our computations 

represent at least 80 percent of the total ecosystem po ulation. 

If we assume that only a 70 ercent count was obtained durin the 

1959-1972 period, then the avera e population level 1ould be 40 per­

cent hi gher, or 250 rather than 178 animals. Assumin that the 

most recent census (179 animals in June of 1970) re resents 70 

percent of the total ecosystem po ulation, results in an estimate 

for that year of 250 animals. Usin g this value results in an 

expected 1973 population of 177, a 29 percent reduction versus a 

43 percent reduction. This fi ure of 177 is the most opto . istic 

interpretation. In this analysis we have utilized only those 

grizzly bear mortalities that could be conclus·vely confirmed. 

The magnitude of suspected, but unrecorded and unconfirmed grizzly 

hear deaths could have been in excess of 30 percent of the known 

recorded deaths for each year. 

If we assume that the known mortality re ains at the 1972 

level and the reproductive rate of 0.7 continues over a ten year 

period, the population declines sharply, reachin g 23 plus or minus 

5 animals in 1983. The population could be exter inated as early 

as 1990. If the known mortalities for 1973 dro ed to 20 (they 

were 27 in 1972) then the population could not grow, even i it 
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Population Es timates with Census Population (continued) 

could exhibit a reprodu ctive rate as hi has 2.0. Should the 

re p roductive rate remain depressed at .70 , t he population would 

decline at a rate of 10 percen t pe r ear. hould kno n mortalities 

drop to ten rizzlies er year, t he popu lation would re ain essentially 

static if the reproductive rate is .78. It would row at about 2.5 

ercent pe r year wi t h a reproductive rate of 1. 0 . For t he grizzly 

popu lation to grow at t he same rate as 1959-67, it can sustain only 

ten known deat hs durin1 1973 and must exh "bi t a reproductive rate of ) 

1.0. The known permissable ortaiities for 19 73 if t he p opulation / 

is to remain stabilized at 100 animals is only 13, 5 o. 1hich occur 

in t he cate ory of " Other Causes ", in other ·ords , ortal ·.ty could 

be five control, t hree by hun t e rs, or t hree control and five by 

hun ters. The results of t he st1dy jndicate that t here ust be co -

p lete coope ration a on g t he a gencies resp onsible for t1e ana ement 

and reservati on of grizzly bears in t he Yellowstone ecosyste , and 

there ust be a un·fied ana ement program. The mos t res onsible 

ap roach to take in fu ture p l annin g and mana e en t is for a ll 

a encies responsible for th we l fa re and preservation of Yellowstone 

grizzlies, to use our wors t c ase opulation estimate ford e r minin g 

a llowab l e annua l mortality in order to leave some mar in for error. 

The results of the analysis ind· cate that popu lat ion levels in th e 

Yellowstone ecosystem declined rapidly durin th e last t hree vears 

and that t he p robab le popu lation in June, 1973 is 102 animals. Con­

tinue d mortality a t the l eve l occurin g durin g 1972 wi ll result in 

fu rthe r de cline in popu lation. 
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UNITED STATES GOVERNMENT 

Memorandum 
BUREAU OF SPORT FISHERIES AND WILDLIF E 

TO · Charles Love less , Ass 1t Director of Research D,\H· October 15, 1973 

FROM · John J. Craighead, Leader, Mont. Coop. Wildl. Res. Unit 

SUBJECT: Permission to publish the report, ''A Computer Analysis of the 
Yellowstone Grizzly Bear Population11 

I would like to receive permission to proceed with publishing our 
report, 11A Computer Analysis of the Yellowstone Grizzly Bear Popula­
tion11. There has been ample time for the report to be reviewed; and 
all of the reviews I have received, I have judged to be favorable. 

In view of the controversy that exists with regard to the Yellowstone 
grizzly population and in view of the fact that M"r. Cole appears to 
be able to publish his data with little or no restrictions, I 
sincerely hope that our report can be quickly published and available 
to the scientific convnunity. Only in this way can the situation be 
impartially judged and action taken to alter the management program, 
if it is judged that this is necessary in order to protect the 
gr i zz 1 y. 

JJC:gs 
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MONTANA COOPERATIVE WILDLIFE RESEARCH UNIT 

U NIVERS IT Y OF MONTA NA 
MONTANA FISH AND G AME COMMISSION 

WILDLIFE M A NAGEMENT INSTITUT E 
FISH AND WILDLIFE SERVICE, UN IT ED STATES DEPARTMENT OF T HE· I N T ERIOR 

UNIVERSITY O F MONTANA 

MISSOU L A , MONTANA 59801 

Dr. Fra nk Cra ighead Jr. 
Box 156 
Moose , \vyom i ng 

Dear Frank : 

Enclosed is a report, 11A Computer Analysis of t he Yellowstone Grizz l y 
Bear Population". This report is currently being reviewed by members 
of the Research Di vision of the Bureau of Spo r t Fi she ries a nd Wild] ife. 
Un t il this report has been off i cially cl eared through prope r channels 
for pub] icat ion, the contents should be considered pr ivi l eged infor­
mation. The authors will appreciate comments and sug gestions. Al­
though this is basically a research report, management s uggestions 
ha ve been offered. Our data and our conc l us ions ind icate that the 
Yellowstone grizzly bear population f aces a critical situation and 
that immediate remedial acti on i s i n order . We especially sol icit 
comments on our conclusions and request sugges t ions as to how our rec­
ommendations can be implemented into a harmonious, coordina ted manage­
ment program. Because of the sensitive nature of the subject and 
in t er-agency ramifications, we will need your support . We are making 
t his report ava i lable to a few selected i ndividuals prior to publ ica­
tion because we believe the situation is cr i tical, and we firmly 
believe that sc ientists have a respon s ibility to help translate basic 
research into responsible applied programs. 

r. John J. Craighead, Leader 
Mont. Coop . Wildl. Res, Un i t 

JJC:gs tt~~4~~~ 
Encl: _ _ 
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UNITED STATES GOVERN M ENT 

Me 
TO 

FROM 

SUBJECT: 

BUREAU OF SPORT FISHERIES AND WILDLIFE 

DATE: 
Charles M. Loveless, September 19, 1973 
Assistant Director of Research 

Leader, Montana Cooperative Wildlife Research Unit 

Review of Cole's paper, "Management Involving Grizzly Bears in 
Yellowstone National Park 1970-72" 

In the interest of the wildlife profession and a proper and rapid 
solution of the Yellowstone grizzly bear management problem, I am 
taking the liberty of suggesting that you request Gross and Peter­
son to review Cole's paper. This paper has been published and 
therefore, presumably, cleared by the National Park Service and 
other Interior Department personnel. Cole has taken unsupportable 
liberties with our data, Hornocker's data and his own. I make 
this suggestion not to discredit Cole; I intend to severely 
criticize his paper when I catch up with current work. I make the 
suggestion because if it cannot pass Bureau critics then Mr. Reed 
should be so informed. 

nh 

., 



UNITED STATES GOVERNMENT 

Memo~a d m 
BUREAU OF SPORT FISHERI ES AND WILDLIFE 

TO Charles M. Loveless, DATE: September 19, 1973 
Assistant Director of Research 

FROM Lea der, Montana Cooperative Wildlife Research Unit 

SUBJECT: Comments on the review of 11A Computer Analysis of the Yellowstone 
Gri zzly Bear Population" by Gross and Peterson 

Enclosed you will f ind our comments. Appraisals made by other 
compe t ent sci ent is t s from the Universi t y of Montana and other 
ins t itu t ions have all been very favorable. We hope that we 
recei ve instructions in the very near future to release the 
report t o interested parties and to submit the report for 
pub l i cation. 

Enclosures 
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Comments on the Craighead paper: "A Computer Analysis 
of the Yellowstone Grizzly Bear Population" 

The paper summarizes population statistics measured on the grizzly 
b~tir population for the period 1959-1972, 

In 1968 the National Park Service began a rapid closure program 
involving all the open- pit garbage dumps in Yellowstone National Park. 
These dumps were evidently a valuable source of food for the grizzlies. 
The closure presumably resulted in more grizzly bears invading unsan­
itized campg1ounds, more contacts with stockmen and more hunter kills 
outside the park. 

The authors maintain that until 1968, the Yellowstone Park grizzly 
population was relatively stable, but after that date, the population 
steadily decreased. Consequently, the investigators have divided their 
data into two periods: the nine years prior to closure of the garbage 

--2-__dumps, and the three years immeaiately after closure. Various models 
~are -- d~veloped using population parameters to predict how the population 

would react under different sets of conditions. Their overall purpose 
is to show that current National Park policy is detrimental to the 
grizzly bear population and unless this . policy is changed, the Yellow­
stone population may be extirpated. 

T:1c in·'vresti ga.to:::.; ~~t2mpt to 5il(/w· tl1a:t ,i'epro(!.u(;tj_ Ve :ci:1.Lt=~ b l.,a,..(· L,~ci 
to char.ge in 1968. Evidence is presented to support the hypothesis 
that during the nine-year period prior to 1968 the population was stable 
and experienced a relatively high reproductive rate (Table 7),-but dur­
ing the three-year period after the closure of the garbage pits, the 
population started to decline and experienced a relatively low repro­
ductive rate (Table 8). If we examine Tables 7 and 8 together, we can 
see that "a stable population" is a little ·misleading. The 12-year 
period from 1959-1970 can be divided into four 3-year intervals ( they 
divided it into 9 and 3). We can see that the second and third inter­
vals had the same high reproductive rate~c<o(l.13 and 1.11), but the 
first and fourth periods were low (o.78'~d 0.66)•.'~6 The important point 
is that the reproci.ucti Ye rat~ for th-= last three-year pe:!'.'iod ( after 
closure of the dmips) is very similar to the first three years during 
the "stable period. ." Actually ·the reproductive rates for the 12-year 
period form a nice bell-shaped curve! 

The authors also used the breeding hi.stories for 15 marked females 
to show that reproductive rates in the l ast three years averaged lower 
than in the previous nine years (Tables 9 and 10). Again, I feel these 
tables a.re somewhat biased. First, the authors started observations 
on a marked grizzly only when she was first observed with a litter. 
This · would be satisfactorJ · i.f all observations started with bears that 
wc:-e 5 1/2 years old (year of first breeding). But surely some of the 



bears were older, and the first observations could be during those years 
when the female did not.have a litter although previously she may have 
h ad one. These "zero years" would not be included in the column hea::ed 
"reprodu~tive period in years " because this equals the year of first 
recorded litter. If these non-productive years had been included , t=..en 
the reproductive rate would be lower because the denominator in calcu-

. lating the average number of cubs per female per year would be larger. 
To test this, I arbitrarily added 1 year to every other female that nas 
observed in the two periods (7 of the 15 marked animals ) . This addition 
of 7 years to the reproductive period effectively lowered the repro­
ductive rate from 1. 03 for the J.5 marked animals to 0 . 90--a decrease qf 
10%. 

Table 10 is interesting in a similar way . Here , the authors use a 
reproductive period of three years (except one which was 2) for the 
marked females . If the females breed every other year , then the nu::.~er 
of litters a female could bear would either be 1 or 2 depending on ¥~en 
the reproductive period was started for each female . As Table 10 i~ii ­
cates, only 1 or 0 litters were observed in the three-year period ani 
this is probably one of the lowest reproductive rates that could be 
obtained. If one more year had been added to the reproductive perioi 
(e.g. 1971), the number of litters could very well have been doubled and 
the reproductive rate would be subsequently higher for, the period that 
experienced a low reproductive rate. 

I also compared the reproductive rates for the 1959-67 and 1968-70 
periods by using a paired t-test on the 15 marked grizzlies presented in 
Tables 9 .and 10. The test showed no significant difference in repro­
ductive rates of the 15 marked females for the two ·periods (calculated 
"t" = 2 . 01 and tabular "t" for 14 d . f . = 2.14@ the . 05 level) . Gra::ted , 
the "t" values are very close, and if the species is really endanger-ed , 
no biologist would "quibple " over a decimal point on a statistical test 
at that level . However, if we are to use statistical tests in formu­
lating decisions in other "less touchy" wildlife problems, then we 
shouJ.d at least give the test considerable thought in this problem. 

After this discussion on reproductive rates, the authors disc'J.ss 
mortality and sur·vi vorship rates . These data are summarized in Tables 
11, 12 and 13. I will not dwell long on a discussion of this sectic~. 
The authors stress the point that mortality in subadult and adult bes..r-s 
increased after closure of the open-pit dumps in 1968. Presumably t~is 
increase in mortality was due to a dispersal out of the park where ttey 
were legally shot by hunters or a dispersal into unsanitized campgrou...~ds 
where they were shot for control purposes . Tables 12 and 13 indicate 
almost twice as many grizzlies were killed each year, on the average, 
between 1968-1972 than between 1959-1967 (32.0 vs 18 . 1 respectively). 

Known mortality is difficult to dispute, especially in an animal 
li.ke a grizzly bear. However , due to the popularity of this animal in 

2 



recent years, the increased "kill" could be due to more efficient 
reporting. 

Witn that, I would like to end this rather lengthy discussion with 
a few closing remarks. Intuitively , I think the Craigheads are right. 
There is no doubt that (1) there are relatively few grizzly bears left 
in Yellowstone National Park and they are definitely worth saving, 
(2) the animal has a very low reproductive potential, (3) the population 
recovers slowly from excessive mortality , and (4) high mortality on 
adults could endanger the Yellowstone population and measures to prevent 
Stat~ huntiLg and National Park control by shooting may be necessary. 
I wish to point out that the mode~s they developed, and the predictions 
that came from them, are only as good as the data that went in, namely, 
the sex and age ratios, reproductive rates, mortality rates, etc. If 

. any one of these are a poor measure of a population parameter, then the 
prediction will likewise be poor. I feel the reproductive data, as they 
present it, are open to question. 

September 7, 197-3 

.c:-c-JtA.c~- .Jlt'4-, e,.<.(.: d7 , cl,")C.C<... 

,,7"-""' _ I .J 7°: #:,;,, 
t:-<.. .(0 ~ ~ (/.Tl-< .:c: . .L 

Respectfully sub~tted, 

hK~-
Steven R. Peterson 
Migratory !fon-Game :i3ird Studies 
Migratory Bird and Rabi tat 

Research Laboratory 

i 
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Comments on Jack Grass's Comments on: 

11A Computer Analysis of the Yellowstone Grizzly Bear Population" 

We have carefully reviewed Jack Grass's computer re-analysis 

and the computer printouts. Dr. Gross made a few changes in repro­

ductive and mortality rates to match the behavior of one of his own 

programs to our census data, then made projections with it. His 

program shows lower population growth rates than ours, and · the 

differences in results are all in the direction of faster declines. 

Among nine statements evaluated by Dr. Gross, six were concluded 

to be valid, one partly val id and partly invalid, and two were invalid 

on the positive side---that is, his simulations indicated a more 

critical population situation than our models showed. No statements 

were concluded to be invalid. 

The re-analysis was a very severe test of both our data and our 

computer programs. We were pleased to see them so rigorously tested 

and we believe that Dr. Grass's conclusions fully support our own. 

John J. Craigh 
Mont. Coop. W 

Leader 
Res. Unit 



Comments on Steve Peterson's Comments on: 
l, 

"A Computer Analysis of the Yellowstone Grizzly Bear Population':' 

1st par. The dumps were not only a valuable source of food, 

but because they had been in existence for some 80 years they had 

profoundly affected the movements, size of home ranges, behavior 

patterns and seasonal distribution of grizzly bears throughout the 

5,000,000 acre Yellowstone ecosystem. They had served to zone 

grizzlies from man during the visitor season and they had become 

an integral part of grizzly bear ecology. Data to support this 

wi 11 be presented in detai 1 in future papers. 

2nd par. We did not divide our data into pre- and post-1968 

periods with an "overall purpose'' ... "to show that current National 

Park pol icy is detrimental ..• 11
• 

This is an assumption or a prejudice that the reviewer has 

accepted from other sources. It is nowhere stated in the paper. 

We would like to know how it is feasible to determine what occurred 

during the 1968-72 period unless data for that period can be compared 

with some ecological benchmark or norm of an earlier period? We 

concluded that the National Park Service pol icy is detrimental and 

should be changed. We did not set out to prove this or anything else. 

This attitude by the reviewer disturbs us and think it deserves 

greater discussion than I can devote to it at this time. 
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3rd par. We did not present a hypothesis. Data showed that 

between 1959 and 1968 the population was in stable age distribution. 

Computer runs show that after that period it was not. See Appendix D. 

The reproductive rates are shown for each year. It is true that the 

reproductive rates for the first three years is ,78 and .66 for the 

last three. Evidence was that it would have been considerably lower 

in 1971 and 1972 had we been able to remain in the Park and record data. 

The important point is that the reproductive rate was low (.66) at 
0 

a time when mortality was excessively high. The results of such a 

combination are obvious without a computer. It could be theoretically 

argued that the low reproductive rate during 1968-70 was a normal 

population response and not due to stresses caused by closure of the 

dumps. Data which could not be included in the report indicate . 

otherwise. This point is, however, academic. It is obvious from the 

data that the grizzly bear has a low reproductive rate, and that 

great caution should be exercised in formulating policies that increase 

the death rate. We believe the criticism offered in paragraph 3 is 

invalid. 

4th par. Peterson's criticism essentially demonstrates that 

the reproductive rate could be lower than our calculations show and 

thus the population situation more critical. 

If the reproductive rate is calculated from age 5½ (the earliest 

age that females produced 1 itters) through 1967 for the 19 females 

recorded in table 9, then the average reproductive rate is .87. 



If it is calculated from age 5½ to year of last observed litter, it 

is ,93, We used the criterion - year of first recorded litter through 

1967 as the reproductive period in order to be on the conservative 

side. This gave us the reproductive rate of 1 .02. 
J\ 

5th par. We were consistent in treating the data in table 10 

the same way data were treated in table 9, so there is no bias. More 

years of observation would have strengthened these data, but we were 

denied the privilege of doing this. There is no evidence tha\ the 

reproductive rate would have been higher had we made such observations. 

Much indirect evidence indicates it would have been lower. Peterson 

fails to point out that the reproductive rate for that period (1968-70) 

shown in table 8 and obtained using an entirely different method is 

.664. Again, in order to be on the conservative side we used the 

reproductive rate of ,70 (table 10) in our computer runs. We conclude 

that the criticism is not convincing. 

6th par. If we understand the comment correctly, Peterson is 

saying that a sample size of 15 is too small to establish a significant 

difference in birth rate between the 1959-67 and 1968-70 periods. 

Method one, however, (page 14) used a much larger sample size and 

produced similar results. We are satisfied that the difference in 

birth rate between the two periods really exists. 
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7th par. No comment required. 

8th par. Admittedly, it is difficult to standardize the efficiency 

and the amount of time and effort that goes into obtaining information 

on known deaths. We recognized this problem and we made special efforts 

to avoid bias. We believe there is bias but that it exists in under­

recording rather than over-recording during the 1968-72 period. During 

1959-68, we recorded all the known deaths in the Park, this included 

deaths from control as well as some deaths from 11natural 11 causes. 

Since that time control deaths in the Park have been recorded only 

by Park biologists. We do not believe that deaths from natural causes 

have been adequately observed and recorded by Park biologists during 

1970-73, We also believe we should have been permitted to verify and 

record control deaths in the Park during the 1968-73 period. This 

would have alleviated any suspicion as to whether~ control deaths 

were r~corded. For more detail on confirmed mortalities, see page 

48 of the report. 

9.th par. I hardly know how to properly comment on an intuitive 

judgment made from long-term quantitative data. Essentially Peterson 

supports our basic conclusions. Perhaps what he is saying is that it 

doesn't take a computer analysis to demonstrate that in a species with 

a low reproductive rate, annual mortality cannot exceed annual 

recruitment for long without placing the population in jeopardy. If 

that is what he means, we are in agreement. 
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It is axiomatic that the conclusions made from any data are only 

as good as the data. Certainly this applies to population analyses 

and speci f ically to our analysis. If Peterson or anyone else can come 

up wit h more precise reproductive data for the grizzly bear, we would 

be glad to inco r porate such data into our models. Actually, we believe 

our reproductive data are one of the strongest biological parameters 

we recorded. 

o/~ 
John J. Craighead, Leader 
Mont. Coop. Wildl. Res. Unit 



Comments on Gross Report 

Mr. Gross has apparently used the biological parameters and 

mortality data from our report in a harvest-type population model 

as an independent check on the performance of our model. The agreement 

between the results of the two simulations is very good in most respects, 

especially considering that the models may be quite different in con­

struction. Moreover, in the cases where the results from the two models 

differ, those of Mr. Gross show (without exception) lower population 

growth rates and hence a more critical situation than described in our 

report. 

It is not possible for us to resolve the discrepancies noted in 

Gross 1 s report without complete information on his population model 

and program. It would probably require a considerable effort since 

both programs would need to be modified to print out intermediate 

ca l culation steps in order to identify the sources of differing growth 

rates. We don 1 t feel that such effort is justified since the results 

of Gross's simulation show a uniformly bleaker situation than ours do. 

Joel Varney 
Mont. Coop. Wildl. Res. Unit 
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John: 

I looked over this material and the 6 lbs. of computer printouts that 
he sent along with it. He made a few chan ges in reproductive and mortality 
rates to match the behe~ior of one of his own programs to the census data, 
then mAde projections with it. His program shows lower growth rates than 
ours, and the differences in reaulta are ell in the direction of faster 
declines . Fine resultal Makes us look very conservative. 

Resolving differences as he mentions would be a large task and require 
much digging into the guts of both programs and making step-by-step 
compa risons. Also we don 1t have his program, only results printouts. 
Don 1t vo lunteer to get into it without mAking allowance for the time and 
effort that would be required (lots). Besides, I think auch details are 
immaterial since hie runs ahow a _worse situation. 



A COMPUTER RE-ANALYSIS 
. by 

Jack E. Gross 
of 

A COMPUTER, ANALYSIS OF THE YELLOWSTONE GRIZZLY BEAR POPULATION 
. J by 

.,. Craighead, Varney, and. Craighead 

I. FORMAT FOR SIMULATIONS NO. l THROUGH .NO . . 4 

A. Annual cycle as described on page A-9·and A-10 

1. Simulation begins with initial p,opulation size on June 1, 1959. 
Each subsequent simulation year begins with simulation popula­
tion on June 1. 

2. Natural mortality was distributed evely over the year, but 
controlled through three mortality periods. 

3. Hunting and control mortalities were grouped into one classifica­
tion (called harvest mortality) that was applied in mid-October. 

4. Effective reproduction first appears in the simulations on 
June 1, as cubs per adult female. 

B. Data input for simulations . 

l. Initial :population size and age-class structure for males and 
females as reported on page 6 (less the last 5 age classes 
which carried negligible numbers of females). 

2. Reproductive rates of 1.02 cubs per adult female on June l of 
each year from 1959 throug~ 1967, and reproductive rates of 
0.70 cubs per adult female on June 1 of each year from 1968 
through 1973. 

3. Age class and sex class mortality rates as -reported .on page 22 
,· from June· 1_, 1959 through May ;31·, 1968. 

4. Beg'inning on June l, 1968 age class and sex class mortality rates 
were increased to correspond to the increased known-mortality 

· rate as discussed on page 23. For example, known deaths from 
1959-67 comprised 54.5 percent of total mortality. Thus, in age 
5.5 males, the total mortality was 0.0556. The instantaneous 
rate was 0.0572. The instantaneous known mortality rate was 
0.0312 (0.0572 x .545) and the instantaneous unknown mortality 
rate was 0.0260 (0.0572 x .455) . . Of the 76 percent increase in 
known mortality (page 23), adults increased by 218 percent (page 
25). Thus the new instantaneous known mortality rate was 0.0992 
(0.0312 x 3.18). The new total instantaneous mortality rate was 
0.1252 (0.0260 + 0.0992). The new crude mortality rate was 
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0.1177, which represents the 5.5 year contribution to an 
unchanged unknown mortality and a 76 percent increase in 
known mortality. All other age--cla sses were corrected in the 
same manner, the only difference being that ages 0,5 through 
4.5 increased by only 33 percent (page 25). 

5. · Begi-nning on June 1, 1971, the known mortality portion of 
total mortality was separated and appears in the simulations 
specifically as harvest. · 

6. The harvest of 6 animals in October of year 1~ (1973) is a 
dummy value and does not affect the implication of the simula­
tions which only include data up, to June 1, 1973. 

II. RESULTS OF SIMULATIONS NO. l THROUGH NO. 4 

A. SIMULATION 1 (years 1-9) 

1. Number of adult females in TABLE 2 = 30.7 

30.7 times reproductive rate of 1.02 = 3.13 

This value of 31 .3 agrees closely with the value of 32 in 
SIMULATION 1, TABLE 8, COLUMN F, YEAR 2. 

But the production of 32 young was offset by the total loss of 
31;7 animals during the year (SIMULATION 1, NARRATIVE REPORT, 
YEAR 1, STATEMENT 33. 

Thus, the population density changed from 156.9 at the beginning 
· (June l) of year l to 157.2 at the beginning of year 2 (SIMULATION 
l, NARRATIVE REPORT, YEAR l, STATEMENT 33) and thus the population 
increase was only 0.2 percent (SIMULATION 1, TABLE 2, COLUMN E, 
YEAR 2 and SIMULATION 1, NARRATIVE REPORT, YEAR 1, STATEMENT 34). 

However, model Ib in Fig. 9 (p-40) exhibited a population growth of 
8 percent by changing from 157 .at the beginning of year 1 (1959) 

' to 169.6 at the beginning of ye~r 2 (1960). 

2. The population in Model Ib (p-40) increased at an average rate 
. of 3.6 percent per year during the first 9 years to a population 

high of 207.4 at. the beginning of year 9 (1967). 
' ' ' 

The population in SIMULATION l increased at an average rate of 1.5 
percent (SIMULATION l, TABLE 2, COLUMN E, YEARS 1-9) to a popula­
tion high of 175.9 at th~ beginni~g of year 9 (SIMULATION 1, TABLE 
2, COLUMN A). 

I 
'[ 
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Thus, the population high in Model Ib was 17.9 percent larger 
than the population high in SIMULATION l, and the growth rate 
in Model Ib was 140 percent greater than the growth rate in 
SI,MULATION l. 

l 
B. SIMULATION 2 (years · 1-9) 
\ 

3. The first discrepancy to be cleared was the increase between 
year l and 2. By boosting the second year's cub crop to 1 .41 
cubs per female (SIMULATION 2, TABLE 7, COLUMN 0, YEAR 2), the 
population increased from 156.9 to 169.5 between the beginning 
of the first year and the beginning of the s~cond year 
(SIMULATION 2, TABLE 2, COLUMN A., YEARS 1 and. 2) or an increase 
rate of 8.19 (SIMULATION 2, TABLE 2, COLUMN E, YEAR 2). Thus 
the 8 percent first year's growth rate in SIMULATION 2 matched 
the 8 percent growth rate of Model Ib. 

4. However, the average growth rate of the population in SIMULATION 
2 was only 1.9 percent for the first 9 years (SIMULATION 2, 
TABLE 2, COLUMN E, YEARS 1-9) as compared 'to the average growth 
rate of 3.6 percent for the first 9 years in Model Ib of Fig. 9. 
The low growth rate of SIMULATION 2 also allowed the population 
to reach a high of 181.9 (SIMULATION 2, TABLE 2, COLUMN A, YEAR 
9). Thus the growth rate of Model Ib was still 89 percent greater 
than SIMULATION 2 and the high population of Model Ib was still 
14 percent larger than SIMULATION 2. 

C . . SIMULATION 3· (years 1-9) 

5. · The second discrepancy to be cleared was the low growth rate of 
SIMULATION 2. The growth rate was changed by changing the cub 
mortality rate to a value 1/2 the reported. The adjusted cub 
mortality rate caused the population to grow at an average rate 
of 4.0 percent (SIMULATION 3, TABLE 2, COLUMN E, YEARS 1-9) a 

· figure 10 percent larger .than the 3.6 percent growth rate in 
Model Ib (p-40). · 

· 6. 'However, the new growth rate allowed the population in SIMULATION 
. 3 to increase to a high of 214.2 (SIMULATION 3, TABLE 2, COLUMN A, 

YEAR 9 which was 2.5 percent larger than the population high in 
Model Ib. Likewise, the new growth rate caused the first year's 
growth to increase from 8.1 percent to 11· percent (SIMULATION 3, 
TABLE 2, COLUMN E, YEAR _ 2). 

O. SIMULATION 4 (years 1-9) 

7. The final discrepancy was to reduce the first year's growth rate 
to a better approximatio~ of Model Ib~ By decreasing the second 
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year's cub crop to 1:22 cubs per female (SIMULATION 4, TABLE 7, 
COLUMN D, YEAR 2), the fir ~t year's growth rate was reduced to 
7.2 percent (SIMULATION 4, TABLE 2, COLUMN E, YEAR 2) as compared 
tQ 8.0 percent in Model Ib (p-40). The population's average 
growth rate in SIMULATION 4 was 3.7 percent (SIMULATION 4, TABLE 
2, COLUMN E, YEARS 1-9) as compared to 3.6 percent average growth rate in Model Ib, and the population high was 210.3 (SIMULATION 4, 
TABLE 2, COLUMN A, YEAR 9) as compared to a population high of 
207.4 in Model Ib. 

· 8. Thus, the first 9 years of population size in SIMULATION 4 
(SIMULATION 4, TABLE 2, COLUMN A, YEARS 1-9) 'are for practical 

. purposes identical to the first .9 years of population size in 
Model Ib (p-40). However, the simjlarity was achieved by altering 
the following original data: 

1. The second year I s reproductive rate wa .s increased 
from 1.02 to 1.22. 

2. : The cub mortality was reduced by 50 percent (from 
.2564 and .3704 on males and females, respectively 
to .1376 ijnd .2065 on males and females, respectively. 

The discrepancies should be resolved. In addition, the 8 percent I increase between year 1 and year 2 in Model Ib does not appear to It / be possible with the stated female age structure and reproductive 
ra.te. 

E .. SIMULATION 4 (years 10-15) 

. . 9. Considerable discrepancies begin to appear in the population trend 
and sizes between Model Ib and .SIMULATION 4 in years 10-15 (1968-. 73). In short, the population in SIMULATION 4 declines more 
rapidly than that in Model lb. , The population in SIMULATION 4 
on June l, 1973 is 83.8 animals (SIMULATION 4, TABLE 2, COLUMN A, YEAR 15) or 18.3.percent below the 102 shown by Model 'Ib. The 
most likely candidate for this discrepancy is the way mortality 
was applied during the period. ' This discrepancy should be clarified. ; · 

. ' .. 
·•. ' F. SIMULATIONS 5-13 (years ·16-25 or 1974-83) 

10. The following evaluations are all based on an extension of 
'SIMULATION 4. 

John: 
The earlier material I sent picks up here. 

• • I ' 

JEG 



. .... . 

Here i s t he rest of the mat erial. I suppose 
We will be in contact in the next few days. 
Tbe whole thing looks pretty good. 

JEG 

I. STATEMENT FOR EVALUATION 
(Page 59, Paragraph 3, Sentence 6) . 

"For the population to grow at approximately the 1959-67 · rate of 2.5% per year with a reproductive rate of .70 the known mortality per year could not exceed 6 or 7 animals." 
II. SIMULATION FOR EVALUATION 

No . 8, Alternative l, Alternative 2 

l. DATA ALIGNMENT WITH SOURCE 

AL TERNA TI VE l 

L .... ... . .. 

SOURCE SIMULATION LOCATION IN SIMULATION REPRODUCTIVE RATE 0. 70 0. 70 TABLE ?,COLUMN D,YEARS 16-25 ,KN OWN MORTALITIES 7 7 TABLE 5,COLUMN E,YEARS 16-25 POPULATION TREND +2.5%/yr. +1.5%/yr. TA3LE 2,COLUMN E,YEARS 16-25 

ALTERNATIVE 2 
SOURCE SIMULATION LOCATION IN SIMULATION REPROOUC1 IVE RATE 0. 70 0. 70 TABLE ?,COLUMN D,YEARS 16-25 KN OWN MORTALITIES 6 6 TABLE 5,COLUMN E,YEARS 16-25 POPULATION TREND +2. 5%/vr. +2.2% TABLE 2,COLUMN E,YEARS 16-25 

2. COMMENT 

The known mortality of 7 animals (ALTERNATIVE l , TABLE 5, COLUMN E, YEARS 16-25) caused the population to grow at a relatively constant rate of 1.5 perc~nt per year during the project period (ALTERNA­TIVE 1, TABLE 2, COLUMN E, YEARS 16-25). The slightly lower known morta 1 ity of .6 ani.ma ls (ALTERNATIVE 2, 1ABLE 5, COLUMN E, YEARS 16-25) caused the population to grow at a relatively constant rate of 2.2 percent per year during the projection period (ALTERNATIVE 2, TABLE 2, COLUMN E, YEARS 16-25. - ' . . 

II I. CONCLUSION 

l. The statement is valid. 

\ , 
I • 

~ I, 
., ' 
; . ' 

I 
' I· 
' 



/1/ I . STATEMENT FOR EVALUATION 
(Page 62, Paragraph 2) 

11 Runs wi t h Model I and standard calcula ti ons us i ng the li f e 
t able both show t hat for a stable po pula tion (R=.78) the 
t ota l mor tal i ty and the recruitment must bo t h be 18.5% per 
yea r. For the 1959-67 per iod, yearly recruitment was 21%, 
exc eeding~ the 18.5% mortali t y by 2.5% and resulting in an 
average yearly growth of 2. 5% for that period . " 

I I . SIMULATION FOR EVALUATION 

N.o . 10, Alternative 2 

l . . DATA ALIGNMENT WITH SOURCE 

1959-67 PERIOD 
' 

~ SOURCE SI MUL ATION LOCATI ON IN SI MULA TION 
AVERAGE NUMBER r OUNG 36. l TABLE 8 ,COLUMN F,Y EARS 2-1 0 B AV ERAGE SIZE BASE POP . · 151 . 4 ' TA BLE 2COLUMN D,YEARS 1-9 

f AVERASE RECRUITME NT 21 % 24% A/ B (IN 'THIS TA BLE) 
D AVERAGE NUMBE R LOST 30.5 TABLE l ,COLU MN A-D,YEARS l- 9 
E AVERAGE TOTAL MORTALITY 18 . 5 16 .8% TABLE 2,AAD,YEARS 1-9 
F POPU LATION TR END +2 . 5% +3 . 0% TABLE 2,COLUMN E,YEARS l-9 

1974-83 PER IOD PRO JE CTION 
'SCOR CE 'STMU LAT1 ON LOCATION IN SI MULATION 

'A AVE RAGE NUMBER YOU NG 16. 5 TABLE 8 ,COLU MN F,Y EARS 16- 25 
t3 AVERAGE STZE BAS E POP. 68 .3 TABLE 2,COLUMN D,YEARS 16-25 I' AV ERAGE RECRUI TMENT l8.5 24% A/ B (IN THIS TABLE) v 

D AVERAG E NUMBE R LOST 16.5 TABLE 2,COLUMN A-D,YEARS 16-25 
E AVERA GE TOTAL MORTALITY 18. 5 19. 5% . TABLE 2,AAD,YEARS 16-25 
F,POPU LATION TREND level level TABLE 2,COLUMN E,YEARS 16-25 

2. COMMENTS 

Simul ~tion number 10 (ALTERNATIVE ,2) agrees with the stateme nt 
only in terms of the growth rates during the 1959~67 and 1974-83 
peri ods. The general patte rns of average recruitment and average 
total mortality dif fer between the source and simulation. The 
r ecruitme nt for both periods in the. si mulation was equal, but 
the avera ge total mortality increased in the 1974-83 period. 
Thus, recruitment changed in the source information while . mortality 
changed in the simulation. In addition, the i~plications of 
equal recruitment and equal mor t ality on population stability 
ma y not be valid, depending on how they were calculated . . For 
exampl e: 

1. Consider a base population of 100 animals with 18.5% 
recruitment the first of the . jear 

,, 

\, 
I 



::, 111u l a ·· on No. l O, A e na ve 
Pa\)e Two 

2. There would be 78.5 young produced and the population 
size would be 118.5 

3. Consider that the population exhibited 18.5% total 
mortality 

4, • The total number of animals lost during the year would 
be 21.9 and the end-of-y~ar·population would be 96.6, 
for a population decline of 3.4% 

5. Thus, this example, which is comparable _with the stated 

stable conditions, does not agree with ;he statement 

6. If the ropulation exhibited 15.6% total mortality, the 

total number of animals lost would be 18.5, and the 
end-of-year population would be 100, for a stable density. 

This example is comparable to the simulation. 

I I I. CON CL US ION 

1. The statement ap~ears to be partly valid and partly invalid • 

... '• ' , .. 

o ' i I 

? 
, 
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I. STATEMENT FOR EVALUATION 
(Page 61, Paragraph l, Sentence l} 

"Should known mortalities drop to 10 grizzlies per year, 
the population would rema in essentially static if the 
reproductive rate is .78." 

II. SIMULATIO~ FOR EVALUATION 

No. 10, Alternative .1, Alternative .2 

1. DATA ALIGNMENT WITH SOURCE 

ALTERNATIVE 1 
I SOURCE SIMULATION ,LOCATI ON IN SIMULATION 
~~EPR0DUCTI VE RATE . 78 .78 TABLE ?,COLU MN D,YEARS 16-25 
!KNOWN MORTALIIIES l 0 10 TABLE 5,CQLUMN E,YEARS 16-2 5 
~0PULATI0N TREND level . -1 .8%/vr. TABLE 2,C0LUMN E,YEARS 16-25 

ALTERNATIVE 2 
I 'S OURCE SIMULATION LOCATION IN SI MULATION 
~EPR0DUCTI VE RATE .78 .85 TABLE 7zC0LUMN D2YEARS 16-25 
~NOWN MORTALITIES 10 10 TABLE 5,C0LUMN E,YEARS 16-25 
POP ULATION TREND l eve1 level TABLE 2,COLUMN E.YEARS 16-25 

2. COMMENTS 

The stated : r eproductive rate of :78 (ALTERNATIVE 1, TABLE 7, 
COLUMN D, YEARS 16-25) required to create population stability 
does allow lit tle change in the population in'l974 (ALTERNATIVE 1, 
TA BLE 2, COLUMN E, YEAR 16), but does crea te a population that 
declines at an average rate of -1 .8 percent, with the rate 
increasing in the latter years of the projection period (ALTERNA­
TIVE l, TABLE 2, COLUMN E, YEARS 16-25). An increase of the 
reproductive rate to .85 (ALTERNATIVE 2, TABLE 7, COLU MN D, 
YEARS 16-25) essentially creates long-term stability in the 
popula-tion (ALTERNATIVE 2, TABLE 2, .cqLUMN E AND A, YEARS 16-25). 

I I I. CONCLUSION 

1. The statement of required reproductive rate~is slightly low 
but essentially ~alid~ 

\, 
I 



I. STATEMENT FOR EVALUATION 
(Page 74, TABLE 20) 

"Allowable known mortalities in 1973 for stable population 
· 1evel." , 

(P~ge 73, Paragraph l ,· Sentence 4) . 
, ' 

"f\ permissable total known mortality of only 13 animals, 5 
of which occur .in the category of "other.causes11

, leaves 
no leeway for trial ~nd error manag~ment . . 

II. SIMULATION FOR EVALUATION 

No. 12, Alternative l, Alternative 2 1 

l. DATA ALIGNMENT WITH SOURCE 

ALTERNATI VE l 
[_ SOURCE SIMULATION LOCATION IN SIMULATION 
fEPROD UCTIVE RATE l.O 1.0 TABLE ?,COLU MN D,Y EAR 16 
~~NOl~N MORTALITIES 13 13 TABLE 5,COLUMN E,YEAR 16 
, -97 4 POPULATION TR END level +O. 1% TABLE 2,COLUMN E,YEAR 16 

ALTERNATIVE 2 
! UR E IMULATION L CATION IN SIMULATION 
a{EPRODUCTIVE RATE l. 0 1. 0 TABLE 7 ,COLU MN 
tNOWN MO RTAUTI E S_. __ 1_3__, __ l_l--➔-T-A_B_L_E _5_,_,-CO_L_U_M_N --L~--.-

00 PULAT I ON TREND - . ~ TABLE 2, LUMN 

2. COMMENTS 

The 13 known mortalities (ALTERNATIVE l, TABLE 5; COLUMN E, 
YEAR 15) do hold the 1973 population size of 83.8 to a 1974 
population size of 83 . 9 (ALTERNATIVE l, TABLE 2, COLUMN A, YEARS 
15 and 16), but the continued application of 13 known mortalities 
(ALTERNATIVE l, TABLE 5, COLUMN E, YEARS 16-25) cause the popula­
tion to decline at ~n increasing rate during the final 9 years 
of the projection period (ALTERNATIVE 1, TABLE 2, COLUMN E, 
YEARS 16-25 ). , However, a known mortality of 11 animals (ALTERNA­
TIVE 2, TABLE 5, COLUMN E, YEARS 15-25) cause the population 
to assume a more level population trend of -l.1 % during the 
projecti on period (ALTERNATIVE 2, TABLE 2, COLUMN E, YEARS 16-25). 
Actually, the known mortality would have to be slightly less than 
11 per year. · 

I I I. CONCL USION 

l. The statement of allowable known mortalities to stabilize the 
po~ulation is valid for 1973, but is 18 percent too high for 
long-term stabilization. 

• I 
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I. STATEMENT 'FOR EVALUATION 
(Page ·61 , Paragraph l, Sentence 2 and 3) 

"It would grow at about 2.5 percent per year with a repro­
ductive rate of 1.0. Thus for the population of grizzlies 
in 1973 to grow at about the same rate that characterized 

. it during the 1959-67 period , it can sustain only 10 known 
., deaths dur-ing 1.973 and must exhibit .a reproductive rate of 
l. 0. 11 

II . SIMULATION FOR EVALUATION 

No. 11 

1. DATA ALIGNMENT WITH SOURCE 

I .SOURCE 
~EPRODUCTIVE RATE l. 0 
[KNOWN MORTALITIES 10 
fOPULATION TREND +2.5%/vr. 

2. COM\1ENTS 

SIMULATION LOCATION IN SIMULATION 
l.O TABLE ?,COLUMN D,YEARS 16-25 
10 TABLE 5,COLUMN E,YEARS 16-25 

+3.2%/yr. TABLE 2,COLUMN E,YEARS 16-25 

The simulation population trend of _3~2... percent annual growth is 
reasonably close to the stated 2. 5 percent annual growth . However, 
the simulation growth of 3.2 percent in years 16-25 (TABLE 2, 
COLUMN E) almost duplicates the simulation growth of 3.3 percent 
in years l-9 (TABLE 2, COLUMN E) .. Thus, the stated reproductive 
rate and known mortalities for the projection do cause the popula-
tion to grow at a similar rate obsefved in 1959-67. · 

II I. CONCLUSION 

l. The statement is valid~ 

• • 1 • 
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I. STATEMENT FOR EVALUATION 
(Page 59, Paragraph 4, Sentence .l) 

"If known mortalities per year drop to 15, the reproductive 
rate must, be l . 5 to effect a 2. 0 percent population growth. 11 

I I . SIMULATION FOR EVALUATION 

No . 9, Alternative l, Alternative 2 

1. DATA ALIGNMENT WITH SOURCE 

ALTERNATIVE 1 

IRE PRODUCTI VE 
SOURCE SIMUtATION 

RATE l. 5 l. 5 
kNOWN MORTALITIES lb 15 
1POPULATION TREND +2.0%/yr. -3.5%/yr. 

ALTERNATIVE 2 
I SOURCE SIMULATION •·• 1f~EPRODUCTIVE RATE 1.5 1.8 
IKNOI-JN MORTALITIES 15 15 
~OPULATION TREND +2..0%/yr. +2.2%/yr. 

2. COMMENTS 

LOCATION IN SIMULATION 
TABLE 7 ,COLUMN D,YEARS 16-25 
TABLE 5,COLUMN E,Y EARS 16-25 
TABLE 2,COLUMN E,YERAS 16-25 

LOCATION IN SIMULATION 
TABLE 7,COLUMN D,YEARS 16- 25 
TABLE 5,COLUMN E,YEARS 16-25 
TABLE 2,COLUMN E,YEARS 16-25 

The stated reproductive rate of 1 .5 is not sufficient to maintain 
a 2.0 percent population growth over the entire projection period. 
Although a ·fairly level population is maintained for the first 4 
years of the projection (ALTERNATIVE l, TABLE 2, COLUMN A, YEARS 
16-19), the average population trend is -3.5 percent (ALTERNATIVE 
l, TABLE 2, COLUMN E, . YEARS 16-25). The population will increase 
at an average rate of 2.2 percent over the projection period 
(ALTERNATIVE 2, TABLE 2, COLUMN E, YEARS 16-25) with a reproductive 
rate of 1.8 (ALTERNATIVE 2, TABLE .7, COLUMN D, YEARS 16-25), or 
20 percent higher than the stated rate. 

I I I. CONCLUSION, 

l. The stated reproductive rate is 17 perce~t too low to achieve the 
stated results. 

\, 
I 
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I. STATEMENT FOR EVALUATION 
(Page 59, Paragraph 3, Sentence 4) 

11 If the known mortalities for 1973 drop to 20\ (they were 27 
in 1972) then the population cannot grow even if it should 
exhibit a reproductive rate as high as 2. 0. 11 

II. SIMULATION FOR EVALUATION 

No. 6 

l. DATA ALIGNMENT WITH SOURCE 

I I SOURCE 
~EPRO DUCT IVE RATE i 2.0 

S-IMULATI"ON j · LOCATION IN SIMULATION 
· 2. 0 I TA BLE 7,COLUMN D,YEA RS 16-23 

r NOWN MORTALITIESi 20 20 !TABLE 5,COLUMN E,YEARS 15-23 
POPULATION TREND f DOWN · DOWN !TABLE 2,CGLUMN A,YEARS 16-23 

2. COMMENTS 

Al t hough the population increased by 10.9% (TABLE 2, COLUMN E, 
YEAR 16) in th~ first projection year (due to a sudden change 
from a reproductive rate of 0.70 to 2.00 (TABLE 7, COLUMN D, 
YEARS 15-16)), the increase is temporary and is soon cancelled 
(TA BLE 2, COLUMN E, YEAR 18) by the fixed known mortality that 
t akes an increasingly large percentage of the total population 
(TABLE 5, COLUMN F, YEARS 16-23), and the population size con­
tinues t6 decline (TABLE 2, COLUMN A, YEARS 16-23). 

II I. CON CL US ION 

· l. The statement is invalid if the single year 1973 is the refer­
ence point.. -------.. 

✓2, .The statement is valid if the 10-year trend 1973-1983 is the · v'"' .1

1

1 

reference point . . 
I 
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I. · STATEMENT FOR EVALUATION 
(Page 5~; Paragraph 3, Sentence 5) 

"S hould the reproductive rate remain depressed at .70, the 
population would decline at a rate of 10% per year." 

II . SIMULATION FOR EVALUATION 

No. 7 

,· \ 

l. DATA ALIGNMENT WITH SOURCE 

STM[J[A 

2. . . COMMENTS 

N 
16- 17 
5-

16-17 

For the 6-year period immediately prior to the projection period , 
during which the po~ulation exhibited a reproduction rate of .70 
(TABLE 7, COLUMN D, YEARS 10-15), the population declined from 206 
to 83 (TABLE 2, COLUMN A, YEARS 10-15) for an average decline 
rate of 14% per year (TABLE 2, COLUMN E, YEARS 10-15). Since the 
fixed known mortality of 20 animals (TABLE 5, COLUMN E, YEARS 15-
17) ta kes an increasingly larger percentage of the total popula­
tion (TABLE 5, COLUMN F, YEARS 15-17), the application of a .70 
reproductive rate to the population projection (TABLE 7, COLUMN D, 
YEARS 16-17) continues to depress the population size. 

III. CONCLUSION 

1. The general implication of the statement is correct. 
2. The magnitude .of the decline is greater than the statement indicates. 

\, 
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q I. STATEMENT FOR EVALUATION 
(Page 56, Paragraph 2, Sentence 2) 

11 At the 1972 level (rate l), the reproductive rate must be 
2.8 for a stable population." 

II. SIMULATION -FOR EVALUATION 

No . 13, Alternative 1, Alternative 2 

.·l; DATA ALIGNMENT WITH SOURCE 

ALTERNATIVE 
l I SOURCE SIMULATION .LOCATION IN SIMULATION 
!R EPRODUCTIVE RAfil 2.8 2.8 TABLE ?,COLUMN D,YEARS 16-19 
~ORTAL IT IES! 27 26* YABLE 5,COLUMN E.YEARS 16-19 
POPULATION TREND !LEVEL -6.7% TABLE 2,COLUMN E,YEARS 16-19 
*Actually 27 but rounding error shows 26 

ALTERNATIVE 2 
SOURCE SIMULATION LOCATION IN SIMULATION 

REPRODUCTI VE RATE 2.8 4.5 TABLE ?,COLUMN D,YEARS 16-25 
KNOWN MORTALITIES · 27 26* TA BLE 5,COLUMN E,YEARS 16-25 
POPULATIO N TREND LEVEL I +0.4% TA BL E 2,COLUMN E,YEARS 17-25 
*Actually 27 but rounding error shows 26 

2. COMMENTS 

Although the application of the 2.8 reproductive rate caused 
the population to increase by 13.8% in the first year of the 
projection (ALTERNATIVE l, TABLE 2, COLUMN E, YEAR 16), the 
applicati on of the same reproductive rate to the population in 
following years caused the population to decline at an increas­
ing rate (ALTERNATIVE 1, TAl3LE 2, COLUMN E, YEARS 17-19) . A 
reproductive rate of 4.5 app lied in ALTERNATIVE 2 produced a 
population with a practically level trend of _0.4% annual in­
crease (TABLE 2, COLUMN E, YEARS 17~25) and with a mean density 
of 127:5 (TABLE 2, COLUMN A, YEARS 17-25). . 

I 

I ' 

I I I. CONCLUSION 
' ' 

1. The stated reproductive rate for population stability at 1972 
mortality levels is a considerable,underestimate. 
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