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Abstract: Rocky Mountain goats (Oreamnos americanus) on Sheep Mountain
and Gladstone Ridge in the Sawatch Range of central Colorade were
observed for 3 winters, 1978-1980. Goats preferred areas without
persistent or melt-crusted snow where cliffs were interspersed with
tundra above treeline or with mountain shrub or sparse conifer habitats
below treeline. On winter ranges above treeline, group sizes were
larger and fewer goats were solitary, compared to ranges below treeline.
Further study of group size and of other goat behavior patterns as
potential mechanisms of population regulation is suggested.

Mountain goats were introduced in the Sawatch Range of central
Calorads in the Tate 1940°s and early 1950's. The original transplant
of 9 goats was released on Mount Shavano on 24 May 1948, An additional
release of 6 goats was made on Sheep Mountain, 25 km north of Mount
Shavano, on 30 June 1950 (Rutherford 1972). The population of mountain
goats resulting from these 2 transplants now exceeds 350 animals and is
the highest and the southermnmost on the continent.

This study was initiated in 1978. Objectives included: 1) determine
winter distribution of mountain goats on Sheep Mountain-Gladstone Ridoe,
2) measure preference for habitat types found on the study area, and 3)
measure sociality of mountain goats in relation to habitat. The project
was funded by the National Wildlife Federation, International Order of
Rocky Mountain Goats, Colorado State University, and Colorado Division
of Wildlife. Use of the cabin of Mrs. N. G. Maben as a field headquarters
is gratefully acknowledged.
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STUDY AREA

The study area [38°48'N, 106°20°'W) was located 11 km west of Buena
Vista, Colorado. Boundaries of the study area were the Continental
Divide, Middle Cottonwood Creek, and South Cottonwood Creek. Major
geographic features of the study area included Sheep Mountain (3640 m),
Gladstone Ridge (4027 m). Jones Mountain (4031 m), and Mount Kreutzer
(4000 m). Elevation ranged from 2775 m at the confluence of South and
Middle Cottonwood Creeks to 40371 m at the summit of Jones Mountain (Fig. 1).

Treeline occurs at about 3600 m depending on topography. Tundra
vegetation consists mainly of grasses, sedges, and forbs with patches of
Englemann spruce (Picea englemanni), bristlecone pine (Pinus aristata)
and willow (Salix spp.). Common plants include Carex spp., Agropyron
scribneri, Oreoxis alpina, Trifolium nanum, and Geum rossid. Belew
treeline 15 a forested zone dominated by Englemann spruce, Douglas-fir
(Pseudotsuga menziesii), 1imber pine (Pinus flexilis), and bristlecone
pine. Other major plants below treeline include Muhlenbergia montana,
Festuca arizonica, Artemisia frigida, and Hallodiscus dumosus. Previous
research on this study area has been reported by Bailey and Johnson (1977)
and hy Johnson et al. (1978).

METHODS

Data were collected during 3 winter field seasons. Field work was
conducted from 6 January to 3 April 1978, 15 January to 10 April 1979,
and 14 January to 14 March 1980. Helicopter surveys were made on
23 February 1979 and 22 January 1980.

When mountain goats were observed, the date, time. weather conditions,
location, group composition, group activity, and habitat characteristics,
such as slope, aspect, vegetation types, elevation, and snow depth, were
recorded. Locations were taken from a 15-minute U.5.G.5. topographic map
gridded in 16-ha squares. Locations were recorded to the nearest ha.

To determine winter habitat preference, the relative abundance of
each vegetation type available to mountain goats in winter was determined
{(Fig. 2). On the alpine tundra, the area within the boundaries of summer
mountain goat distribution and west of where timberline bisects Gladstone
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Ridge was considered available to goats in winter. In the subalpine
zone, the predominantly southfacing slopes of Sheep Mountain were
considered available (Fig. 1). This area was also used by goats in
S ummer,

Vegetation types were delineated on aerial photographs using a
stereocscope and type boundaries were adjusted to fit ground observations
(Kuchler 1955). Vegetation types were:

1. Mountain shrub: A mix of shrubs and herbaceous vegetation found

primarily on southfacing slopes of Sheep Mountain below 3500 m.
2. Sparse conifar: Stands of trees with more than 50% coniferous

species where tree crowns covered less than 50T of the ground as
determined from aerial photographs.

3. Dense conifer: Similar to the sparse conifer type except that tree
crowns covered more than 50% of the ground

4. Aspen: Any stand of trees that was more than 50% aspen (Populus
tremuloides).

5. Willow: Any area with at least 50% of the ground covered by willow.

6. Rock: This type included cliffs, outcrops, scree, talus, and boulder
fields.

7. Alpipe tundra: All areas above 3600 m not included in a previous
type, including fellfields, intermittent rock and grass, alpine
turf, alpine meadows, and alpine marshes.

The percent vegetation compositions of the available alpine and
subalpine winter ranges (Fig. 2) were used to quantify habitat
availabilities in calculating habitat preference indices (PI):

pt = » of goat ogbservations in a habitat type
Habitat type as % of available winter range

The subalpine winter range was also classified into percentages in
each of three elevation classes (Fig. 6). Preference indices for

elevation were calculated from these percentages and the percentages of
goat observations in each elevation class.

RESULTS
Over 3 winters, 133 groups of mountain goats, with 647 individuals
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{including repeated observations), were observed. Thirty-three groups
were seen above treeline and 100 groups were seen in the more freguently
observed range below treeline (Fig. 1). Habitat preferences in these
2 ranges will be discussed separately.

Based on the 22 January 1980 helicopter survey, moré goats may
have been wintering above treeline than below. 5Sixty-three of the BY
goats observed were above treeline. However, goats were easier to
cbserve in the open tundra and c1iffs above treeline than they were in
the forested zone.

Alpine Winter Range

Alpine winter ranges were 10Cated on Gladstone Ridge, Jones
Mountain, and Mount Kreutzer on the west half of the study area (Fig. 1).
Areas used were characterized by windblown alpine tundra ridgetops and
northfacing cliffs and outcrops. Elevation ranged from 3700 m to 4031 m.

Mountain goats showed a preference for the alpine tundra type and
rock, type (preference indices of 1.3 and 1.1, respectively), which were
also the most abundant of available vegetation types above treeline
(Fig. 3). Other available types, willow, sparse conifer, and dense
conifer, tended to collect and hold snow and were not used. Sixty-six §
of the 33 groups of mountain goats were observed on predominantly
northfacing slopes (Fig. 4).

Subalpine Winter Range

Subalpine winter range was located on the southfacing slopes of
Sheep Mountain (Fig. 1). The area is characterized by steep. broken
terrain with cliffs, outcrops, and talus slides intermixed with forested
and moguntain shrub vegetation. Elevation on the subalpine winter range
varied from 2800 to 3640 m.

Mountain goats showed preference for the mountain shrub and sparse
conifer types (preference indices of 2.8 and 2.0. respectively, Fig. 5).
The rock type was used frequently (34% of the 100 groups observed) but,
due to the abundance of this type on the range, was not preferred
(preference index of 0.7). The eastern half of Sheep Mountain winter
range (Fig. 2) is primarily the rock type with little interspersion of
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Fig, 3, Habitat selection by mountain goats on alpine
winter ranges, Sheep Mountain-Gladstone Ridge study area,
Vegetation types are alpine tundra, rocks, willow, sparse
conifers and dense conifers,
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Fig. 4. Use of aspects on subalpine and alpine winter

ranges by mountain goats on the Sheep Mountain-Gladstone
Ridge study area.
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the preferred mountain shrub and sparse conifer types and provides little
forage. Only 158 of the observed groups of goats were on this area. In
contrast, units of the rock type are interspersed with preferred vegetation
types on the western half of the available winter range and were used
heavily by goats.

Ninety-eight £ of the observed groups were on predominantly
southfacing slopes of Sheep Mountain (Fig. 4). The northfacing slopes of
Sheep Mountain are covered by the dense conifer type. They accumulate as
much as 2 m of snow and therefore were unavailable to goats.

In 1979, when there was about 15% more snow on the winter range than
in 1978 (based on a snow survey course gbserved by the U.5. 50il
Conservation Services at Monarch Pass, 25 km south of Sheep Mountain),
goats preferred the lower slopes of Sheep Mountain and avoided areas
above 3354 m. [In contrast, in 1978, with less snow, use of the Sheep
Mountain winter range was evenly distributed across all elevation classes
(Fig. 8).

Hinter Group S5ize

Data on mountain goat group sizes can be presented in at least /
ways, including a frequency distribution of observed group sizes. Six
methods are illustrated in Table 1. Group sizes were larger during
winter on alpine winter range than on subalpine winter range.

Table 1. Observed group sizes for mountain goats during winter on the
Sheep Mountain-Gladstone Ridge Study Area, 1978-1980.

Observed Alpine Subalpine
Group Size Winter Range Winter Range
Mean 10.4 3.1
Range 1-37 1-12
Standard Deviation 10.5 2.7
Percent of Groups as Salitary Goats 12 36
Percent of Goats, Solitary 1 1 12

Group Size for "Average Goat" 20.6 5.5

‘These averages are computed by weighting group sizes by the number of
goats in each group, summing the products, and dividing by the number
of goats observed.
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had more affect on habitat selection by mountain goats than did
availability of forage. 5now crusting has also been indicated as
influencing winter habitat selection by goats. Smith (1976) found goats
using parkland colluvial slopes early in winter when snow was fluffy,
but moving to steeper slopes that shed snow when it had consolidated
elsewhera, Snow depth, hardness, and density affect habitat selection
by many other ungulate species (Peek 1971, Formozov 1946, Skogland 1978,
Pruitt 1959).

Mountain goat winter ranges on windswept slopes above treeline and
on south-facing slopes below treeline have been recorded elsewhere
(Hebert and Turnbull 1977, Rideout 1978, Brandborg 1955, Casebeer et al.
1950, Lentfer 1955, Vaughan 1975). In studied populations in Idaho
(Brandborg 1955) and Montana (Smith 1976) most animals wintered at lower
elevations. This is in contrast to the 5awatch Range where most goats
wintered above treeline, based on numbers seen during the 22 January,
1980 helicopter survey.

Results of this study and reports of DeBock (1970), Brandborg (1955)
and Smith {1977) indicate that average mountain goat group sizes during
winter are larger on alpine tundra range than on subalpine forest range.
Lentfer (1955) reported that mountain goat group sizes were “"somewhat”
larger during winter than during summer. On our study area, average
group 5izes were similar for winter and summer but maximum group sizes
were much larger during summer (83 and 34 on alpine and subalpine ranges,
respectively; unpublished data).

Average group size in mountain qoats appears to be a function of
s@ason, population size in relation to habitat resources, steepness of
terrain, vegetation density as it affects opportunities for visual
communication, and snow conditions. Hebert and Turnbull (1977), Smith
(1977) and Chadwick (1976) discussed some of these factors. Larger
groups may occur above tresline bacause goats are less restricted in
movements and may have access to more forage than do goats wintering
below treeline. In addition, visual communication among goats is
unrestricted by trees on the tundra. Lastly, much winter range below
treeline is on relatively steep slopes where goats may be dispersed to
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avoid danger of agonistic behavior causing a fatal fall.

We suspect that behavioral mechanisms are important in regulating
populations of mountain goats, as suggested by Kuck (1977), and that
group size is therefore a parameter of goat behavior deserving more study.
We hypothesize that Targer group sizes will be characteristic of recently
introduced goat herds because these herds have abundant forage resources
supporting high reproduction (Bailey and Johnson 1977) and allowing goats
to congregate without severe competition and abundant agonistic behavior,
The very large groups sometimes cbserved on our study area support this
hypothesis.

However, it is difficult to compare data on group size reported in
the literature. Comparisons should be made within seasons and within
habitat types (alpine tundra and subalpine forest). This information is
not provided with some data in the literature. Further, average group size
alone is an inadequate statistic for comparing populations., We sSuggest
the reporting of group-size statistics as presented in Table 1. In
addition, spacing of individuals within groups, the frequency of
interactions among goats, and forage density and quality should be recorded.
Results of such research could shed light on population-regqulating
mechanisms 1in mountain goats.
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QUESTIONS - RESPONSES

John Youds: What is the range of productivity?

Layne Adams: We had upwards of 70-80 kids per 100 older animals and since then
1t has dropped to around 40, gquite a bit lower than that. Over the three years
that |'ve been in field work, 1t ranged from about 32 kids per 100 older animals

to around 28 or so.
John Youds: What do you mean by older animals?

LaEne Adams: Yearlings and adults. The problem with that s that we don't feel
L we can fdentify yearlings after about the middle of August. There is some
probles with that anyway due to the fact that a lot of times they move long
distances. Late in summer, first couple weeks in August the yearlings are pretty
large in the study area.

Jim Bailey: They don't have yearling classification in the early years.

Layne Adams: That's the other thing, this 1s based on trend counts, aerial
trend counts and those are just kids and others.

Jim E114s: Do you have any ideas about potential differences either in body
condition or productivity between alpine and subalpine group?

Layne Adams: No, we sure don't. There i5 quite a bit of interchange between
the two. We only had collared animals for one winter, but these animals were
all trapped at the same spot and that was in close proximity to the subalpine
winter range, Over the summer we saw lerge movements, B to 10 miles a day back
and ]ﬂ:lr::h from alpine to subalpine. We don't really know is it's two seperate
populations.

Jim Bailey: Although they don't exchange animals in mid winter.

Layne Adams: Right.

Rolf Johnsen: ['m interested in the relationship between hunting on the growth
rate of the population; now you indicated that before hunting you had a 17%
growth rate and after you initiated hunting you had 3 decreased arowth rate,
but you also think that the animals may be nearing carry capacity?

Layne Adams: We think it's an interchange of two factors. The herd was harvested
prior to that period we had that big growth spurt and they were harvested at
aboul the same level, B-10% of the late summer population, and there was a slight
increase. They took the harvest off and got this big boom in the population and
then it Teveled off at that harvest rate of about 8% which didn't amount to the
same amount of growth that occurred over those 3 years. When we look at our age
ratio data in comparison to snow depths, we get that decrease in productive,
pretty significant decrease. 5o we feel that it's an interplay of two factors,
they are reaching carrying capacity, they're starting to impact their range. Ne
don't know what the affect of that will be; if they will shift to other areas or
what will happen.

kag?smlmn: Did you get all of your available forage transects in the summer
time
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Layne Adams: Right.
Mike Sullivan: Doesn't that skew your preference data then?

Layne Adams: Correct, I'm sure it does. That was just due to ease of doing it?

Lynn Burton: I'm just curious at what point on that sigmoid curve is the Fish
and Game going to try and maintain the population? Are they going to maintain
at the top or what do you think?

Layne Adams: | don't think right now that there is much of a management plan as
far as locally; the field personnel, what they plan to do here. Last year due
to this information, we got the impression they were being held at that level.
In 1978 they allowed 16 permits on the study area, this last year they allowed
10. 350 right now it seems indications are that they are going to harvest at a
Tower Tevel and allow them to increase somewhat, but who knows what will happen
fn the next few years.
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PRELIMINARY DAIA UN MOUNTAIN GUAT POFULATION GROWIH

J. A. Youdun, Fiah and Wildlile Bronch, Nanaimo, British Colusbia, VR 5C8
B, M, lvberct, Fish ond Wildlifo Beonch, Nanaimo, British Columbio, VIR SCH
W. K. Holl, Alberls Wildlife Divisiun, Ldwoonton, Alberta, TeH 4PZ2

R. A. Demarchi, Fish and Wildlife Branch, Cranbrook, Sritish Columbia, VIC 2H3

Abstract

Mounlagn yool survey and hervest duta From southeastern
Writish Colusbio wed weslern Alberta wos examined using & population
projection aimlation model. Preliminary results indicated an
ppprox isate intrliaic rote af inercase “n]' aof 0.10 for mountain
goils in the prosent dbudy arcs.  As o result of this low r value,
simulated mountain gost populdtions were sensibtive to changes in
population paraseter values: In regard to harvest policies; it is
predicted that rates of increase are sensitive to relatively minor
changes in sdult sortality and thab; in order to avoid overharvesting,

harvest rates must be tied to the rate of increase.

Muuntain youl populstlon dynoenics are poorly documented.
duanlitotive studies on reprodective biolegy and mortality are
completely lacking, while census studies have failed to obtain
accurate counts end clossification of amnimals. Consequently, retes
of incresse for mountain goat populations are nobt adequately
understopd, and impacts of sckivilies, such ag harvest, on population
growth are presently difficult Lo predicl. Despite this lack of
basic knowledge many moniloring prograsa continee to collect and

compile crude populotion siolistics, consisting of age ratios based
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kids per 100 females and number ol yearlings per 10U adults.

However, without specific knowlodge of mowmilubn goul pupulalion

dynamics these statistics are difficull Lo interpret (Coughley, 1974).
Thizs paper examines relolionships which exiol bulween

population growth and various moasurable popol ol jon paramobers g

8 population projection simulation model. (L 15 o prelimimory

analysis based prisacily upan harvesl snd survey data From soutboastern

British Columbia and western Alberta. Objectives include compilation

of a preliminary set of population parameler values, establishment

of a preliminary range of r values based upon estimoted parameter

values, oxomination of the polential impscts of harvest on popilabion

growth, and establisheent of preliminary qualitative and quentitolive

relationships between population parameter values and rale of increase.

Study Areas

Data used for simulation wos drawn from two sress: the Last
Kootenay srea in southeastern British Colusbia and the Willmore
Wilderness Park area in Alberbu (Figure 1). Harvest data was drown
from both areas, while survey dula was primarily from the Willmore
ared.

The East Koolomay sludy wroo encompuuscs on sres of spproximslely
10,000 aquare kilomebers silusted in the Rocky Muunbtaing ol
southeastern British Columbia. This ares supporly the largest
number of goats in southern British Columbia (Jamieson, 1974).

Ouring the 1960's, gost populations severely declined primarily due
to overharvesting which resulled from uncontrolled access (Phelps et al.,

1975). Hountain goat hunting sessons were closed in the area in 1971,
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and then opened again in 1976 wnder o limited permil syslem.
Preliminary population eskimates huve been made for smoller lond units
within the tolal ares (Warkentin and Melellon, pers. comm. ).  Prossnl
harveal rates emong these units vary From 0 Lo 2 pereent.

The Willmore study ares ls an arew of approximulely 3,000 sguare
kilometers situsted nocth of Josper Nobtlonal Purk in Lhe focky
Hounteing of western Alberte. [Ihe hunted portion of bhis ared, Trom
which most of the survey deto wus collected, huy beon divided linle
six zones. Population estimoles are wvelloble Ter vech zoie Trom
1976=197%. Hunting iz on a limiled perail gyslom, und horvest
rabtes among Lhe rones very From 3 Lo 10 percenl (dependent on hunber

BUCCESH ) .

Hethods

Oata Collection

The survey and harvest data ulilized in this paper wus collected
and compiled by employees of the Alberta Wildlife Division (Willsore
study area) and Region 4 of the Brilish Columbia Fish and Wildlife
Bronch (L. Kootenay study ares). Survey dulo wos colloebed usig
totnl (best) count aerial census ltechnlgues which elosaified sdulls,
yearlings and kids. Mo information is ovailable on Lhe proportion of
uncounted animals using this technique. Surveys were generolly
restricted to relatively small lond unit sreas (i.e. sountuain blocks)
and repeated on an annual basis in eurly summer. Harveal dato,
consiating of numbera, sex and age, were obtuined for generolly the

same land units as flown for survey.
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Population Parameters

The available survey and harvost dabts wag exomined Lo eslabil ish
preliminary populution parsseler viluss which could be used in Db
population projection moedel. ["roduclivily wig o=l bnaled §rod
Willmare dato using o seon of %2 sepursbe kid per 100 female peliod.
Age ratios (K:Y:A) were caleulated Irom survoy duls s 8 perecnlosge
of 100. Kid mortulity was estimated in Lwo ways, using yearling:
kid ratios and Y/100A: K/100A ratios. Yearling wnd sdull mortalily
eskimates were baged upon harvest dota und Lhe |ileraburs.

Population Hodel and Simulation

The moda) wsed for this analysin was o aimple populstion projeclion
model, capable of projecting o population of u given size ond uge
distribution, with given nge class mortolity ratoes, productivilty
rates, adult sex ratio, and hoevest rates, Tor nommbor of yeerd.

Figuee 2 illustrates the bosle sbructure and Munelion of Lhe sodicl.
An pasumpltlon incorporated into L sodel wes Uhal wll foemo of
mortality are sdditive. In all simulolions robte of focrcesce (r)
wod calculated from the FAFLh year of simulullon onward (Lo
epproximate stable age distribution) usimyg the formula,

r = loge Ht = loge !'-Fn
t

Results

Parampter Values

Number of kids per 10 females, ss messured Lhrough surveys,
was used as a measure of productivity. Teble 1 presents dute collecled

in the Willmore area from 1974=197%, slralified by henling sone.  The
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=y

Fowiy B Fuiee 1§ fatie | Fonsiz O | fone [ l!nm F
1974 -- 8.6 7.4 GH. 5 b5 .5
197 G4.4 7.4 a7.4 57.9 117.2 -
1976 S0.0 .l 51.9 26.13 104.8 -
1977 p T 7.1 Tl 23,3 32.3 --
197 . & 3.8 &5,7 1.9 .y 80,0
17 Hr.2 46,2 b, 3 1.3 35.6 43.9
i 61,2 56,9 67 w9 | 76.8 61,5

lable 1. Hid pur L Pemale salweg collocled in the Hillmoro

Wi 1975=1FF49 foumimg 121 sox rulio).

6.6
g = 24.3
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median = 57.1
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sinbve pomwpe Deves o mprpmeen ol B0 By wos jmeen el 117,20 kidu

per 100 females (based on the essumpbion of an even sex ralle).

A frequency histogram (Figure 3) of these kid per 100 fesale
voluss (distributed by arbitrory clasa intervais) indicates the
medion (57.1) may be more representative of an overage productivity
volue than the mean (61.6, 8.d. = 24.3); the histogria also
suggeals o possible bisodal distribution of kid per 100 female
values, Hecent produclivity cstimotes are mol evallable for the

I ot Koobenay aria, however, an csbimube of 73,5 kids per 100 Femalés
wiv eulile] fghed Tor 4 pork of this orco during o major goel decling
it Thae 19%0)°g (Meberl ond Jurnbull, 1977).

Morlulily eslimiles wore made for three age classes: kids,
yearlings, and adulbs. Kid morbalily estimates were sade Fros
yeenrlingzkid robios and Y/1004 : ES100A ratios, while vearling and
ndull mortality estimabeés were derived from 8 cange of guesses,
boased on harvest data and the literature.

lable 2 presents yearling:kid ralios and Y/100A : K/1004
ralias collected in Lhe Willmore arced Feom 19751979, It ia assumed
Lhal Lhese ratios provide rough osbimabes of kid sucwival (p). An
eolimile of Kid martal ity was obbmined by caleulating 1-p. The
metun kid mortulity eslimale wos enleuluted as 53 perconl from
yourlingzkid rotion (n=21, s.d. = 20), 9% percent from
YS100A = K/A100A ratios collected in the some year (ne 21, g.d. = 19},
and &0 percent from ¥/10UA @ K/100A rotios collected in consecutive
yvaars (n = 18, s.d. = I2).

Yearling mortality rates could not be estimated from age ratios

because Lwo year olds were not classified in surveys. However,
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Table 2.

grem using vorlouws oge raling.

Catimates of kid survival i Ve Wil linore

al Yearling: Kid Ratios
Year ] B c o E
1975 ragd - « 50 .50 J03
1976 B2 « 29 44 -1H .29
1“1 L] 2 lqﬂ = ﬁ — a ’T
1978 53 <30 EH .28 o T8
1979 - e k| - e x| 55

b} ¥/100A: KS100A ratios [from same yoar)
Year A B % (] 4
1875 a8 - . i LA .65
1576 .BO - A Al .20 27
1977 .50 «A4 .18 - -BD
1578 42 «29 LHT .29 .48
1579 - 33 - -3 b5

c) ¥/100A: ESIDDA ratios (from consecotive yoars)
Year A B = ] E
1975 - - 27 . 3R e
1976 .91 « 30 e . .09 « 24
1577 1 ] afd «GH - ]}
1978 « o o 11 53 51 ==
1979 — « 29 - 15 A0
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n =21

= 0.47

L

]

= 0.20

K = 0,45

8= 0.19

®o= 0.40

E = .12



307 A
b
E 201 o Iﬂg Y = 147 —GUEK
= r==-079
E & o o
T 10§ & ©
2
" o

01 2 3456728 9
Age
5

50

40 ©
- log¥ =2.27-018X
)]
E o r=—095
= 30
i
T
E 20 ©
£
Z

10

o]
(0]

Age
| i 4. Marwe=el dul o Deoen PEie Wi ] Domepds e (A pnd CLhwe 1| est Huuu-nu:.-
aresn LI el Bisclosd Dreom V975=1970 omd Tirom 1976-1979,
vl ively. @) aymboly roprosent oeloal haevesl

TR TR Hai Wed lemiee it nrd awed an Looblh el 1, wWiErERs
Pl Ko bottiay onjeti aree lisgsed on hoen rings.

- #0% .



!Flrinu ter

T LT E
—— - Tr

shran Value [ulimale

A - - -y

Haraps ol Yl

iPrurhcl'.iv:i.Lf

fiid Aortalily
Yearling Mortulily
Adult MorLality
Sew Hotio

Age Rutios (K,Y,A)

(some examples)

ST kidaSadaldl Fessala
8 (%)

L2 (a%)

W7

00 (msilies/ 100 Vesnadios )

NS

B L
R 1 - [

LA L1

Al = R
A
A - L8
= L2
o= lad
6 oI .

il LUa2

L

- Uﬁ"‘ W

e e S ———

?'l

192
<l
.Tu

Y

T

fasle 3. Summary of parsmeler volue sslimabes used For simolal o,

- 493 -




Mleadwick (1977) ebaenii Vel bea yeor oldg in s sludy oo Blocior
Mol bownied Vark s smd Uross Uiy dolo beu year old Lo yoarliog robics
provide mortulily calimateas thut renge from 0 Lo 33 percent. with
n mean of 24 parcent (n = 3, s.d. = 22).

Agull morlalily reles were egbimeted Lo renge from b Lo 12
percent.  Iho oldesl ruporled oge of @ mountain goat (dead) is
13 years (Chadwick, 1977). If it is sssumed that all animals in a
cohort are oxtinet by year 14, then aversge annual sortality For all
oge clogses musb be opproximetely 7 percent; this figure becomes
luss for odull mortolily whem it is considered that juvenile mortality
is usually subslunliolly higher than 7 percent, Harvest data From
Lhar Must Egolenay area and the Willmore are, adjusted using an age
clugs Mreyuency smoolhing formula of log ¥ = a + bX (where
¥ = Freguency and X = oge cluss), indicste sverage snnusl sdult
murbulily robes of spproxisilely 1% percent and 10 peicent,
respectively [(Figure 4). These mortality estimates include bobh
harvesl snd natursl sorbtaliby.

A summary of parameler value estimstes used in simulation is
presented in Table 3.

Simulation

Simulution of population growth produced s range of r values sa
priacaled in lable 4. Using the previously established range of
prrumeliér volues, the moxisoen roottoined wes 1024 (3 = 1.1078)
willi o proguelivity rale of 0 (90 kids per 100 Temules) and kid,
yearling ond adult mortolily rotes of %3, 18, and 5 percent,

respectively. The value of r calculated using mean parameter value
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{k/100F) Mortaliry
Broductivicy Kid Yearling Raiuli 1 by
a7 .30 20 L5 iR 1.0%0%
5T L43 A4 07 U5 1.053hH
57 «H3 A4 11 «[RFR] 10005
57 «H3 .14 .12 <0111 1012
57 «53 14 =07 0404 1.0d1}
57 «53 14 =10 0343 1.034%
57 « 53 14 12 = 0031 (R
B4 « Ji pad « 7 = QFS0 1.098!
e « 3 vdd « 07 <0179 1 GE
o « dB pdd 07 AR 10503
56 60 20 07 0241 1.0244
42 B0 +20 «07 S04 § L0043
57 23 w4 05 « D0 P.O500
- w43 s 035 0750 1.0%64
80 -5 14 05 1024 1.1078
40 53 14 « 05 <2131 1.0132
20 .53 w24 .05 L0734 1.0766
30 .53 24 .05 =.0116 0. 9645
Table 4. Runge of ¢ and Nvolusy peoducced wiamg o romge of

productivity and surlolily roles g ioberproled §oes
data (refer Lo leble 3 wid Lexl).

1“5*



palimates (productivity, .57; kid mortality, 33 percent; yearling
mortality, 24 percent; odult mortalily, 5 percent) was 0.0490
{ A = 1.05%03).

Impacts of hurvest were investigabed by ispozsing three levels
of adult harvest (3, 5, and B percent) on different survival and
Mocundily schedulvs. Figure % illuatrates the impact of theae
harviesl levels on Four Fecundity and survival schedules (a, b, ¢, d),

delined &6 Fallows:-

Productivity Kate Mortality Rate
Kid Yearling Adult
a T3 36 22 .07
b 1 .36 22 .07
e ) .60 20 .07
d 56 60 .20 07

Ihe near constant difference in r values between harvest regimes
{there are minor deviobions From Lhis constancy due bo rounding errors
introduced by using & decimal yumber for age class projections, but

a whole (rounded) mumber Mor o populastion Figure in ¢ caloulakions,
and also because of calculsting the r after the Fifth year of projection
when a completely stable sge configuration has mot in all cases been
reached) illustrales that, wilhin the sodel, bharvest mocbality is
additive. Lach | percont change in horvest results in a change in

r of approximately 0.008. In this example in three out of the four
survival ond Fecundity schedules modeled an B percent harvest rate
produces o negative rate of inersuse. [his result has important

horvest monsgement (splicalions,
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0794

0526
_harvest 0466
0555

d __ .0241

0277
0218

0394
=0015

0

3%

loge N

9% 0105
0047

0154
8% -0182

=0142
=0213

~-0464
o 10 2
years

Figure 3. Populabion projections showing changes 1o © dus
to changes in adult harvest rute. fefer Lo Lext for
mortality and productivity rates used in @,b,c and d.
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Mims gmpemel wal Diewisgl warsies 40 Lhee horvesl ks digtributbed
dispruporlionul ely belween sewes. loble % provides o numerical
illustration of this result. 1t is shown that if the proportion
of males in Lhe harveal is greater than the proportion of females
then a higher sustainable harvest can be achieved. In this
example the highest net 10 year harvest, maintaining a positive
rate of increase, is realized with a 30 percent male harvest and
0 percent female harvest. However, under such a harvest regime
the number of osdult males in the population drastically declines,
with 8 resultant decline in sctual harvest (even though a constant
percent is harvested). legardless, these results indicate that a
harveat regime sglecking for males has the least impact on
population grawth.

Relationahips between parameters end rates of increase within
the present model were Investigoted by varying one parameter value
while keeping all other parameter values conastant over o rumber
of projections (»2). Using this procedure, changes in the stable
rate of increase could be directly correlsted to changes in the selected
parameter value.

Within this model the influence of an initial age ratio on r is
negligeble. Veristions in wge robios result im initial differences
in the rabe ol incresse, bub under conastant schedules of survival
and fecundity age ratios converge to a stable form and produce a
atable rate of intreass. [ahle 6 provides an sxwample of age ratio
astabilization. However, it should be stressed that oge ratio stobilization
is probably more of a model phenomenon than & real phenomsnon, B3
under natural conditions survival and fecundity are rarely constant

over wn extended time period.
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Age Hatios PFrodue=

Initinl Age Ratios After 12 Yrs. tivity  Mortalicy r
K Y A K Y A E X A

.19 12 .69 12 41 56 .36 .22 .07 .055
20 .14 .65 17 1 1 .56 +36 .22 .07 .055
212 069 719 .17 .11 .12 56 -3 .22 .07 .055
167 062 .792 .17 .11 .72 « 36 <36 .22 .07 .055

16

.10 w73 A7 1 W72 « 36 36 .22 .07 035

lable 6. Cxample of the principle of stable age distribution
occurring when productivity and mortality schedules
are constant through time,



The influence of adult sex ratio (males per 100 females) on
r ie minimal. Varistions in sex rstio result in only minor changes
in r. The direction of change in r is negalive as males par 100
fomales is incressed, and positive @s males per 100 fesales 1o
decreased. FPopulation projection series € in Figure 6 1llustrates
this graphically. The slope of sach of these population Lrends
plotted on a Ing' scale 1s eyuul bo r. The relalionship belween
adult sex ratio and ¢ 18 illuabrated in & mare quontitive mannor
in Figure 7. Lines A and 8 represent sex ratio values regrossed
against r values (correlations = -1) for two different sets of

survival and Mecundity, as indicated below:

Productivity Rate Mortality Rate
Kid Yearling Adult
A 57 «53 14 05
B « 36 36 22 07

The slope of both A and B equala -0.0001%, and conuequently a

ghift in sex ratio In elther direction resully in wenly o minor

change in r. Different schedules of survival ond fecundity produce
a shift along the y-axis only {indicating basic differences in rates
of incresse between schedules). Therefore, within the present model
the regression, r = =0.000%5% = b (where X = sex ralio and

b = ¥ = inkercept), spproximates the relalionship betwsen r and sex
ratio for all schedules of survival snd fecundity. The dobted line
included in Figure 7 is intended Lo indicale thal this relstionship
probably only holds Ffor sex ralios above & critical level where Lhere

are snough males to Ferbilize all potentially productive Temales.
The eritical levelis) ul which Lhia reluticeship bresko down, and bhi

manner An whileh r Falle Lo O, ore ool Ko,



productivity

84

o 1 20
years

Fligure 6. Fopulation projections showing the changes in r due
Lo changes in productivity (A4,B) and sex ratio (C).
Mote changing sex ratio has minor effeck on r in
comparison to changing productivity. Refer to text.
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Figure 7.

00 200
males/100 females

Relationships between sedult sex ralio and ¢ For
koo different survival and Fecumdily mehedules
irefer ta text).
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Ihe influence of productivity on rale of Increase is far greater
than the influence of sex rablo. Minor changes In productivity
rates have sajor impacts on r. Populetion projection series A and B
in Figure & 1llustrate this result. The sets of sortality values
used for A and B are Indicated below:
Mortality Hale

Kid Yearling Adult

A g1 22 07

B .60 .20 .07
Population projections of series A have higher values than projections
in series B, due bto lower kid mortality rates. However, the magnitude
of changes in r resulting From changes in productivity are similar.
Regressions of productivity rate against r (correlations equal 1)
have similar slopes. figure 8 indicates three such lines (a, b, e)
which differ in mortality rates as indicated below:-

Mortulity Raete

kid  Yearling Adull

a vl 5 05
b « 36 «22 7
c « 60 .20 07

The mortality rates influence the positicning of these lines wertically
gn the y=axis {(r), but have only a mimor anflevence on the alope of the
lines, Thus, & general relationship between r and productivity

rate in the present model cen be described such that r = 0.14X « b
{where X = productivity rate, b = y - intercept). In Figure B a

seriea of lines with identical slopes (parallel to a, b and c) could



051

20 100
productivity rate

Figure 8. Relationships between productivity rate and r for
three different mortulity regimes (refer to text).
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concelvably be drown verl leally olong the r axis, ad infindtum,
Lo represent the relstionship between productivity rate and r for all
possible msortality regimes.

The influence of mortality on r was investigated using three
mortality clasups; kids, yeurlings and odults. WVarietion of adult
mortal ity had the grestest ispact on r. Thiz result iz indicated in
Figure 9, where population projection series A, B, and C, represent
adult, kid, end yearling mortality varistions, respectively. If is
ghown thet a 2 percent change in adult mortality results im 8 net
change of 0.017 in r; a 10 percent change in kid mortality results
in 8 net change of 0.014 in ri and a 10 percent change in yearling
mortalibty results in a met change of only 0,010 in r. Changes in
adult mortality have the greasbest impact on r largely because the
adult age class in the pressnt nndEi constitutes more than one &Ege
class, and thersfore changes impact on more then one age class.

Reqressions for r and mortality rate (correlations = =1) were
calculated for each mortality class (Figure 10). Survival and

fecundity schedules For lines a through f are indicated below:

Productivity Rate Mortality Rate

Kid  Yesrling Adult

& 37 varied « 26 05
b o327 M 5 | 20 07
c o2l «33 varied 05
d 57 + 53 varied .07
B o271 A3 - 14 varied
r .37 .33 24 varied
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Figure ¥.

U11ﬂ2ﬂ
years

Population projections showing the changes in r due

to changes In adult mortality (A), kid mortality (B), and
vearling mortality (C). Refer to Eext lor productivity
and mortality schedules.
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104 i

051

adult

Figure 10. Helotionships between oge olass mortality rates
(kid, yearling, odult) and r for tws different productivity
uwnd mortal ity schedules in osch case [refer bto bext),
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A general relationship describing the kid mortality class lines
(a,b) 18 r = -0.12X + b} the yearling mortality class lines (e,d),
r = =0.09% = b; and the sdult sortality class lines {e,F), r = =0.85%% = b.
The comparatively greater slopes of lines e and I indicate the polential
ma jor impacts of small changes in adult mortality on rate of increass.
Discusaion

Parameter Value Estimates

Productivity estimates used for simulation fall wilhin the range
of literature values. The median kid per 100 female value from the
Willmore ores compares well with inbensive dete collecled in two other

areas (Chadwick, 19773 Foster, 1978):

Area Aukhor K/ 100F
Willmore This paper 37
North Central B.C. Foster 35
Montana Chadwick a7

The appearance of two modes in the frequency histogram of Willmore
kid per 100 female values (Figure 3) suggests the possibility of
two average productivity values; ore sverage at spproximately 50-60 K/100F
and a second average at approximately 90-100 K/100F. Cursory examination
of the Willmare productivity estimates suggests that herd productivily
may fluctuate on an annual basis.

The maximum productivity value used for aisulation (90 K/1007)
in exceeded by several values reported in the literature (Stevens
and Drivar, 1978; Hibbs, 1965, Thompson and Guenzel, 1978). However,
each of these values have been from introduced herds, and it has been

suggested that such herds experience a density-dependent decline in
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reproductive success as they grow larger (Bailey and Johnson, 1977).

Aren Author K/ 100F
0l ympica, Washingbon Stevens 87
Eaglea Noat,
Coloredo Thompaan 125
Colorade Hibbs 150

It must slso be noted that in each of these cases it is not known
whether the reported K/100F value represents an sverage value.
High K/100F values have slso been observed in the Willmore area
(eg. 117, 105, 97), but these high values did not represent long term
trends, for this reason they were not used as maximum values in
gimulation.

Kid morbality estimates wsed for simulation sre generally
higher than those that have been reported in the literature, though

the minimim estimate (36 percent) compares well with literature values:

Saurce Hid Mortality Estimatea(%)
fhis paper: Hinimum est. 36
¢ Mean est. 53
: Heximum est. 67
Stevens and Driver (1979) 1
Chadwick {1977) B &1 (74-75)

b 27 (75-76)
The difference belween maximum estimotes end literature values is
possibly en artifact of kid mortelity celculation btechniques; vear-
ling:kid ratios and Y/100A : K/100A ratios may provide biased
estimotes il sampling techniques are not consistent. However, values
caloulated for the entire Willmore srea from 1973-1977 indicate that
mortality esbimates can Fluctualte substantially, end & mean estimate

for this area of approximately 50 percent may not be wrang (Hall and

Bibauwd, 1978 ).
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Yaar Kid Mortalitby E!L]ﬂﬂtl‘r{.‘i]

1973-1974 37
1974=-1975 149
1973=1976 Fl
19716-1977 42

Yearling mortality estimates have rarely been reported in the
literature. Cahdwick (1977) has reported estisates of 44 percent
and 13 percent for two consecutive years. Vaughon (197%) worked
out a hypothetical model to fit the observed growth of o specific
goat herd with an estimated yearling mortality rote of X0 percent.
Estimates used lor almuletion (14-34 percent) compare well with
thege estimates; however; it musl be sbtressed that quantitative
data on this paraseter is limited.

Adult mortality estimates, outside of guesses, are completely
lacking in the litersture. Hore intensive research on the value(z)
of this parameter is reguired. Esbtimates used for simulalion cover
8 broad range (5-12 percent), but as indiceted in simulation resulls
small changes in adult mortality can have major impucts on r. More
realistic estimates of rale of increase require more precise estimates
of adult mortality.

Generally, the parameter value estimales, or Lheir respeclive
ranges, approximately Fit available literature values. As noted for
productivity estimates, there are undoubtedly specific sets of
circumatances under which these estimates are smither btoo low or too
high. However, it is believed that such circumstences arise rarely
and are of a short duration.

Simulation

Preliminary rutes of increawse culculaled Lhrough simulubion
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{Isble &) are based on constant survival and Fecundity schedules,
ond resultn seat be interpreted in this light. Fopulation pro-
jectiona aimulate an expected rale of population growth given a
specific set of population parsmeter values; they do nol predict
how population parometer values will change over time. Hales of
increase in this instance, must be interpreted as instantaneous
measures of yrowth. #ds an exemple, given invenbory resulbs which
indicate & stable sge distribution, an even sex retio, a productivity
vilue of 56 kida per 100 females; an adult mortality rate of 7
percent, a yearling sortality rate of 22 percent, and o kid mortality
rate of 36 percent, the expected rate of population growth will be
approximately 5.3 percent annually (r = 0.0517, A = 1.0533), until
these parameter values change. The potential management value af
such a measure of population growth is thst, given sufficient dala,
the msanager is able to know the direction of population growth, and
able to sssess impocts on this growth, in the present tense and
immediate future.

The maximum ¢ value calculeted using the upper range of
productivity estimates and the lower range of mortalily estimales
{r = 0.1024) represents an approximate intrinsic rate of incresse
{rm} for mountain goats in the present study area. This value of
Ty ™Y be exceeded under environmental conditions where productivity
is greater than one kid per adult female (eq. transplanta), The
pregent estimaite of r. may over-estimate this value by econsidering
#ll females 2.5 yenrs or over as productive females. Many studies
suggest that under most eircumstsnces lemales do not breed until

1.5 years of age (Hibbs, 1968; Hjelford, 1971; Rideout, 1974;

Stavens and Driver, 1978).
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Host rates of increase reported in the literature are for
transplanted goat populations, (Hibba et al., 19869; Veughan, 197%;
Stevens and Driver, 1978; Thompson et al., 1978) with ome exception

being a rate of increase reporbted for a harvested population [Kuck

1977).
i Time

% Rate of Span

Authar Area Increass }\_ £ (years) KSI10OF Cosments
13.0 1.1300 0.1222 1

Yuugharn Dregan 11.5 1.17150 0.1ey 1 Iransplant
Hibba Colorada 15.5 11550 0. 1441 Lo 150 Transpl ant
Stewens Waghington 17.0 11100 0. 1048 &% 97 I ransplant
Thompsan &
Guenzel Calorads 0.0 1. 3000 0.2624 9 125 Iransplant
Kuek® daho =18.0 0.8597  -0.1512 5 (11-19%) Native,

harvested
* This rate of increase was presented as -0.75%61 for a Five
year period; productivity is percentage of kids in total population

Aa mentioned previously, transplanted populations have been noted

to have substantislly higher productivity rates than native pop-
ulations (Bailey and Johnson, 1977). Thia difference can explain
differences between the observed rates of increase in the firok

three examples (Vaughan, Hibbs, Stevens) and the approximate tn
calculated For the present study area. However, the obscrved rate

of increase reported by Thompson and Guenzel (1978) con mot be
explained in this menner. Simulstions using their reported pro-
ductivity estimate (125 K/100F) and low mortality estimates of 20,
10, and 2 percent for kids, yearlings end adults, respectively, could
not duplicate the reported rate of incresse (0.2624). It is possible
that recent censuses have over-estimated the number of goats in this

population.
Harveat impacts on populations vary dependent on productivity
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and mortality rotes in @ population. It has been suggested that a
5 percent harvest role is safe (sustainable) and conservative (Hall
and Bibaud, 1978). Howsver, in light of the present results such s
gtatement needs Lo be modified: 5 percent harvest of adults iz safe
(sustainable) given moderale pml:Ful:'tih'it'r rates (approximately 57
kids per 100 females) and mortality rates equal to or lesa than &0,
10 and 7 percent of kids, yearlings and adults, respectively. As
indicated from the approximation of o (0.1024), sustainable harvests
may range as high as B = 10 percent under certain circumstances.
Foster (1978) reports a herd in north central British Columbin,
which spparenktly sustains a horvest level of 10 percent. From o
management viewpoaint, harvest rates need to be refined to respond
to differences in productivity and mortelity between populationa,
and also need to be flexible enough to reapond to changes in
productivity and mortality within o populaetion. IF populatlons are
to be harvested in excess of 3=5 percent, deteiled population
dynamicg information is a neceasity.

In sssessing harvest impects it is necessary to regard the
gensitivity of rate of increase to changes in sdult mortality
{(Figure 10). As an exsmple, Kuck (1977) reports & regative rate of
increase (=0.1512) for a population which was harvested at & rate
of approximately 12 - 13 percent (of the adults). IF it is assumed
that this mortality was additive to natural mortality, then adult
mortality within this population might have totalled 20 percent. In
populations with moderate to high productivity rates, an adult mortality
rate as high as this would probably result in negative rates of

increase, as indicated in Figure 10. However, Kuck (13771) reported
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low productivity rates for this populebion, and therefore impacts
of these high adult mortality rates were even greater; the decline
Bs reported was inevitable.

Productivity and mortality rates, if dispersal is ignared,
determine the rate of population growth (Caughley, 1%77). Within
the present study productivity wes treated as a single rate for all
adult females twp years and older, while mortality rales were
asgessed in berms of three sge classes, kids, yearlings snd asdults.
Relationships bebtween each of Lhese populalion puranstors and roate
of incresse (Figure B and Figure 10) indicate that productivity and
adult mortality may be the bwo moat important parameters in terss of
population growth; small changes in the values of these parameters
result in large changes in r. However, il should be slressed that it
is gifficult bto interpret relative paramebter importance without
knowing more about tha natural variasbility of the paraseter. For
inatonce, it is possible that under many situations varisbility im
adult sortality is low, and consequently changes in productivity
rates would be the most important factor affeeting r. 1t should
also be noted that the relstive importance of wdult mortality
compared to kid and yearling mortalily results directly from the
foct that the adult sge cless (in the model) constitules a large
nimber of single year age clesses.

Quantitatively, relationships presented in Figure 8 and Figure
10 must be interpreted with caution. These figures suggest linear
relationships between each parsmeter and r given thal all other
parameters remsin constant. In the resl world, as the reported

data indicates, constancy is not the genaral rule. With this
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caubtlon in miwd, it moy prove useful to best sosw of Lhe predictions
suggested in each of these Tigures. For instence, with & constant
mortality regime of &0, 20, 7 percent (K,Y,A) does & productivily
rate below 40 kids per 100 females result in & negative rite as
predicted? Another exsmple: af a-:iu.ull moptality shifts 10 percent
{manipulated through harvest) doea the rate of increase alas drop
the sagnitude predicted (.085)7 Examination of these questions and
refinement of these predictions should be conaidersd in the design
of census studies.
Concluaions

The simulation model wsed in the present analysis does not
predict future population directions, but merely projects
eatablished population directions through time. To restate this,
the model similates population growth given & set of conatant
population parsmeter values; it doea not predict these parameler
valuoes or how they will change with density. This is impartant
to understand in interpreting the results.

Based on & range of population parameter values estisated from
field data, @ micimum positive r value of approxisastely 0.10
(& = 1.11) was generated. Under certain circumstances this value
of r may be exceeded through higher productivity rates and lower
sortality rates. Such circumstances may occur with the introduction
of goats into new areas.

Population response to harvest is dependent on productivity
and mortality rates within the harvested population. Fotential,
sustainable harvest will range from O to 10 percent of the sdults,

dependent upon these parameters. This harvest rate may be increased



if more males are hacvested than females. However, impacts of
disproportionate harvest strategies on mountain goat social and
reproductive habits are not well understood.

It is predicted that rates of increase are sensitive Lo changes
in adult mortality. This has important implications Ln regard to
harvest politcles, suggesting that harvest rates must be Lied to the
rate of increase (based on parameter values) in order to svoid
overharvesting. It may be possible to utilize this rate of incredsse
sensitivity to sdult mortality in population dynimics studies.
Experimental manipulation of harvest rates, togelher with accurate
population monitoring, could provide valuable information on
population growth.

fo sum up: the results and predictions reported in the paper
are by no means profound. They are @ basic restatement of the principle
that mortality and fecundity are Lhe Lwo main processea controlling
population growth. It is hoped Lhal the presenl examination has
pointed out & need and value, in many management situations, to know
approximate values of the mortality and fecundity paraseters for
mountain goats. It is only with such knowledge that we will be

capable of understanding, and n step closer to predicting, mountain

goat population growth.
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QUESTION - RESPONSES

Rick Guenzel: 1 can buy that papulation estimates will throw off your estimates
far "r" [rate of increase). What I'm wondering is 1ike for wild populations
when you take measured data, 1ike that where they observed 130% increases in
the Crazy Mountain populations; how high above, intuitively, do you think they
would go comparing that mean. But, with our data, an exponential rate of
increase, 1t seems 1ike there was & small change in r.

John Youds: 1 think what you have to do first is quantify mortality rates and
try an quantify your productivity rates and ook at those in terms of your
observed rates of increase. Right now that's probably impossible at this
basis of modeling that such result cam occur. Your reported productivity for
that herd, 125 kids per 100 famales; with that I could not simulate such a rate
of increase, even with mortality rates that are so low as to be virtually
impossible. They may occur in one year, but over a 10 year period as reported,
it just can't happen.
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