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pendix A:  Mountain Goat Population Modeling 

thods 

ial population sizes of 384 and 419 animals used in the Init model were determined as described 
above. Animals were assigned to age classes so that a stable population structure, a similar 

The stable 
tructure develops with a population consisting of 20 percent kids, 12 percent yearlings, 9 percent 

was used in the model. A survival rate from age 13 to age 14 of 0 percent was used to limit goat 
ges to those expected to occur in wild populations. For any given year step in the model, 

 of 5 animals each year due to old age. 

Two studies reported annual reproductive rates for identical ages of females (Bailey 1991, 
3 

fem emale. Age at first reproduction 

rep density dependent (Dane 2002, Bailey 1991, Houston and Stevens 
els 

of m
affe
fact e not used. The age of first 
reproduction in the model is 3 years and reproductive rates are constant from year-to-year.  

number of young were produced once reproductive and survival rates were developed. 
s
two-year-olds and 59 percent breeding aged animals. 

Because of non-selective hunting, sex ratio was assumed to be equal. Johnson (1983) reported 
that state-wide, the sex ratio of harvested goats was 49 percent male and 51 percent female, so 
there is no reason to assume a skewed sex ratio for the population. 

Survival rates for age groups of goats were determined by averaging rates reported in the 
literature. For kids, five survival rates were reported by Kholman and Bailey (1991) 60 percent, 
Dane (2002) 68 percent, Nichols (1980) 58 percent, Festa-Bianchet et al. (1994) 63 percent, and 
Cote and Festa-Bianchet (2001) 60.3 percent. The average survival rate of 61.9 percent from 
these studies was used for kids in the model. 

Three yearling survival rates were found in the literature, 71 percent by Dane (2002), 73.4 percent 
by Nichols (1980), and 71 percent by Smith (1986a). The average survival rage of 71.8 percent 
from these studies was used for yearlings in the model. 

Two adult survival rates of 90 and 99 percent were reported by Kholman and Bailey (1991) and 
Smith (1986), respectively. The model uses the average of these two rates (94.5 percent) for adult 
mortality for ages 2-8. For ages 9+, the sole reported survival rate of 68 percent (Smith 1986a) 

a
truncating the population after age 13 removed a maximum

Houston and Stevens 1988). The means of these two reported rates were 0.645 kids per age 
ale, 0.735 kids per age 4-9 female, and 0.575 kids/age 10+ f

can vary from two to five years old (Festa-Bianchet 1994, Houston and Stevens 1988) and 
roductive rates may be 

1988, Adams and Bailey 1982). The mechanism for variable reproductive rate at differing lev
ountain goat density is likely nutrition (Cote and Festa-Bianchet 2001) which can also be 

cted by weather conditions (Bailey 1991). To keep the model simple, density dependent 
ors on reproductive rate and age at first reproduction wer
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The known number of animals harvested each year was determined from Big Game Statistics 
reports by the WDFW. Harvest locations in these statistics were location specific, allowing for the 

of whether harvest occurred within, or outside, of the population of goats on Mt. 
Baker. The only exception was goat harvest locations identified as Swift Creek which forms the 

 harvested from an unspecified location in 
the Baker River watershed in 1954, but because the Mt. Baker area was closed to hunting at this 

 in hunt units 23 and 24. Unit 
24 is completely within the range of the Mt. Baker population, but unit 23 includes areas east of 

l. In 

1982 and 1983. For these years, 
the model includes all harvest for Units 24 and 31, but does not include any harvest for Unit 23. 

s. 

determination 

eastern boundary of the Mt. Baker survey route.  

To address this situation, every other reported harvest location of Swift Creek was included in 
annual harvest totals. Harvest records show no harvest of mountain goat from the Mt. Baker 
population from 1948 – 1963. One mountain goat was

time, the harvest most likely did not occur in the Mt. Baker area.  

In 1964, permitted harvest was reported in the Mt. Baker population

Swift Creek. Harvest locations for areas east of Swift Creek were not included in the mode
1974, Unit 31 was established. This unit was formerly a part of Unit 24 and all harvest from this 
unit was included. 

Site specific harvest information is not available for Unit 23 for 

Nine and 15 goats were reported harvested from these units in 1982 and 1983, respectively. Some 
of this harvest likely occurred in the Mt. Baker population based on harvest locations in prior 
years, so the model underestimates harvest in these year

The number of individuals removed from each age class as a result of hunting (Table 27) was 
determined based on the average age of goats harvested from 1959-1962 reported by Johnson 
(1983, p. 23). 

Table 27 Percent of Mountain Goat Harvest by Age Class. 
Age Kid Yearling 2 3 4 5 6 7 8 9 10 11 12 13 

Percentage 
of harvest 

2 11 11 15 17 15 10 5 3 4 2 2 1 2 

*Washington State from 1959-1963 using horn characteristics of harvested animals. 

Results and Discussion (Mt. Baker) 
Using averages of published reports of age-specific survival, age-specific reproduction, and ag
of first reproduction, the model predicts an average rate of population increase of 0.5 percent per 
year (range 0.2–1.0 percent). This would reflect a population near its carrying capacity which 
should have been the condition around Mt. Baker in 1964, in which sport hunting had not 
occurred since 1925. Because the demographic rates used did not result in a population th
greatly increased or decreased, they seem to reasonably approximate a realistic population. 

e 

at 
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Incorporating known hunting mortality changed the modeled population trajectory from a sligh
increasing population to a population in decline. An initial 1964 population of 384 animals 
declines to 29 animals in 1995 (Figure 25). With an initial population of 419 animals, the 
population declines to 64 animals in the same time frame. The modeled populations in 1995 
decline 92 percent and 85 percent for initial popul

tly 

ations of 384 and 419, respectively. The 

urate, a substantial portion of 

d 

rvest in some areas. 

on. In the Mt. 
Baker area, this level of harvest occurred in only 6 of the 30 years where complete data were 

modeled annual average rate of decline is 7.6 percent and 5.7 percent for initial populations of 
384 and 419 animals, respectively.  

The 1995 inventory estimated a population of 59 goats on Mt. Baker. This estimate is very close 
to the 64 animals modeled to occur in 1995 from an initial population of 419 animals. Provided 
that the information used to model the population is reasonably acc
the population decline of mountain goats on Mt. Baker can be explained by sport hunting. 
Although other factors undoubtedly affected mountain goat population dynamics from 1960–
1995, it would appear that their impact was small relative to the effect of sport hunting. New roa
construction during this period greatly facilitated access to mountain goat habitat and likely 
increased hunter ha

Using model estimates of population size and harvest data from the State of Washington, harvest 
mortality was likely higher than 6 percent of the population in most years that hunting occurred 
and greater than 10 percent in 10 of the last 19 years that sport harvest occurred. In a summary of 
mountain goat harvest strategies, Bailey (1986) cites other studies that suggest that harvest no 
more than 4-5 percent of the population is necessary to maintain a stable populati

available.  
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Figure 25 Modeled Mt. Baker Mountain Goat Population Size With Initial Population Sizes 

400

450

of 384 and 419 Animals. 

t 
dynamics of the Mt. Baker population from 1964 to 1995. Reproduction and survival 

rates employed in the model were constant, but yearly variation would be expected in an actual 
population. Reproduction and survival rates would be expected to generally increase at lower 
population levels when more resources were available to individual animals, provided that 
harvest was distributed throughout the geographic range of the population. However, 
concentrated harvest may not have resulted in lower goat density on all areas of the modeled 
population. Most likely the modeled population consists of more than one subpopulation with 
little movement of animals between some areas. If a density-dependent response was operating 
that resulted in lower survival rates and higher reproductive rates, the actual population would be 
larger than what was modeled for the hunted population. 

However, because the model only incorporates reported harvest mortality, the model 
underestimates all harvest related mortality. Some hunters that did not return the hunter 
questionnaire may have been successful in their hunt and no harvest in unit 23 is modeled for 
1982 and 1983, although some likely occurred. Other mortality from tribal and illegal harvest 
likely occurred from 1964 to 1995 and is not reflected. In addition, sport harvest related mortality 
from crippling, animals not found, and kid mortality due to the loss of their nanny may have 

The model is simplistic and does not include many factors that likely influenced mountain goa
population 
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occurred but are not included in the model. All of these factors would result in a population 
smaller than model results indicate. 

y

m
m

The intent of the model, given its simplistic approach to a complex system, is to provide a coarse 
assessment of the role of hunting in the dramatic population declines experienced by the Mt. 
Baker mountain goat population from the early 1960s to 1995. Based on this model, it appears 
that unsustainable levels of harvest explain most of the decline.  

If sport harvest was the limiting factor in the mountain goat population size, one would expect to 
see an increase in animals following the end of sport hunting, which last occurred in 1995. 
Surveys five to nine years later in 2000, 2001, and 2004 indicate that the population has increased 
substantially. The 2001 survey counted 121 animals, which is a four-fold increase in the 
population in five years. In 2004, 229 mountain goats were observed. This is almost double the 
numbers observed three years earlier and nearly six times the number of goats observed nine 

ears earlier in 1995. This rate of increase is much higher than predicted by the model (78 goats 
in 2001) and would suggest that density dependent responses to survival, reproductive rate, 
and/or age at first reproduction occurred at low population densities. Higher rates of increase 
have been observed in mountain goat populations. An introduction of 21 goats over three years 
into the Crazy Mountains of Montana grew to a population of at least 278, a 13-fold increase, in 
12 years (Lentfer 1955). Model results and the apparent increase in the Mt. Baker population of 

ountain goats detected during surveys suggest that hunting had a large influence on the 
ountain goat population on Mt. Baker.  

Results and Discussion (Goat Mountain) 

The second largest historic goat population on Mt. Baker Ranger District was located in the Nort
Fork Nooksack River from Ruth Mountain, north to Skagway Pass. This population was 
estimated to be 250 animals in 1961 (Wadkins 1962). As with the model result for Mt. Bake
the absence of hunting, the model predicts that the population would grow on average 
per year. However, when known hunting mortality is incorporated into the model, the populat
declines (Figure 26). The model maintains a stable population when harvest is two to three 
percent of the total population size and increase when harvest is lower than two percent. 

h 

r, in 
one percent 

ion 
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Figure 26 Modeled Mountain Goat Population Size in the Goat Mountain Area. 
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The modeled decline in the population due to hunting is less on Goat Mountain (60 percent) than 
ng population size was not 

estimated with any degree of certainty. If the 1961 overestimated the Goat Mountain population, 

e recent 

ain 
tensive 

helicopter survey in 2005 counted 49 mountain goats. Based on this information, it appears that 
this population is also increasing. Perhaps because this population declined to such a small 
number, it has taken more years for the population to recover to a noticeable extent. With no 
increase in habitat quality or no decrease in recreational hiking, these factors were not likely large 
contributors to the significant population decline. 

 
 

the modeled Mt. Baker population (> 80 percent), but the starti

the decline due to hunting would have been much greater than the model predicts and would more 
resemble the very low numbers (fewer than 15) that have occurred lately in this area in th
past. Conversely, other factors in addition to hunting may have been affecting the mountain goat 
population in this area.  

Anecdotal sightings and helicopter surveys prior to 2004 never located more than six mount
goats in this area.  In 2004, a hiker reported a group of 14 near the Lone Jack Mine. An in

Results and Discussion (Goat Mountain) 
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Appendix B: Influence Of Immature Forest Cover In The 

ler 

ur in an elevation zone where temperature hovers around 32 degrees F 

a 
in-on-

 moderate the affects of wind.  The canopy of 
mature forest provides a great deal of surface area for interception, and stronger branches which 
ten support large amounts of snow. Because a mature forest differs in stand structure from a 

young forest plantation, air flow through the two can also differ. Young plantations offer little 

Rain-On-Snow Zone On The Probability Of Landslides 
From Unstable Soils (With Thinning Recommendations) 

by Roger Nichols 

 

In the upper South Fork Nooksack watershed, the valley floor is located on glacial lake deposits 
(fine silts and sand) overlain by glacial outwash (sand and gravels). These deposits are located 
between Forest Service Road 12, the South Fork Nooksack mainstem to the West, Wanlick Creek 
to the South,  and below 2500’ elevation.  These deposits are subject to failure (e.g. landslides) 
when they exist on slopes greater then 30%.   

The outwash material which comprises the surface material, consists of sand and gravel, a non 
cohesive soil type which fails when saturated on slopes greater than 30%, (Hale 1992). Failure 
locations are typically on the margins of terraces and in and along stream channels.  Failure from 
this soil unit delivers coarse sediment to streams.   

The underlying glacial lake sediments consist of alternating silts and fine sands.  It is cohesive 
and fails in large mass failures contributing fine sediments to the streams. This soil unit fails more 
often when soil moisture content, and therefore pore pressure, is elevated or stream bank erosion 
occurs to remove the toe of the slope. Near the toe, bank erosion lowers the estimated stability by 
nearly 75%, and upslope, high pore pressures can lower soil stability by 30% or more (Mil
1997).  

The probability of a landslide is related to soil depth and depth of soil saturated. Small increases 
in water delivery during wet periods are enough to increase the amount of saturation sufficient to 
destabilize sensitive soils (Berris and Harr 1987). 

Rain-on-snow events occ
where snow accumulations can experience rapid snow melt when cold fronts are followed by 
tropical warm fronts. The term "rain-on-snow event" is actually a misnomer, because it is the 
wind and not rain that actually melts the snow.  In this area, these winds are usually a product of 
rapid change in weather fronts.  The largest floods in the Pacific Northwest are caused by ra
snow events, and landslides are more likely to occur during these events.   

A forest that consists of mature timber with a layered canopy can modify the effect of rain-on-
snow events due to its ability to intercept snow and
a 
of

Appendix B: Influence Of Immature Forest Cover In The Rain-On-Snow Zone On The Probability 
Of Landslides From Unstable Soils 
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surface area to intercept snow and little strength to support the intercepted snow. This difference 
can last up to 80 years (Coffin 1992).  

Periodically snow is shed from the weaker crowns of young forest stands, and it accumulates 
under the stands. When this accumulated snow melts, it adds to the soil moisture content thus 

bility through increased pore pressure.  

he amount of forest cover at a site can affect a number of snowmelt processes and the relative 

(Wilm and Dunford 1984, Rowe and Hendrix 

r 
hat limbs of younger trees are often incapable of supporting a snow load. Timber 

tion of the air temperature during snowfall and 

d 
ity 

r as drip, evaporated, 

) 
e 

ground.  

adding to soil insta

T
importance of the various heat sources. Initially, the forest canopy plays an important role in 
altering both the amount and distribution of snow over the landscape. Then, because the 
microclimate within a forest differs depending on canopy closure and other factors, rates of 
snowmelt can vary substantially.  

 

The rest of this discussion is taken from Coffin (1991): 

The large surface area of a coniferous forest canopy is capable of intercepting and storing large 
quantities of snow.  Interception reported from a number of studies has generally fallen between 
10 and 35% of total snowfall measured in the open 
1951, Kittredge 1953, Satterlund and Haupt 1970). 

However, Ingebo (1955) measured interception ranging from 5% to 45% over a number of 
different plots with different canopy densities. Connaughton (1935) found that a virgin stand of 
timber intercepted an average of 24% of the snow fall, but a young reproduction stand intercepted 
an average of only 5%. These results support observations by Haupt (1972) and Berris and Har
(1987) t
branches were observed to flex downward in response to snow loading, and snow masses would 
fall to the ground.  

The amount of snow retained in a canopy is a func
the amount of interception storage capacity of the canopy. At lower temperatures, less snow has 
been found to remain in the forest canopy because it does not adhere to the branches as well an
is more easily blown off (Miller 1964, Satterlund and Haupt 1967). Interception storage capac
for a canopy is a function of canopy density, stiffness of branches, branch angle, type of needle or 
leaf, and the age, height and type of vegetation, (USACE 1956).  

Snow that is held in the canopy can be melted and released to the forest floo
or unloaded in clumps before completely melting (Miller 1966, Berris 1984). When snow is 
retained in the canopy, it may be subject to increased melt rates as compared to snow 
accumulated on the ground, because of the larger surface area per unit volume exposed, and the 
higher temperature often found in the canopy (Miller, 1966). Berris (1984) and Beaudary (1984
both measured snowmelt from forest canopies occurring sooner than snow accumulations on th

Appendix B: Influence Of Immature Forest Cover In The Rain-On-Snow Zone On The Probability 
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While limiting the timing and amount of snow reaching the forest floor, the canopy also affects 
the quality of the snow pack and the rate of melt in the forest. As snowmelt occurs in the forest 

snowpack.  

he 
 can 

the 
ite in this manner prior to rain-on-snow event, then the forest 

has less snow to melt and less water available for increasing soil moisture content, and therefore 
ore pressure and subsequently the probability of a landslide are lower during a rain-on-snow 

 
s 

hroughout this process, the increased density 
of vegetation and branch strength alters interception and accumulation rates within the stand as 

ccupied 
 

ters greater than 11”. These young forest stands exist on flatter ground, on 

 

apacity could be increased.  

n 
oint of 

canopy, it contributes drip water to the snow pack below. The drip water increases the water 
content of the snow pack, but can also contribute to raising the snow temperature through the 
release of latent heat of fusion when the rain freezes in the 

As the snow water content rises underneath the dripping canopy, subsequent canopy drip may 
exceed the liquid water holding capacity of the snow pack, and water may flow directly into t
soil (Smith, 1974) or across the surface if the ground is frozen. In this way, a forested site
begin routing water offsite before a site in the open does (Berris and Harr, 1987). If some of 
forest’s water has been routed offs

p
event. 

Two primary factors affecting water outflow during rain-on-snow events are the amount of prior
snow accumulation (esp. its water content) and the subsequent rate of melt.  As a plantation grow
from individual seedlings to mature trees, the individual tree canopies enlarge and coalesce, 
forming a more complete and dense canopy layer. T

well as the penetration of wind into the stand.  

 

In the upper South Fork Nooksack watershed, most of the timber stands located on the deposits 
mentioned above were harvested in the late 1960s and early 1970s. These areas are now o
by plantations consisting of pre-commercially thinned stands of Douglas fir, western hemlock and
silver fir with diame
south, southeast and east aspects with slopes of 5-15%. Canopy density is 75-100% with very 
little under story vegetation. The canopy cover is complete and the stands have high stem 
densities. Because the trees are young and spindly, they cannot support much snow in the canopy.

Thinning is currently being used to try to increase limb diameter, and thus stiffness, on 
Weyerhauser lands to improve habitat for spotted owls and marbled murrelets.  If this is 
accomplished, and a layered canopy created, interception storage c
Hypothetically, this could accelerate stand development enough to effectively change the amount 
of snow at a given site.  If rain-on-snow events occur long enough after the snow accumulatio
has occurred, the magnitude of increase in soil pore pressure could be reduced to the p
decreasing the probability of landslides occurring on the unstable soils to a measurable degree. 

Appendix B: Influence Of Immature Forest Cover In The Rain-On-Snow Zone On The Probability 
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Prescription 

Commercially thin the stand s to 20’ X 20’ or 25’ by 25’ spacing which is between 70-110 larg
diameter trees per acre. Most of the area in question is suitable to mode

e 
rn feller bunch machine 

harvest. No additional roads are foreseen to be needed. Selection for dominant larger diameter 

nt 

trees and resistant species (fir) is desirable. If the stand consist of hemlock then intermediate 
thinning may be necessary to allow for increase in root mass to prevent substantial wind throw. 
The objective is to obtain optimal thermal cover defined as a layered canopy where the domina
trees average at least 21" diameter and the stand has at least 70% crown closure (Brown 1985).  
Crown closure to 70% is expected to occur in 5 years (Nichols 1990, Cambers 1980). 
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