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Abstract

There has been a recent interest in the study and preservation of biodiversity, both 

in the United States and in tropical regions of the world. This study attempts to identify 

and classify similar habitats in Glacier National Park and the adjoining National Forests 

and correlate the habitat data to the presence of “biodiversity indicators,” in the case, 

warblers. Geographically, Glacier National Park and the National Forests share 

similarities in elevation, exposure, latitude, and weather patterns. However, they differ 

markedly in management strategies.

In general, the number of individual warblers per species in Glacier vs. National 

Forests indicated a clear trend for more warblers of each species to be found in Glacier.

There were a mean of 27.667 warblers in Glacier per sample time while there was a mean 

of 15.033 warblers in the National Forests, a statistically significant finding with a p

value < 0.05.

In terms of habitat assessment, there is relative continuity between Glacier and the

National Forests with no statistically significant deviations. Many variables, including

landscape ecology patchiness and sampling techniques, may have contributed to the data.

Further study is indicated.
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Introduction

There has been a recent interest in the study and preservation of biodiversity, both
*

in the United States and in tropical regions of the world (Debinski 1994). Biodiversity 

includes the abundance, variety, and genetic constitution of native animals and plants 

(Dodson et. al. 1998). There are three circumstances that have hastened the interest in 

this global resource: 1) Exploding human populations are degrading the environment; 2) 

Science can use biodiversity to relieve both human suffering and environmental 

destruction; and 3) Much of the diversity is being lost by human-influenced elimination 

of habitat (Wilson 1988, DeGraaf et al. 1995). Though the tropical rain forests have 

gained the most attention, biodiversity must be treated more seriously as a global 

resource in all ecosystems. With the exception of the vertebrates and the flowering 

plants, the inventory of biodiversity for most forms of life is woefully inadequate (Wilson

1988).

For decades, vertebrate biologists have used knowledge of an animal’s habitat to 

predict its presence or absence (Baker 1956, Armstrong 1972, Debinski 1994). The 

significance of this practice is that from a habitat assessment, the probability of an 

animal’s presence may be predicted. Most scientists agree that the primary cause of the 

decay of organic diversity is not direct human exploitation, but rather the habitat 

destruction that accompanies human activities (Ehrlich 1988).

Biodiversity studies have many implications for habitat management practices:

9 for example, is it better to manage habitat with ecosystem-based approaches or species-

based approaches in order to maintain biodiversity? An ecosystem-based approach 

manages an area for the greater good of the biological community plus all of the abiotic
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factors that influence the community, while a species-based approach focuses on the 

recovery or preservation of certain species (Molles 1999). The National Forest 

Management Act of 1976 required that protection of biodiversity be included in National 

Forest management plans (Meffe 1997), but the Act did not define the best way to protect 

biodiversity. The optimal management plan to maintain biodiversity is somewhat 

unclear. A problem with a species-based approach to management is that the 

conservation focus is usually on vertebrates, especially birds and large mammals, while 

neglecting less visible forms of life (Meffe 1997). A concern with an ecosystem-based 

approach is that it is often difficult to define what variables affect a given ecosystem.

Biodiversity would be nearly impossible to determine by assessing the presence 

or absence of all known species of the five kingdoms. In fact, though scientists have 

described over 1.4 million species of life on earth to date, many scientists suspect the 

total number of species to number greater than 30 million (Wilson 1988). Thus, scientists 

have accepted the practice of using “biodiversity indicators,” or sensitive organisms that 

may indicate the relative health of comparable ecosystems. In this study, migratory

warblers were selected as indicators of biodiversity. Many warblers are associated with 

specific habitat types (DeGraaf et al. 1995, Rappole 1995). Because they are migratory, 

they indicate the health of both temperate and tropical regions. For example, the loss of 

significant breeding areas in the eastern United States since the late 1940s has resulted in 

the decline of many migratory birds, while loss of wintering habitat in the tropics has 

affected other birds (DeGraaf et al. 1995). Migration is a high-risk event that can be 

energetically expensive. Migratory species spend two thirds of their lifetime away from
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North American breeding grounds, indicating that conservation efforts cannot be targeted 

at the breeding grounds alone (Yong et al. 1998).

This study attempts to identify and classify similar habitats in Glacier National 

Park and the adjoining National Forest and correlate the habitat data to the presence of 

“biodiversity indicators,” in this case, warblers. Many warblers migrate from wintering 

grounds in South and Central America to the northern regions of our continent to hatch 

their young. The conservation of these migrants depends on the availability of suitable 

breeding habitat, the focus of this study, as well as wintering habitat and migration 

stopover areas (DeGraaf et al. 1995). Because they are capable of traveling so far, 

warblers compete for the best habitat in which to raise their young; this competition is 

both intra- and inter-specific (DeGraaf et al. 1995, Mead 1983). Geographically, Glacier 

National Park and the adjoining Lewis and Clark National Forest and Flathead National 

Forest share similarities in elevation, exposure, latitude, and weather patterns. However, 

they differ markedly in management strategies. Glacier National Park is managed by the 

National Park Service, which has largely adopted a “natural management” strategy, 

avoiding human intervention when possible and placing significant restrictions on use of 

the park. Practices such as logging, mining, hunting, and cattle grazing are not 

permissible within the borders of Glacier National Park. Conversely, the National Forest 

is the “Land of Many Uses,” and the US Forest Service, a branch of the US Department 

of Agriculture, deems what is in the best interest of the agency and nation in terms of 

National Forest use. Many more types of use, from motorized vehicles for recreation to 

harvesting of resources, though regulated, are permissible. By studying similar habitats
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in the two differently managed areas,, it may be assessed whether one management 

strategy is more viable for the warblers specifically and for biodiversity as a whole.
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Methods

Habitat Sampling

• A total of three sites were selected for study in Glacier National Park. These sites

were identified from observation of USGS 7.5-minute maps and selected by elevation, 

exposure, and water source. UTM coordinates were recorded on a portable GPS unit to 

confirm location. Three additional replicate sites were selected immediately south of 

GNP in the Lewis and Clark National Forest and the Flathead National Forest. They 

were also selected by observation of USGS 7.5-minute maps and for their relative 

similarity to GNP sites in terms of elevation, exposure, and water source. At each site, a 

quadrant of 100m2 was established. Two different methods of habitat vegetation 

assessment were done: line transsect sampling and point quadrant sampling.

The line-intercept technique of transsect sampling (Brower 1998) was used to 

determine relative coverage of grass, forb, dead wood, deciduous shrubs, and coniferous 

shrubs. Intercept length was used to estimate coverage. Intercept length was defined as 

that portion of the transsect length intercepted by the plant, measured at or near the base 

of the plant or clump of plants or by a perpendicular projection of its foliage intercepted 

by the line. From this data, relative estimates of density were calculated. Shrubs were 

defined as having a diameter of not more than 10 centimeters at breast height (dbh). To 

avoid sampling bias, the position of each transsect was randomly determined. A total of 

ten replicate transsects was used at each 100 m2 plot.

The point-quarter sampling method was employed to determine the relative 

abundance and coverage of deciduous and coniferous trees (Brower 1998). The method 

used the same ten randomly selected points as in the line-intercept 100m quadrants.
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Each point represented the center of four compass directions, which divided the random 

point into four quarters, or quadrants. The distance from the center point to the closest 

tree in each quadrant was measured, regardless of species. The center of the trunk was 

used to measure the point-to-plant distance. Only one tree was recorded per quadrant so 

that a total of four trees was recorded for each point sampled. Then, for each tree 

recorded, an estimate of coverage was recorded by approximating the length and the

width of the tree.

Warlber Sampling
To assist with warbler sampling, I referenced a list published by GNP Naturalists 

of common birds, mammals, and plants a visitor is likely to see with careful observation. 

This list is divided into regions and was used as a tool in selecting warblers for study. A 

total of 12 warblers was selected for study. These birds include the yellow warbler, 

yellow-rumped warbler, Townsend’s warbler, northern waterthrush, MacGillivray’s 

warbler, common yellowthroat, Wilson’s warbler, American redstart, black-and-white 

warbler, Tennessee warbler, Orange-crowned warbler, and the Nashville warbler.

At a given study area, the date, observers, time, location, UTM coordinates, 

temperature, general weather conditions, wind speed, and elevation were recorded (Table 

3). The number of each species under study was also noted. Each site was sampled a 

total of three times during the course of the summer. The first samples occurred during

the third and fourth weeks of June. The second samples occurred the first and second 

weeks of July. The final samples took place the third and fourth weeks of July.

Although many of the sample sites were up to 50 road miles away from one another,
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every effort was made to sample the last site as quickly as possible following the 

sampling of the first site so that temporal effects were minimized.

When sampling a site, the time selected to sample was as close as possible to 

sunrise or sunset, the time of day the warblers seemed to be the most active. Sampling 

was begun in one comer of a quadrant. I paused for approximately 15 minutes before 

continuing on in a diagonal line, crossing the middle of the quadrant, pausing every 20

meters for 10-15 minutes at a time in a manner similar to Gashwiler’s line-transsect

method (1977). Four samples were taken on each diagonal for a total sampling time of 

one hour. The birds were sampled by song with visual confirmation when possible. 

Although some birds were not visible, it did not seem difficult to identify the number of 

birds calling. I used the protocol of Smith et al. (1998) of recording additional birds of the 

same species only after the observer traveled a minimum of 30 m or at least 10 minutes 

had elapsed since the previous observation. This technique, used in both Glacier 

National Park and the National Forests, seemed to be the most accurate way of recording

warbler abundance.

Data analysis

I used individual t-tests to assess habitat similarity between Glacier National Park

and the National Forests sites. Comparisons were made with respect to mean coverage of

grass, dead wood, forb, coniferous shrubs, deciduous shrubs, coniferous trees, and

deciduous trees. A t-test was also used to determine whether the number of warblers

found in Glacier vs. National Forest was significant. Finally, an analysis of variance

(ANOVA) test was used to assess whether the number of individuals of each species

7



differed between Glacier National Park and the National Forest sites. Such an interaction 

would suggest that different species may predominate at the different locations.
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Results

In terms of habitat assessment, there is relative continuity between the habitat in

Glacier and in the National Forest at the quadrant scale (Fig. 1,2). Each value (i.e., 

grass, forb, dead wood, etc.) is strikingly similar whether the value is from Glacier or the 

National Forests. Statistically, no values fell within the 0.05 level of confidence (Table 

1). Thus the null hypothesis was accepted that there is no significant difference in habitat 

between Glacier and the National Forests (Table 1).

In general, the mean number of individuals per species in Glacier vs. National 

Forest indicated a clear trend for more warblers of each species to be found in Glacier 

than in the National Forest (Fig. 3). One warbler, the common yellowthroat, was never 

recorded over the course of the research. With the exception of the Nashville warbler,

Glacier National Park had either the same or more warblers as the National Forest. The

mean number of warblers for Glacier vs. National Forest indicates that there was a mean

of 28 warblers in Glacier National Park per sample time, while there was a mean of 15

warblers in the National Forest per sample time (Fig. 4). Thus there is a statistically 

significant difference between the sites in Glacier and the National Forest in terms of the 

number of warblers (Table 1). The null hypothesis of no difference in warblers between 

Glacier and the National Forests is rejected. Further, the null hypothesis that the number 

of individuals of each species differed between Glacier National Park and the National

Forest sites is marginally rejected (Table 2).

•
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Discussion

The results of this study indicate that Glacier National Park supports a greater 

abundance and diversity of warblers than does the adjoining National Forest. There are 

many reasons why the data suggest that similar habitats do not support a similar 

biodiversity of warblers. The first explanation has to do with variables in the 

experimental procedure. A follow-up research event may include more replicate sites 

scattered over varying geographic regions to increase the sampling size. Three replicate 

sites were at the low end of acceptable replicate sites for study. Additionally, sampling in 

May and early June may indicate a greater abundance of warblers in the sample sites.

The second explanation is that while the 100m habitat quadrants were similar m 

habitat, the overall landscape ecology between Glacier and the adjoining National Forests 

is more dissimilar. Thus, the habitat data at the 100m scale may not reflect the broad

habitat difference between the two different regions. Landscape ecology examines the 

interaction between spatial patterns and ecological processes (Dodson 1998). Spatial 

heterogeneity, the differences in habitat observed across an area of land or water, is an 

important part of landscape ecology. As the relative “patchiness” of a habitat varies, so 

does the type and amount of biodiversity supported by such a habitat. Several natural

factors contribute to landscape patchiness, including species interaction, climate,

topography, soils, and natural disturbance (Dodson 1998). As human management 

practices impact the habitat, the amount of patchiness may be affected, thus having 

repercussions upon biodiversity. For example, experimental forest fragmentation in the

Amazon has revealed that the number of carrion beetles declines with forest fragment 

size, as does bird diversity (Pickett 1995). In addition, a study conducted in Finland
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identified habitat patch area as influencing both the size and density of butterfly 

populations (Molles 1999). Subsequent research should assess habitat similarity at

different scales.

In summary, this study supports the continuing need to explore the best methods 

to preserve biodiversity and conserve habitat. It is imperative that scientists continue to 

collect and catalog the great abundance of biodiversity on our planet. Management 

practices must be carefully scrutinized so as to preserve and protect the biodiversity we

find in nature. The results of such actions should be a stabilization or increase in wildlife

such as migrating warblers.
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Results of t-test analysis

Variable t df P
Grass -0.134 4 0.900
Dead wood 0.671 4 0.539
Forb 0.329 4 0.539
Coniferous shrub 1.231 4 0.286
Deciduous shrub -0.276 4 0.796
Coniferous tree -1.047 4 0.354
Deciduous tree -0.255 4 0.811
Number of warblers 4.944 4 0.008

Table T. Results of t-test analysis of seven habitat variables and warblers. Note that 
none of the habitat variables fall within the 0.05 level of confidence, while the number of 
warblers fall well below the 0.05 level. This indicates habitat similarity and warbler 
abundance dissimilarity.
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Results of Analysis of Variance (ANOVA)

Source Mean df P
Loc 19.014 1 <0.001
Spp 231.708 11 <0.001
Loc*Spp 28.486 11 0.051
Error 62.667 48

Table 2: When examining location-species interaction, this analysis of variance data 
suggests one may marginally reject the hypothesis that the number of individuals of each 
species differed between Glacier National Park and the National Forest sites.
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UTM Coordinates

UTME UTMN Date Recorded Location

12 U 0333417 5359787 23-Jun-98 False Pass, Nat’l Forest

12 U 0326843 5353501 23-Jun-98 Pike Trail, Nat’l Forest

12 U 0324814 5350248 23-Jun-98 Skyland Creek Trail, Nat’l Forest

12 U 0314654 5396435 20-Jun-98 Rising Sun Campground, GNP

12 U 0319417 5401531 22-Jun-98 St. Mary Lake, GNP

12 U 0324303 5385983 22-Jun-98 Cut Bank Campground, GNP

Table 3: UTM Coordinates for the study sites examined.
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