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INTRODUCTION 

1992 ANNUAL REPORT 

During the period of this report the 
University of Wyoming-National Park Service (UW
NPS) Research Center supported and administered 
research in the biological, physical and social 
sciences performed in the 41 national parks, 
monuments, and recreation areas in Wyoming, 
Montana, North Dakota, South Dakota, Colorado and 
Utah. The UW-NPS Research Center solicited 
research proposals from university faculty or full-time 
governmental research scientists throughout North 
America through a request for proposals. Research 
proposals addressed topics developed by National 
Park Service scientists, resource managers, and 
administrators and dealt with questions of direct 
management importance as well as those of a basic 
scientific nature. 

The Research Center continues to consider 
unsolicited proposals addressing applied and basic 
scientific questions related to park management. 
Research proposals are distributed to nationally
recognized scientists for peer review and are also 
reviewed and evaluated by the Research Center's 
steering committee. This committee is composed of 

• 
university faculty and National Park Service 
representatives and is chaired by the Dean of the 
College of Arts and Sciences, University of 
Wyoming. This committee makes recommendations 
to the National Park Service regarding awarding ''of 
research contracts. Research contracts are usually 
awarded by the middle of March. 

The UW -NPS Research Center also operates 
a NPS-owned field research station in Grand Teton 
National Park. The research station provides 
researchers in the biological, physical, and social 
sciences enhanced opportunity to work in the diverse 
aquatic and terrestrial environments of Grand Teton 
National Park and the surrounding Greater 
Yellowstone Ecosystem. Station facilities include 
housing for up to 40 researchers, wet and dry 
laboratories, a library, herbarium, boats, and shop 
accommodations. The research station is available to 
researchers working in the Greater Yellowstone 
Ecosystem regardless of funding source, although 
priority is given to individuals whose projects are 
funded by the Research Center. 

RESEARCH PROJECT REPORTS 

The following project reports have been prepared primarily for administrative use. The information 
reported is preliminary and may be subject to change as investigations continue. Consequently, information 
presented may not be used without written permission from the author(s). 

ix 
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composition and density are revealed in both the 
short-term (adjacent years) and the longer term 
(between censuses over 25 years apart). But despite 
such variations, it will be noted that the overall 
community structure and composition of the sites has 
changed little over the quarter century. 

+ STUDY AREAS 

During breeding seasons in 1966-68, two 
study sites were established within Grand Teton 
National Park; both are close to each other, within a 
few hundred meters of Jackson Lake Junction and of 
the site of the old Research Station. These sites are 

a) Willow scrub habitat, WS, ca. 250m W 
of Jackson Lake Junction and 50 m north of the road 
between the junction and Jackson Lake Dam. This 
site is dominated by several species of willow (Salix 
spp.), species with different characteristic heights 
between < 1 m and ca. 3 m. An assortment of other 
small shrubs occur as occasional plants around willow 
clumps (e.g. Lonicera, Symphoricarpos). Small 
glades interdigitate among the willows, where typical 
meadowland grasses and forbs thrive(e.g. Geranium, 
Castilleja, Potentilla}, and the site· is dissected by 
several streams, along which riparian plants occur, 
particularly around the intermittent ponds above 
beaver dams, of which several both new and old are 
sited within the study area. 

b) Sagebrush-grass/forb meadow, GS, ca. 
250 m SE of Jackson Lake Junction, in the flats 
adjacent to the Snake River east of the old Research 
Station. This site is dominated by two sagebrush 
species, but of these Artemisia tridentata is far 
commoner than A. cana. Interspersed among the 
sagebrush are patches of typical meadowland grasses 
and forbs, including some rather large patches of 
Wyethia in drier sites with shallower soils. Within 
the denser sagebrush, where grass and forb cover is 
generally very low, the commonest forbs are three 
caespitose Eriogonum species. 

In the 1991 season the two study sites were 
re-activated in the park, in locations as nearly 
overlapping as possible the sites worked previously 
(1966-1968). Each site was re-established with a 15 
m x 15m reference grid. In the grass-sagebrush GS 
site, overlap between the 1991 site and the 1966 

study area (Cody 1974, 1985) is estimated to be 
95%; in the willow scrub WS site, overlap with the 
previous site is estimated to be 70%. A partial 
relocation of the WS site was necessitated by 
extensive flooding of the old site, a product of high 
water levels within the willows area and a late 1991 
season, and the influence on these factors by a great 
deal more beaver activity at the site than was seen in 
1966-68. In the 1992 season the same two sites, with 
the same grid reference systems, were employed for 
completion of the project. 

Both sites were heavily browsed by both 
moose and deer, but otherwise enjoyed little or no 
disturbance by humans, except for the observer. 

• METHODS 

The censused and mapped WS site 
comprised 98 15 m X 15 m quadrats originally, and 
was expanded to include 145 quadrats, some 3.26 
ha., in 1992. At the GS site some 220 15 m X 15 m 
quadrats were originally employed, and 208 quadrats, 
totaling 4.68 ha., were used in 1992. Breeding bird 
censuses were made in 1991 during two time periods, 
June 15-27 and July 30-August 9, and in 1992 the 
period June 15-July 28. Territorial activity of the 
resident birds was mapped using the "spot-mapping" 
technique. The locations and movements of all bird 
species under consideration were plotted on scale 
maps of the two sites. Such records were collected 
on successive morning census periods, 0700h- 1100h, 
over 5 days in the GS and over 10 days in theWS. 
At the end of the ceJl&lls periods, the activity records 
were cumulated on master census maps, and the 
estimates of territory positions and sizes computed. 
These census data enabled estimates of species 
composition, breeding densities, and territory sizes to 
be made. Together with information on vegetation 
structure (see below), intraspecific interactions 
relative to vegetation structure and interspecific 
interactions over habitat could be computed in each of 
the two sites. 

Vegetation measures were made within each 
15 m X 15 m quadrat, in GS in 1991 and WS in 
1992. In GS foliage profiles were measured in each 
quadrat, plots of vegetation height versus vegetation 
density. These foliage profiles were measured from 
the center of each quadrat along four orthogonal 
directions based on the (varying) position of the sun 



with respect to the observer. Distances to a board 
that would be half-covered by vegetation were 
estimated along each of the four axes, at heights 
above the ground as follows: 7.5 em, 15 em, 23 em, 
30.5 em, 46 em, 61 em, 76 em, 91 em and 122 em. 
The reciprocals of these distances were averaged for 
each quadrat, and their plot, versus height above the 
ground, constitutes the foliage profile of the quadrat. 
The areas under the foliage profile between adjacent 
heights, and above height 122 em, correspond to the 
amount of vegetation for those specific height 
intervals. Various multivariate statistics (principal 
components, discriminant functions) were performed 
on the 208 se~ of (quadrat-specific) areas. 

In the WS site, vegetation height was 
mapped within each quadrat, and the proportion of 
each quadrat that was covered with open water 
(WATER), meadowland grasses and forbs (GRASS), 
and willows reaching heights less than 0.61 m (FT2), 
1.22 m (FT4), 1.83 m (FT6), 2.44 m (FT8), 3.05 m 
(FT10), 3.66 m (FT12), and 4.27 m (FT14) was 
calculated. For some purposes these 9 variables were 
reduced to 8 (by omitting WATER), or to 5 (by 
combining FT6 and FT8 into the variable MED, for 
"medium-high willows", and FT10, FT12, and FT14 
into the variable TALL, for "tall willows"). These 
variables served to measure vegetation structure, and 
the responses of the bird species to variations in 
vegetation structure, and were similarly treated with 
multivariate statistical techniques (see below). 

Foraging behavior and foraging height 
activity was measured for each passerine bird species 
present. Foraging records for each of the commoner 
bird species were accumulated to show the locations 
and heights above ground where each species spent 
foraging time. These records were assembled into 
foraging height histograms that a) characterize each 
species and b) serve to contrast different species in 
the same habitat. 

All species at the sites, at least in the 
breeding season, are insectivorous; insect availability 
was estimated, in theWS site only, using sticky board 
traps. These are white styrofoam plaques, 10 em X 
10 em in size, suspended at different heights within 
the vegetation using wire clips. The plaques were 
covered with Tanglefoot, a sticky wood-resin 
derivative, to a uniform density. Plaques were 
positioned flat on the ground (one up-side only 
sticky), and at heights of 0.5 m, 1 m. 1.5 m, 2 m 
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and 3 m above ground at each trapping station (both 
sides sticky). The plaques at each trapping station 
were located within 5 m of each other. A similar 
arrangement of plaques was followed at each trapping 
station, with a new station being initiated each day 
over a five-day period. At a specific time (1100 h) 
each day, previously set insect traps were visited, and 
all insects were removed, counted, and placed in one 
of 4 size categories, and the Tanglefoot refreshed as 
needed. 

+ RESULTS 

1966-68 BIRD COMMUNITIES 

In the course of the earlier work, I obtained 
detailed information on two main aspects of the ~rd 
communities. a) The territories of all breeding 
species at the sites were mapped, and the disposition 
of the territories analyzed with respect to vegetation 
structure and in relation to the location of territories 
of the other species present. Thus species identities, 
densities, habitat preferences and interactions among 
species over the use of space were determined. b) 
The foraging behavior and foraging height 
distributions of all species were measured, and the 
density, size- and height-distributions of their insect 
prey quantified. 

Table 1 lists all bird species seen at the two 
sites over all census periods. In the WS site, the 
commonest bird species were those in two guilds: 
four paruline warbler species and five emberizine 
finches. In each guild the species segregate chiefly 
by foraging height, but independently between guilds 
(Cody 1974). From high to low in the vegetation, 
the species are, in the parulines: MacGillivray's 
warbler, Wilson's warbler, Yellow warbler, and 
Northern yellowthroat; and in the emberizines: Clay
colored sparrow, Lincoln's sparrow Melospiza 
lincolnii, white-crowned sparrow Zonotrichia 
leucophrys, fox sparrow, song sparrow Melospiza 
melodia. The lowest two emberizines also take 
insects from the ground and from low herbaceous 
vegetation, while the highest two parulines also take 
insects by hover-gleaning and aerial flycatching. No 
behavioral interactions were observed among these 
willows species, and the disposition of territories was 
explained by variations in preferred vegetation 
structure alone. 
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Table 1. Bird species present in breeding season in two GTNP sites (all species recorded within sites; data for 
1966-68 and 1991-92. 

Willows WS Grass-sage GS 

Dominant breeding species; territories mapped and densities assessed: 

Yellowthroat 
Yellow warbler 
Wilson's warbler 
Fox sparrow 
Lincoln's sparrow 
Song sparrow 
White-crowned sparrow 
Willow flycatcher 

Brewer's sparrow 
Vesper sparrow 
Savannah sparrow 
White-crowned sparrow 

Species found breeding within sites, but not every year (territories mapped*): 

Clay-colored sparrow* 
Swainson' s thrush* 
Calliope hummingbird* 
Black-billed magpie 
Northern waterthrush* 
Marsh wren* 
MacGillivray's warbler* 

Species found feeding either regularly* (most years) or occassionaiiy within sites: 

Northern flicker 
Raven 
American crow 

Robin 
Black-capped chickadee 
Brown-headed cowbird 
Cliff swallow* 
Violet-green swallow 
Bam swallow* 
Rough-winged swallow 
Savannah sparrow 
Cedar waxwing 
Marsh hawk 

Species associated with wetter habitat within the sites. 

Virginia rail 
Coot 
Snipe 
Kildeer 
Bufflehead 
Green-winged teal· 
Red-winged blackbird 

Northern flicker* 
Raven 
American crow 
Black-billed magpie 
Robin* 
Starling* 
Brown-headed cowbird* 
Cliff swallow* 
Tree swallow* 

Brewer's blackbird* 

Snipe 
Kildeer 



In the grass-sagebrush GS habitat, a major part 
of the total bird density is comprised of three 
emberizine finches typical of sagebrush flats: 
Brewer's sparrow, white-crowned sparrow, and 
vesper sparrow Pooecetes gramineus: grassy areas in 
the sagebrush support a fourth species, savannah 
sparrow Passerculus sandwichensis. These species 
differ in size and the proportion of time spent 
foraging off the ground in the brush, and among the 
first three I found no direct interactions. However, 
there were strong interactions between savannah 
sparrows and the first three species, as measured by 
the disparity between interspecific overlaps in 
vegetation structure (habitat preference) within the 
territories of each species, and the interspecific 
(spatial) overlap in territories (Cody 1974, 1985). 

THE GRASS-SAGEBRUSH SITE 

For the GS plot, similarities and differences in 
bird species composition and density, 1966-1991-
1992, can be seen in Table 2. These can be 
summarized as follows: 

a) A 10% overall reduction in habitat 
occupancy and density of emberizids was noted in 
1991 (from 2.40 to 2.24 pr/ha), but a subsequent 
increase occurred in 1992 (up to 2. 78 prlha); the 
overall bird densities at the site in 1991 and 1992 
bracket the value obtained in 1966. 

b) White-crowned sparrow density was constant 
at the site over the 25-year period, over which time 
Vesper sparrows decreased 26% while Savannah 
sparrows increased by 70%. However, the greater 
part of the Savannah sparrow change was observed 
between adjacent years (50%, 1991-1992), and the 
greatest change in Brewer's sparrow densities was 
also observed in the 40% increase between 1991 and 
1992. 

c) A new species, Chipping sparrow S. 
passerina bred just off-site but foraged within the site 
in 1991, but did not recur in 1992. Starlings, which 
were not present at the site in 1966, foraged 
commonly at the site in 1991-92, and also constitute 
an addition. 

Principal components of profile areas for the 
quadrats in GS show that 2/3 of the total variance is 
accounted for in the first two factors; FACTOR 1 is 
strongly correlated with vegetation densities above 
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12" (30 em - i.e. taller vegetation), especially 
vegetation between 46 em and 91 em, while 
FACTOR 2 emphasizes vegetation densities between 
7.5 em and 23 em. 

While there is a high degree of overlap among 
the four species of emberizines at this site, there are 
nevertheless some significant differences among their 
preferred habitats. The mean foliage profiles of the 
four species are shown in Figure 1. Savannah 
sparrows are most distinct, preferring plots where the 
grass and forb cover is high. This species occupies 
quadrats with significantly denser vegetation < 9" 
than does Vesper and Brewer's sparrow, and is 
significantly denser than White-crowned sparrow 
plots < 6". In these same preferred Savannah 
sparrow plots, the vegetation is significantly less 
dense than Brewer's sparrow in the range 18"~", 
than Vesper sparrow in the range 18"-36", and than 
White-crowned sparrow in the range 18"-30". Note 
that Savannah sparrow and Brewer's sparrow are the 
same body size (the other two species are larger), and 
in these two species the habitat preferences are most 
distinct. 

Mean vegetation profiles for the Brewer's, 
Vesper and White-crowned sparrows show no 
significant differences, with the single exception that 
Brewer's sparrow preferred habitat is significantly 
denser around 42" than is that of the White-crowned 
sparrow. 

THE WILLOWS SITE 

The vegetation at this site seems not to have 
changed dramatically over 25 years (Cody 1974), 
with the exception that ground-water levels are 
higher, and there was more ponding as a result of 
beaver damming activities. This in tum has reduced 
the patches of forb and meadow vegetation along 
streamsides and amongst the willow clumps. A 
partial relocation of the study site was necessitated 
because of flooding of the old 1966 study area. 
Overall, the spatial distribution and breakdown of the 
willows into height categories appears very similar 
between 1966 and 1991-92, the foliage profile 
measured in 1992 is shown in Figure 2, whence it is 
seen that willows around 2 m high are the dominant 
cover at the site. 

Table 3 summarizes bird census results from the 
willows study site. Numbers of breeding bird species 
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Table 2. Site characteristics and bird community in grass-sagebrush GS site. For each species, "quads occupied" 
indicates# of 15m X 15m quadrats within the species' territories, and "breeding pairs" indicates the 

total number of pairs with territories completely within or partially overlapping the study site. Total 
breeding density has units of prslha. 

Study Year 1966 1991 1992 

Site area: 4.97 ha 4.97 ha 4.66 ha 

Brewer's sparrow 
Quads occupied 108 58 101 
Breeding pairs 6 5 9 
Tot. breeding density 0.92 0.82 1.15 

w ~ · •• :· 

Chipping sparrow 
Quads occupied 0 12 0 
Breeding pairs 1 
Tot. breeding density 0.04 

White-crowned sparrow 
Quads occupied 45 18 31 
Breeding pairs 2 2 2 
Tot. breeding density 0.26 0.26 0.26 

Vesper sparrow 
Quads occupied 129 55 83 
Breeding pairs 4 5 4 
Tot. breeding density 0.78 0.62 0.62 

Savannah sparrow 
Quads occupied 67 40 74 
Breeding pairs 4 5 6 
Tot. breeding density 0.44 0.50 0.75 

SUMMARY 
Total breeding spp. 4 5 4 
Total bird density 2.40 2.24 2.78 

Species also commonly present 

Cliff swallow Petrochelidon pyrrhonota 
++ ++ ++ 

Brewer's blackbird Euphagus cyanocephalus 
++ ++ ++ 

Brown-headed cowbird Molothrus ater 
+ + + 

Starling Sturnus vulgaris 
+ + 
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Table 3. Site characteristics and bird community in the willows GS site. For each species, "quads occupied" 
indicates# of 15m X 15m quadrats within the species'territories, and "breeding pairs" indicates the total 
number of pairs with territories completely within or partially overlapping the study site. Total breeding 
density has units of prslha. 

Year of census: 1966 1991 1992 

Site area 2.21 2.20 3.26 

Yellow warbler 
Quads occupied 61 62 113 
# Breeding pairs 8 8 11 
Tot. breeding density 1.99 1.00 2.61 

Wilson's warbler 
Quads occupied 48 52 

! '{ 

19 
# Breeding pairs 6 6 2 
Tot. breeding density 1.81 1.55 0.40 

Northern yellowthroat 
Quads occupied 85 50 85 
# Breeding pairs 11 7 10 
Tot. breeding density 3.08 1.45 2.06 

MacGillivray's warbler 
Quads occupied 5 0 0 
#Breeding pairs 1 
Tot. breeding density 0.09 

Northern waterthrush 
Quads occupied 0 0 s · 
# Breeding pairs 1 
Tot. breeding density 0.18 

Trail's flycatcher Empidomax traillii 
Quads occupied 34 37 34 
# Breeding pairs 2 2 2 
Tot. breeding density 0.36 0.50 0.37 

Lincoln's sparrow 
Quads occupied 80 36 48 
# Breeding pairs 6 6 5 
Tot. breeding density 1.99 1.27 0.92 

Fox sparrow 
Quads occupied 58 41 55 
# Breeding pairs 5 5 6 
Tot. breeding density 1.00 0.82 1.04 



Table 3 (continued) 

Year of census 

Song sparrow 
Quads occupied 
# Breeding pairs 
Tot. breeding density 

White-crowned sparrow 
Quads occupied 
# Breeding pairs 
Tot. breeding density 

Clay-colored sparrow 
Quads occupied 
#Breeding pairs 
Tot. breeding density 

Savannah sparrow 
Quads occupied 
# Breeding pairs 
Tot. breeding density 

Swainson' s thrush 
Quads occupied 
#Breeding pairs 
Tot. breeding density 

Calliope hummingbird 
Quads occupied 
# Breeding pairs 
Tot. breeding density 

Marsh wren 
Quads occupied 
# Breeding pairs 
Tot. breeding density 

1966 

27 
3 

0.90 

71 
6 

1.36 

28 
3 

0.72 

0 

15 
2 

0.27 

33 
3 

1.36 

0 

1991 

27 
5 

1.36 

31 
3 

0.82 

0 

0 

0 

0 

0 

1992 

62 
8 

1.44 

32 
3 

0.64 

0 

9 
1 

0.06 

4 
1 

0.03 

7 
2 

0.09 

10 
1 

0.25 

11 

,,· ... ~ 

---------------------------------------------------------------------------------------------------------
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Table 3 (continued) 

Year of census 1966 

Summary totals for above 15 mapped species 

# Species breeding 
Tot. breeding density 

# Paruline spp 
Tot. breeding density 

# Emberizine spp 
Tot. breeding density 

Other species commonly present at site 

Black-billed magpie Pica pica 

# Breeding pairs 

Cliff swallow Petrochelidon pyrrhonota 

12 
14.93 

4 
6.97 

5 
5.91 

++ 
2 

++ 

were similar (13 vs. 14) in 1966 and 1992, although 
the 1966 tally included MacGillivray's warbler and 
Clay-colored sparrow absent in 1992, and the 1992 
tally includes Northern waterthrush, Marsh wren, 
and Savannah sparrow, absent in 1966. Species 
numbers were reduced to 9 in 1991 (a late and wet 
year), when the five species just listed were absent, 
as also were Swainson's thrush and Calliope 
hummingbird. 

Despite differences in species numbers and 
community composition, total bird densities were 
similar in the main guilds, foliage-feeding 
insectivores (the warblers) and emberizines 
(sparrows) between 1991 and 1992 (9.27 pr/ha vs. 
9.35 prlha; 1% difference). However, bird densities 
in these two guilds were substantially higher in 1966 
(by nearly 40%; 12.94 prlha). The main density · 
changes can be summarized as follows: 

a) Some species showed relatively constant 
densities across the whole census period 1966-1992 
(Willow flycatcher, Fox sparrow). 

1991 

8 
9.77 

3 
5.00 

4 
4.27 

++ 
2 

++ 

13 
10.09 

4 
5.25 

5 
4.10 

++ 
2 

++ 

1992 

b) Some species were either commoner or 
present only in 1966 (Northern yellowthroat, 
MacGillivray's warbler, Lincoln's sparrow, Clay
colored sparrow, White-crowned sparrow, 
Swainson's thrush, Calliope hummingbird). 

c) Three species were present only in 1992 
(Marsh wren, Northern waterthrush, Savannah 
sparrow), and a fourth species was present in higher 
densities that year (Song sparrow). 

d) Yellow warblers and Wilson's warblers were 
present in similar densities in 1966 and 1991, but the 
former was more common, and the latter rarer in 
1992. 

e) The combined densities were comparable 
across years in the three emberizids that favor the 
wetter sites, Lincoln's, Fox and Song sparrows. 
However, the two species of emberizines that are 
typical of drier sites, White-crowned sparrow and 
Clay-colored sparrow, show declining densities across 
years. 
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PERCENT OF VEGETATION IN 
DIFFERENT HEIGHT ClASSES 

Figure 2. Percent of vegetation in different height 
classes. 

Together with the absence or severe reduction of 
the ground-foraging thrush and the hummingbird, 
these results seem to indicate that, with overall wetter 
conditions and a later 1991 season, the bird 
community has shifted correspondingly to disfavor 
those species that customarily forage on drier ground 
(thrush, two emberizids), or on late-blooming flowers 
(the hummingbird). However, three of these four 
species were common in other GTNP habitats in both 
1991 and 1992. But the Clay-colored sparrow could 
not be located anywhere in the park in either of the 
later census years, whereas it was reasonably 
common in several locations in 1966 (e.g. up the 
Gros Ventre riverine meadow and edge habitats). 
Whether there has been a population status change in 
this species, which is here on the extreme western 
edge of its range, remains to be seen following 
further work. Populations further east and north, 
towards the center of the species' geographical range, 
seem not to have declined over the last decade (fide 
B. MacGillivray, Alberta, and S. Johnson, Stuttsman 
Co., S. Dakota, pers comm.). 
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The degree to which the warbler species at the 
plot select territories with different vegetation is 
shown in Figure 3. The "standardized profile" 
relates the vegetation found within the species' 
territories to that of the site as a whole, as a function 
of vegetation height; the vertical dashed lines 
represent ±2 S.E. of the mean values for the site, 
and values greater or less than these indicate 
significant avoidance (negative values) or preference 
for (positive values) the vegetation at that height. 
Note that the commonest species at the site, Yellow 
warbler, accepts vegetation in just the frequencies in 
which occurs at the site. In contrast, Wilson's 
warbler prefers quadrats with more taller (FT6, 8, 
10, 12) and less-short (FT2) vegetation, Northern 
yellowthroat quadrats with significantly more low 
willows (FT2), and Northern waterthrush habitat is in 
particular extensively covered with open water (FTP.). 

Figure 4 provides similar information on the five 
species of emberizines present. The commonest of 
these, Song sparrow, is nearly as much a habitat 
generalist as is Yellow warbler, with almost no 
deviation from site averages in the vegetation within 
its territories. On the other hand, Lincoln's sparrow 
prefers drier sites (viz. low FTO) with more 
vegetation of medium height (FT4, FT6}, and Fox 
sparrow also drier sites, but those with more taller 
vegetation (FT6, FT8, FT14). White-crowned 
sparrows display a distinct preference for dry and 
grassier quadrats (FT1), which also have more 
clumps of taller willows. Savannah sparrows are 
most distinct, using only quadrats with very extensive 
grass cover, and significantly little in the way of 
willows vegetation. 

The four remaining species whose territories 
were mapped are shown with relative foliage profiles 
in Figure 5. Willow flycatchers select areas with 
extensive and continuous cover of taller vegetation, 
while Marsh wrens are found only in sites with 
extensive open water and little cover of lower 
vegetation. The quadrat samples for Calliope 
hummingbirds and Swainson's thrushes are small, but 
appear to indicate a preference for grassier sites in 
the former, and a strong preference for quadrats with 
the tallest willows in the latter. 

These habitat preferences are in general accord 
with those reported from the site earlier (Cody 1974). 



14 

H 
E 
I 
G 
H 
T 

H 
E 
I 
6 
H 
T 

15 r-·- .. · ·· · ·-,-··-·----·r-·-· ·- ···-··-r····-------··--·----~ -- -1 

I I f 

1 Yellow I 
1 

I 
\ warbler 1 1 
I i 
i I ! 

1 ' l 
10 i-· I ~ 

l I 
I I 
I ! 
! ! 

I 

51 : T ~ 
1 ! 

I ! 
t ; I . 

0 l .... _______ '-·---···-:}_· .... _: _______ . __ L_ ____ _ j 
--:5 -3 -1 1 3 5 

STANDARDIZED PROFILE 
15 r------·:----·r·-·---,--~---) 

i Northern ,. -

' YellowthroaiJ' : 

~ I 
10 

5 

,_;. 
61 l . ./ I ; 

0 ; _______ ______ _j_ _________ -------=---------.l-------·---J .. _____ _j 

1 5 

STANDARDIZED PROFILE 

Figure 3. 

15 1 - - r -,----1 
! j 
I Wllson·s 1 1

1 I warblar 
1 i I 

l I j 

10 r :, ~ 
1 II I 

5l ) j 
i /, .. l 
I ~~ ·· ~ 

o L_...j._~ _ ___._ __ .J 
-:1 -3 - 1 1 

STANDARDIZED PROFILE 

15 r·-----.--------r··------·T·----·r·---·: 
l Northern - ,...- I 
j watenhrush1 fl / ! 
i I l 
i . i 
l I : 
• j 

10 l- I ....-" . -! 

...-~--- I 

i 
s l 

I 

~I 
, -~ 

1 3 5 

STANDARDIZED PROFILE 



VARIATIONS IN BIRD SPECIES AND 
DENSITIES 

There are in general four sorts of factors that 
might be examined to interpret variations in bird 

_ species densities, within and between sites, and 
between years. Three of these are intrinsic to the 
sites: variations in a) vegetati~n or b) food 
abundance, which are tracked by the species, or c) 
variations in other consumer species, which are 
capitalized on via density compensation. One is 
extrinsic: d) density variation might be determined by 
factors in wintering areas or during migration 
between wintering and breeding areas. 

Vegetation differences over the 25-year period 
appear insignificant in the GS site, which from both 
photographs and from vegetation measurements 
appears extremely similar now to when it was first 
studied. The WS site is certainly wetter now than 
previously, and this seems the obvious reason for 
some differences in both species composition and 
species densities. Species preferring wetter habitat, 
such as Marsh wren and Northern waterthrush, 
occurred in 1992 in WS (though not in 1991). The 
ground-foraging thrush is rare at the site now, 
whereas before it was common, and it remains 
common in other habitats within GTNP. And with 
the flooding of much of the grassier habitat along 
streamsides, Calliope hummingbird is now rare at the 
site, although common elsewhere. The flycatcher 
depends on taller willows whose density and 
distribution have not been altered by flooding, and it 
has maintained a rather even density across years. 

Of the emberizines, Song sparrow and Lincoln's 
sparrow are both common, with a preference in the 
former species for wetter sites, and in the latter for 
drier sites. Correspondingly, the former has 
increased in abundance at the WS site over the]'ears, 
and the latter has declined (Table 3). While Fox 
sparrow densities have remained nearly constant, 
White-crowned sparrows have declined, again 
correlated with reduced areas of drier meadowland 
within the willows, a habitat for which this species 
shows a preference. 

Habitat selection, i.e. preferences for certain 
subsets of the vegetation quadrats, has obvious 
correlations with foraging mode and foraging height 
distnoutions. I illustrate this here with the WS 
warbler species. Figure 6 illustrates this; in all years 
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Northern yellowthroat forages at the lowest heights in 
the vegetation, Yell ow warbler forages above 
yellowthroats, and Wilson's warbler generally above 
the Yellow warblers. In 1966, when MacGillivray's 
warblers are present, this species forages higher than 
the other three warblers. These differences in 
foraging height distributions correspond to the 
differences in preferred quadrat usage, with 
yellowthroats commonest in lowest vegetation, 
Wilson's warblers commonest in the tallest 
vegetation, and Yellow warbler intermediate. 

With these differences in mind, it is illuminating 
to consider inter-year differences in warbler densities 
and the corresponding shifts in foraging height 
distributions. In particular, 1992 had a much reduced 
density of Wilson's warblers (26% of 1991 numbers). 
Correlating with this reduction, Yell ow warblers 
(which are 31% denser in 1992) shift to foraging 
higher in the vegetation, and Northern yellowthroats 
(33% denser in 1992 relative to 1991) also shift their 
foraging to higher levels in the vegetation. It appears 
than some interspecific density compensation occurs 
at the site, with the reduced density of Wilson's 
warblers allowing increased density and expanded 
foraging ranges of the remaining two warbler species. 

These warblers are foliage-gleaning insectivores, 
and it is possible that some of the inter-year 
variations in densities are attributable to varying 
levels of resource abundance at the site. A measure 
of insect availability to the warblers comes from 
Tanglefoot catches of insects. Insect catch data from 
four years are shown in Figure 7 (n. b. though not 
available for 1966). Note that the estimated insect 
density varies nearly three-fold among years (highest 
in 1974, lowest in 1991). In 1991 insect densities 
were lowest, and this year paruline densities were 
also the lowest measured. In 1992 insect densities 
were measured nearly 2/3 higher than in 1991. It is 
also relevant that insect densities have declined from 
the 1970's to the present particularly at ground level, 
where Swainson's thrushes, white-crowned sparrow, 
and other emberizines forage. 

The density of several species appears to be 
controlled by factors extrinsic to the GTNP habitats. 
Wilson's warbler was rare not only in theWS site in 
1992, but was unusually scarce throughout the park;. 
MacGillivray's warbler appears to have declined 
dramatically since the 1960's. Not only was it absent 
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from WS in the 1990's, but it was extremely sporadic 
in other GTNP habitats, including those (willows
aspen, low and dense aspen stands) in which it 
customarily reaches maximal densities. A survey of 
park habitats in 1992 revealed that MacGillivray's 
warblers were common only in a few mixed aspen 
sites at the southern end of the park (Teton Village 
road), which was quite a contrast to its previous 
broad distribution and high densities. 

Clay-colored sparrow remains the most 
enigmatic species, for while it was relatively common 
in the 1960's, a determined search over a variety of 
suitable park habitat in both 1991 and 1992 failed to 
produce a single example of this bird. Teton Science 
School personnel have likewise failed to find it. It 
appears to have withdrawn eastwards into the more 
central areas of its range, where it remains at its 
usual breeding densities (see above). 

INTERSPECIFIC INTERACTIONS 

Tests for interspecific interactions over habitat 
reveal that such interactions modify habitat selection 
in the GS habitat, but not in the WS site. Such test 
are conducted as follows, using Savannah sparrow as 
an example. All quadrats at GS are compared to the 
mean profile for Savannah sparrow. Some 41/208 
fall within one S.D. of Savannah sparrow means, 
over all heights, and I refer to these quadrats as "1.0 
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S.D. CORE" for this species. Savannah sparrows 
actually occupy 32/41 of these quadrats, for an 
occupancy figure of 0. 780 (see Table 4). For "1.5 
S.D. CORE", Savannah sparrow occupancy drops to 
52/86 = 0.605. Now, of this latter quadrat set, 
30/30 are unoccupied by any other species, 51 are 
occupied by one or two other species, and 5 are 
occupied by all three other emberizines. Savannah 
sparrow occupancy of its CORE habitat declines with 
increasing co-occupancy, from 0. 900 to 0.471 to 
0.200 (see Table 4). 

The closest species to Savannah sparrow in 
habitat preference is Vesper sparrow, and we might 
expect to see some interactions especially between 
these two species. Of the 86 quadrats which are 
Savannah sparrow CORE, 62 are also Vesper 
sparrow core by the same criteria. In these .. .62 
quadrats, Savannah sparrow's occupancy declineS to 
0.516 (it tends to avoid habitat preferred by Vesper 
sparrow). Further, of the 86 Savannah sparrow 
CORE quadrats, 29 are actually occupied by Vesper 
sparrow, and these are co-occupied by Savannah 
sparrow to the extent of 0.483. Finally, some 24 
quadrats are both Savannah sparrow and Vesper 
sparrow CORE, and are also occupied by Vesper 
sparrow; of these, Savannah sparrow co-occupies a 
proportion 0.416 (see Table 4). These declining 
occupancy figures for Savannah sparrow as its CORE 
habitat a) coincides with Vesper sparrow CORE, and 
b) is occupied by Vesper sparrows, indicate the 
extent to which Savannah sparrow's choice and 
occupancy of habitat is limited by the presence of 
Vesper sparrows. 

Detailed analysis of quadrats utilized, quadrats 
suitable but not utilized, and the utilization of suitable 
quadrats by other than the subject species might 
reveal subtle interspecific interactions among the 
species of the WS also. Certainly some density 
compensation appears to operate there, but whether 
the presence of one species inhibits habitat use by 
another remains to be seen from further analysis. 

+ DISCUSSION 

A comparison of bird species composition and 
densities in two GTNP habitats over a 25-year period 
reveals both strong similarities and some considerable 
differences. Some of the differences are attributable 
to changes in habitat, specifically to water levels 
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Table 4. Intcractioua among apeciea in the GS ait.e. 

Occupancy of •t.o S.D. CORE• habitat by aaviUlDIIh aparrow: 0.780 
~cy of •1.5 S.D. CORE• habitat by aaviUlDIIh aparrow: 0.605 

Occupancy of •1.5 S.D. CORE• habitat by aaviUlDIIh aparrow wheo 
unoccupied by any other app.: 0.900 
occupied by one or two other app.: 0.471 
occupied by three other app.: 0.200 

Occupancy of •1.5 S.D. CORE• habitat by aaviUlDIIh aparrow wheo 

habitat ia alao veaper aparrow core: 0.516 
wheo habitat is alao occupied by veaper ap.: 0.483 
wheo habitat ia both veaper ap. core and 

alao occupied by veaper aparrow: 0.416 

within the WS site. Others are attributable to 
presumably normal inter-year variations in climate, 
e.g. the cool, wet and late Spring in 1991. Yet other 
differences appear beyond the control of factors that 
operate within the park, and specifically the reduced 
densities of two warbler species (Wilson's, 
MacGillivray's) are not readily explained by any 
changes in resource availability during the Jackson 
Hole breeding season. The broad patterns of habitat 
preferences, foraging height distributions, and 
interspecific interactions are similar now to what was 
observed 25 years ago, but shifts in relative densities 
require both a detailed interpretation of within-site 
factors and invocation of extrinsic factors for their 
resolution. 

+ CONCLUSIONS 

Breeding densities of songbird species in Jackson 
Hole vary apparently in both the short term and the 
long term. At least some of the former variation is 
explicable via within-site variation in resource density 
and availability, and some of the longer term 
variation might well be attributable to longer-term 
environmental changes in situ such as those related to 
beaver density and activity. But a component of the 
long term variation remains unexplained, and might 
well be related to factors that affect the success of 
birds in completing their migrations and to their 
success or otherwise in overwintering at lower 
latitudes. The establishment of a permanent 
monitoring program, within GTNP, for migrant bird 
breeding densities is the only way to assemble and 
evaluate the data necessary to answer such questions, 
and this must be recognized as an important priority 
for forthcoming research. 
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ROCKY MOUNTAIN NATIONAL PARKS 

• 
SUSAN M. GLENN t IAN BUTLER t BRIAN CHAPMAN t REBECCA RUDMAN 

OKLAHOMA BIOLOGICAL SURVERY t UNIVERSITY OF OKLAHOMA 
NORMAN 

SUMMARY OF PROGRESS TO DATE 

The first phase of the project was to 
determine which mammal species may have gone 
locally extinct from the national parks and which of 
these extinctions were in populations at the edge of 
their range. Susan Glenn met with Robert Schiller in 
the NPS Regional Office in Denver in July 1992. 
During this meeting, the validity of the park species 
lists was discussed. Only verified species records 
were being used and some groups of species had not 
been thoroughly inventoried in many of the parks. 
Species lists have not been obtained from some parks. 
Problems in species lists has been documented by the 
National Park Service (Stohlgren and Quinn 1992). 
Therefore, it cannot be assumed that all species that 
are missing from the park lists have gone locally 
extinct. Species habitat requirements are being 
analyzed to determine if the parks are likely to 
maintain populations of the missing species. 

We acquired 3-arc second digital elevation 
data of the study area from Rocky Mountain 
Communications Inc. on CD-ROM. This data was 
merged for the Rocky Mountain region of the project. 
A VHRR satellite data has been obtained for mapping 

land cover. These auxiliary data layers will be used 
to refine the mammal distribution maps. In order to 
use these data, we have developed a database in 
dBase on habitat, and elevation range tolerance of 
each species. Brian Chapman, Warren Drummond 
and Susan Glenn visited several parks to obtain 
habitat information and verify species lists. 

PROBLEMS IN METHODOLOGY 

In the first half of the second year of the 
project we have identified species at the edges of 
their ranges and therefore were prone to extinction on 
National Park Service lands. We have also generated 
a list of species that were well within their ranges on 
these lands. A major difficulty has been that many 
species have not been adequately inventoried. Small 
mammals, eSpecially shrews and bats, have not been 
inventoried, and these species tend to be missing 
from park lists. It is premature to analyze causes of 
these extinctions when it is not clear if these species 
are found in the parks. Instead of analyzing these 
extinctions, we have been working to determine 
which species have been adequately inventoried and 
which species require more work. The park 
personnel have been extremely helpful and 
encouraging in this process because they realize that 
this type of analysis was needed. Analyses of habitat 
requirements of species requiring inventory will help 
point out which species are likely to have been within 
the park boundaries historically. 

Research into historical distributions of Rocky 
Mountain mammals, particularly non-games species, 
was difficult because the information was scattered 
and required extensive interpretation. This portion of 
the project was more time consuming and more 
expensive than anticipated and could easily have been 
a project in its own right. We particularly 
appreciated the assistance of Nathan Bender at 
Montana State University, Les Davis at the Museum 
of the Rockies, Paul Schullery at Yellowstone 
National Park, and Bob Clark of the Montana 
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Historical Society. 

REMAINING WORK 

During the second half of the second year of 
funding, we will complete refining the maps of 
species distributions using the information regarding 
habitat requirements of each species. We will 
identify which species may have gone extinct in the 
park and should be inventoried. . Pre-settlement 
species-area curves will be constructed for the region 
based on the GIS of pre-settlement range maps by 
combining species lists and areas of adjacent grid 
cells. Predicted species richness of native species in 
the park with confidence intervals of the predictions 
will be generated for each park as a guide to 
inventory completeness. 

We will begin development of the modified 
Gap Analysis portion of the project. We will analyze 
species distribution patterns across the region to 
identify unusual species' assemblages in addition to 
sites with high species richness. These maps may be 
used for long-term planning by the National Park 
service and other conservation agencies in the Rocky 
Mountain region. Species rich grid cells and the 
most unusual grid cells will be identified for further 
investigation. 
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+ SUMMARY OF RESEARCH 
ACCO:MPLISHMENTS 

This is the third and final year of this 
project. In 1990 and 1991 we concentrated our 
efforts at Natural Bridges National Monument and 
Canyonlands National Park. In 1992, we performed 
work at Natural Bridges National Monument, and at 
Arches National Park. At Natural Bridges we 
sampled plant grids and small mammal grids along 
sections of canyon bottom containing or lacking a 
hiking trail to determine if the trail was influencing 
the distributions or abundances of plants or animals 
in the canyon bottom. We collected data in May and 
June. We sampled the area between Sipapu Bridge 
and Kachina Bridge (area containing the well used 
hiking trail), and an area about 3 kms long above 
Sipapu Bridge (area lacking a well used trail). 

Four small mammal trap grids (70 live
traps/ grid) were trapped in the area lacking a trail 
and an additional four were trapped in an area 
containing a trail in White Canyon. Each trap grid 
was trapped for four successive nights. Eight plant 
grids ( 4 up and 4 downstream of Sipapu Bridge) were 
examined for species composition and plant 
coverages. Each upstream grid consisted of 40 1 m2 

plots, while the downstream grids consisted of 40 
additional plots plus 20 plots randomly located in the 
trail right of way. 

At Arches we live trapped small mammals 
and sampled the vegetation in Courthouse Wash. At 
this site we sampled above and below the paved road 
running across Courthouse Wash to the west of "The 
Wall" to determine if hiker or packhorse usage below 
the road was influencing the plants or animals in this 
canyon bottom. Two 100 live-trap-grids were set up 
(one above and one below the road) and trapped for 
four consecutive nights. Small mammals were 
marked with ear tags and released to facilitate 
population estimation. One hundred 1 m2 vegetation 
plots were examined above and another 100 below 
the bridge to determine plant species composition and 
coverage. In addition 40 1 m2 plots were also 
examined in the trail right of way. The spatial 
arrangement of the plant plots was such that we could 
contrast vegetative characteristics in a canyon bottom 
containing the trail, in a canyon bottom lacking the 
trail and in the trail right of way per se. The Arches 
data sets were collected in October 1992. 

+ SIGNIFICANCE OF OBSERVATIONS 

We will reserve final judgement on the 
significance of our observations in 1992 until we have 
finished data analyses. At this point we can, 
however, make some tentative comments. 
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At Natural Bridges the hiking trail enters the 
stream channel at Sipapu Bridge and continues 
downstream until Kachina Bridge. In 1990 our 
sampling revealed differences for some aquatic 
organisms in both the proportion of pools occupied 
and the densities of individuals per species between 
the area containing the hiking trail (below Sipapu) 
and the area lacking the trail (above Sipapu). Similar 
patterns held in 1991. Sand substrate is 
disproportionately common below Sipapu, while rock 
bottom is disproportionately common above Sipapu in 
the area lacking a trail. Differences in species 
abundances or distributions of aquatic animals appear 
to relate to differences in substrate, with species such 
as mayflies inhabiting areas with much sand and 
other species such as snails or caddisflies inhabiting 
areas with extensive rock substrate. We speculate 
that the negative impact of the trail on the vegetation 
(documented in 1990) is releasing sand from the soil 
and increasing sand infiltration. Rocks are present 
below Sipapu but are largely buried by sand. If our 
speculation is correct, then the hiking trail is having 
an indirect effect o~ the distribution and abundance of 
some aquatic orgariisms via its effect on the nature of 
the pool substrate. Our 1992 plant analyses are not 
complete, but appear to show similar patterns to the 
1990 results. The small mammal analyses are 
likewiSe not complete. 

+ PROBLEMS THAT MIGHT IMPEDE 
PERFORMANCE 

We see no unsolvable problems. 

+ WORK REMAINING TO BE 
PERFORMED 

Field work is now complete. The only work 
remaining to be performed is to input the data, 
analyze the results, and write the final report. This 
will take several weeks, but we anticipate no 
problems with the analyses. 
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+ INTRODUCTION 

The purpose of this document is to describe 
the intent of climate change research being funded by 
the National Park Service (NPS) in the Central 
Grasslands (CEGR) Biogeographic Area (BGA). For 
the purposes of this document, the CEGR BGA is 
broadly defmed as areas of historical or potential 
grassland extending from the southern Canadian 
provinces to northern Mexico and from the foothills 
of the Rocky Mountains to western Indiana. The 
majority of NPS units containing prairie within this 
BGA are short-grass, northern mixed-grass, or 
tall-grass ecosystems. 

Increasing levels of atmospheric greenhouse 
gases (C02, CH4, CFCs, etc.) are expected to 
induce dramatic changes in the world's climate over 
the next 30-100 years. General circulation model 
(GCM) simulations for a doubling of C02 have 
projected 2-3xC increases in mean global 
temperatures and major transformations of land 
surface hydrology. Extensive modification of the 
land surface due to land use changes (e.g. 
deforestation, irrigation) are also anticipated to have 
important effects on atmospheric circulation and 
climate. 

Because the climate of the North American 
CEGR BGA is strongly influenced by both the 
mid-latitude jet stream and circulation from the 
Bermuda subtropical high pressure center, projected 
changes in global circulation will likely result in a 
marked alteration of regional and local climates of the 
CEGR BGA. Such changes would have major 
consequences for the ecologic and hydrologic 

resources of the area. Climate change of this 
predicted magnitude would fundamentally influepce 
the structure and function of ecosystems throughout 
the CEGR BGA, including NPS Parks and 
Monuments of the region. This influence would be 
felt through changes in the variability of climate, 
especially extreme conditions, as well as the means of 
climate. Both changes in means and extremes would 
entail changes in ecosystem function, the composition 
of ecosystems across park landscapes, and 
distributions of species across the region. 

Plants provide most of the structure to 
terrestrial ecosystems so that the responses of plants 
to climate change and ecosystem feed-backs are 
central to predicting changes in parks. Therefore, a 
high priority for predicting the changes in habitat 
arrays and ecosystem functions in parks is to predict 
the distributional responses of plants to climate 
change. Anticipated changes in climate and direct 
C02 effects will probably impact nearly all plant and 
animal species and communities in the CEGR BGA. 
Such changes will be most important for those 
restricted by limited range, small populations, and 
genetic isolation. High latitude, mid-continent 
ecotonal, and relict grassland landscapes are likely to 
provide early indications of climatic change. Thus, 
species and communities within NPS units may be 
especially sensitive because they are typically 
remnants of larger populations reduced by habitat 
loss. Direct effects will doubtless be further 
complicated by bio-feedbacks to .the climate system. 

The NPS is faced with future options varying 
from managing for grasslands in their present state, 
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to mitigating change to grasslands expected under 
altered climatic and/or C02 regimens. A goal of the 
NPS Global Change Program is to develop basic data 
for refining and validating models to predict 
ecosystem responses in a biogeographic area. 
Specifically, CEGR BGA research entitled: 
"Projecting climate and vegetation change for the 
Central Grasslands Biogeographical Area, W.A 
Reiners, T.G.F. Kittel, R.A. Pielke, R.P. Neilson, 
and J.M. Lenihan, 1992-1997" integrates database 
development and simulation modelling and is directed 
toward a better understanding of the consequences of 
global change for geographic distributions and 
dispersal of life forms and species of the CEGR 
BGA. In brief, this research proposes to develop 
scenario-based predictions of climate and vegetation 
change for the CEGR BGA by linking mesoscale 
climate modeling with vegetation distribution 
modeling. This proposed research is organized as a 
three-team effort consisting of a coordination/data 
gathering team (Univ. of Wyoming), a mesoscale 
climate modelling team (Colorado State Univ. ), and 
a vegetation change modelling team (Oregon State 
Univ.). 

+ OBJECTIVES AND HYPOTHESES 

This research addresses the following 
questions: 1) What will be the nature of climate 
change for the CEGR BGA due to globally 
increasing levels of greenhouse gases?, 2) How will 
the ranges of dominant plant types change in 
response to climate change over the CEGR BGA?, 
and 3) How will the "natural" vegetation 
(excluding intensive agriculture) be altered at the 
landscape scale in NPS lands and other reserves, 
and how will that lead to biospheric feedback? 

Hypotheses regarding future CEGR BGA 
climates will not be directly testable because of the 
30-100 year time frame projected for such changes. 
Such hypotheses can instead be explored in a 
modelled environment by testing the sensitivity of a 
simulated climate to external forcing (i.e. the regional 
response to global change) or internal forcing (i.e. 
regional biosphere-climate feedbacks). Clearly, the 
success of such evaluations depends on how well a 
model simulates the real world. 

GCM' s for elevated levels of greenhouse 

gases helped generate several hypotheses that could 
be tested with meso-scale climate simulations. Thus, 
it can be hypothesized that surface temperatures will 
be higher across the CEGR BGA, with greater 
increases occurring in the northern part of the region 
than in the south. GCM simulations project increases 
in .temperature to be larger at high latitudes than 
lower latitudes and that mid-continental North 
America will be drier. Thus, summertime 
precipitation across the Midwest should decrease. An 
alternate hypothesis is that greater increases in 
temperature in the continental interior relative to the 
Gulf of Mexico coast may enhance mid-continental 
monsoonal circulation and increase summer 
precipitation. In addition, meso-scale climate models 
will test whether winter to early.:summer precipitation 
generated by mid-latitude cyclonic storms will 
increase due to the increased waterholding capacity of 
a wanner troposphere. ' · 

Modeling vegetation change is another key 
component of this research. A high priority for 
projecting the ch~ges in habitat arrays and 
ecosystem functions in prairie parks will be to project 
how rapid climate may affect plant (life-form) 
distributions. Under 2xC02 scenarios: (1) desert 
shrub vegetation should develop in the southwestern 
portion of the present-day CEGR BGA; (2) short 
grass plains should expand eastward at the expense of 
present-day mid-grass and tall grass prairie; (3) 
northern mixed grasslands should expand into the 
present-day boreal forest of Canada; and ( 4) eastern 
deciduous forest in gallery forests of the CEGR BGA 
and the periphery of the region should be reduced in 
vigor and extent. 

How will biospheric and vegetation change 
function as feedbacks to local and regional climates? 
Changes in vegetation type and cover may influence 
soil erosion, the local radiative environment, and land 
surface-atmosphere energy and moisture exchange. 
Changes in surface albedo and surface heat balance 
strongly influence meso-scale atmospheric circulation 
patterns and potentially, the generation of convective 
storms. Hypotheses will be evaluated using high 
spatial resolution Regional Atmospheric Modeling 
System (RAMS) simulations with surface 
characterization based on vegetation distribution 
simulated by the vegetation model under current and 
GCM -projected climates. 



SIMULATION MODELLING 

Current projections for scenario-based 
climate changes are based on large-scale, coarse 
resolution GCM simulations carried out by a few 
major centers in the U.S. These have very coarse 
resolution (e.g., 4.5x latitude- 7.5x longitude, with 
500 km horizontal grid interval at mid-latitudes) and 
provide inadequate prediction for climate variables 
for a specific region like the CEGR BGA and no 
statistical estimates of the distribution of heat and 
precipitation over a time period such as a month. 
This research proposes to "scale-down" from GCM 
scales to mesoscales in order to make more 
meaningful predictions for the CEGR BGA. To 
solve the problem of poor simulation, this research 
will generate fme-resolution (e.g., 40 km and for 
selected areas, 10 km grid intervals) regional 
simulations of climate change over the CEGR BGA. 

In this research, a rapidly evolving 
modelling system (Mapped Atmosphere-Plant Soil 
System, MAPPS) will simulate biological constraints 
on what life form becomes dominant. These 
constraints include leaf area and stomatal controls on 
site water balance, as well as competition between 
woody and grass life forms for both light and water. 
The MAPPS model has been designed to simulate all 
upland vegetation types in the conterminous United 
States with regional to landscape resolution. 

CEGR BGA GLOBAL CHANGE RESEARCH 
PROGRAM MILESTONES 

The CEGR BGA program will be under the 
primary leadership of the CEGR BGA Coordinator 
/Unit Leader, located at the University of Wyoming 
Cooperative Parks Studies Unit (UW CPSU) who will 
be supervised by the Chief, Branch of Science, 
Rocky Mountain Region. As outlined in the 
discussion above, the research system of the CEGR 
BGA Global Change Research Program is strongly 
oriented towards the linkage of climate and vegetation 
modeling and long-term database development. This 
research plan is the spatially appropriate approach to 
examine the consequences of climate change on large 
geographic areas such as the CEGR BGA. 
Additionally, this program emphasis offers an 
excellent opportunity for the CEGR BGA Program to 
develop and contribute considerable expertise in 
meso- and land-scape modelling of climate, 
vegetation, and zoogeographic change to the National 
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Global Change Program. One of the most important 
goals of our research will be to strengthen the 
communication linkages between park units and the 
scientific community. To this end synthesis 
workshops, and park specific data and product 
delivery are integral components of the program. 

This research is directed toward a 
coordinated modelling effort that will provide three 
products to NPS land managers: 1) mesoscale 
climate change predictions based on a range of 
reasonable but everchanging GCM scenarios, 2) 
regional vegetation change for the region which 
provides an ecological matrix for changes that 
might occur on particular land units, and 3) a 
modelling system that can be applied to particular 
land units that have sufficient spatially-arral'§;d 
data for prediction of vegetation and other 
ecological changes on a landscape scale. 

In addition to producing annual and final 
reports, research milestones include 1) estimation of 
bounds of climate change (FY 93), 2) development 
and testing of alternative meso-scale climate change 
hypotheses based on additional GCM projections (FY 
94), 3) begin re-scaling of meso-scale models to 
landscape models (FY 94), 4) continue testing 
alternative hypotheses and rescaling of landscape 
models (FY 95), 5) complete rescaling landscape 
model and application to two primary NPS units (FY 
96), 6) test coupled climate/vegetation interaction 
models (FY 96), and 7) applications of simulation 
models to primary NPS sites (FY 95 and FY 96). 

Delivery of research progress to park units 
will occur in the form of annual reports, annual 
research synthesis bulletins (2-5 pages) which 
summarize research reports, maps for use by park 
interpretation and resource management staff, and 
demonstrations of simulation models. The CEGR 
BGA Coordinator will be responsible to insure 
information transfer through a series of synthesis 
workshops described below. Contributions from 
CEGR BGA Program staff and research investigators 
are planned to enhance public understanding through 
popular articles and/or contributions to exhibits. 
Investigators will prepare briefings for presentation at 
annual synthesis workshops and will provide guidance 
and expertise through CEGR BGA Program staff in 
order to enable parks to prepare interpretive 
materials. 
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This research program proposes to primarily 
service protected natural ecosystems in National Park 
Service units of the CEGR BGA in conjunction with 
Elk Island National Park of the Canadian Parks 
Service (CPS). There exists a generally east-west 
gradient reflecting greater habitat fragmentation in the 
east to relatively contiguous, drier, western 
grasslands. The range in size and spatial distribution 
of NPS units provides a partially balanced spatial 
network which recognizes the environmental and 
habitat fragmentation gradients. The NPS units are. 
the most valuable resource for this program and so 
emphasis will be placed accordingly. Auxiliary 
corroborating sites that provide important spatial 
linkages unrepresented by NPS sites also will be 
included. The purpose of these auxiliary sites is to 
provide geographic and ecological balance, and 
opportunity for database development which 
facilitates program research goals. In recognition of 
the existing contributing databases and GIS 
capabilities, two NPS units are identified as primary 
sites (Indiana Dunes National Lakeshore and Wind 
Cave National Park). While all NPS CEGR BGA 
sites will receive products from meso-scale modelling 
efforts, the two primary sites have been identified for 
initial application of landscape scale simulation 
models . 
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+ INTRODUCTION 

Research on plant and invertebrate 
communities of hanging gardens in five parks on the 
Colorado Plateau is at the half way point. Many 
interesting and somewhat unanticipated biological and 
geological questions have arisen, and we are 
progressing toward our initial research objectives. 
Plant diversity and community survey work is on 
schedule and providing insight into biogeographic and 
community patterns. Insect survey work is slightly 
behind due to the high abundance and diversity of 
taxa. 

Our research objectives for the 1992 field 
season were to (1) complete the survey of plant and 
invertebrate animal communities of hanging gardens 
in Zion National Park (ZION) and Glen Canyon 
National Recreation Area (GLCA), and to begin a 
community survey of communities in Capitol Reef 
National Park (CARE), (2) map the geographic 
distribution of the endemics identified and determine 
levels of endemism within and among parks and (3) 
determine levels of similarity between each sampled 
hanging garden plant and insect community. 

FIELD METHODS 

Most of the hanging gardens we sampled in 
1992 were chosen during a closeout session at Zion 
National Park (ZION) and Glen Canyon National 

Recreation Area (GLCA) at the end of the 1991 field 
season. The Capitol Reef National Park (CARE) 
sites were chosen during a work trip in May, 1992. 
The return trip to ZION had two main objectives: 1) 
to complete the work on the Canyon Overlook 
hanging gardens due to their discovery on the last day 
of the 1991 field season, and 2) to verify our plant 
species lists compiled in 1991 since there were 
discrepancies with Welsh (1989). 

Field sampling techniques were the same as 
in summer 1991 (Stanton et al. 1992) with the 
exception of the following. All hanging gardens in 
ZION were re-sampled for plant species diversity 
since our 1991 species lists were not in total 
agreement with Welsh's (1989) report. We made a 
more concerted effort to search each subsequent 
hanging garden for all plant species present. 

Each hanging garden was visually separated 
into the following microhabitats: wet walls, ledges, 
ledge-soil complex, and seeplines. Wet walls were 
obviously vertical but also included some slopes and 
floors that were covered with thin sheet flow of water 
and were dominated by ferns, prokaryotic and 
protistan communities. Ledges were of sufficient 
width and length to support linear plant communities 
in cracks and narrow strips of wet soils. Most of the 
vascular plant communities were found on ledge-soil 
complexes with wet colluvial soils just down slope of 
ledges or underneath an alcove. Seep lines are drier, 
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linear communities that develop at a fracture in the 
sandstone or at impervious bedding planes on canyon 
walls and at the back of dryer alcoves. These 
microhabitat definitions are generally the same as in 
1991 but now substitute seepline for backwall and 
drier ledges. The ledge microhabitat is now reserved 
for wet transitions between wet walls and wet 
colluvial soils of the ledge-soil complex. Data 
collection on the physical parameters of each banging 
garden were increased to include aspect and length of 
tributary drainage above hanging gardens. 

+ RESULTS 

Over 600 plant specimens were collected as 
vouchers for distribution and community data. These 
above specimens are presently being identified by Dr. 
Hartman at the Rocky Mountain Herbarium at the 
University of Wyoming. Once identification is 
complete, analysis of community and biogeographic 
data on 1992 banging gardens will begin. 

Topographic surveys for all hanging gardens 
sampled have been completed to determine hanging 
garden size (Tables 1, 2). Plant species richness for 
each banging garden was determined from 1991 data 
(Tables 1, 2) to allow preliminary calculation of area
species relationships (MacArthur and Wilson, 1967) 
for ZION and GLCA. The slopes of the two 
regression lines are significantly different (t(.OS)2.2S = 
2.58, p = .02) which indicates different area-plant 
species relationships for the two parks. ZION's slope 
(0.15) is within the range MacArthur and Wilson 
(1967) give for continental biota (0.12-0.17) while 
GLCA's slope (0.25) is in a more island-like range 
(0.20-0.35). This trend may continue with the 
addition of banging garden plant richness data 
collected in 1992; if so, it may influence management 
recommendations. 

A cluster analysis of hanging garden vascular 
plant communities bas been initiated for ZION. This 
is based on community similarity coefficients and will 
allow the development of a plant community 
classification system. We will continue cluster 
analysis on vegetation data from GLCA and the other 
parks as species identification is completed. 

While sampling the ledge-soil complex 
microhabitat at Weeping Rock Hanging Garden in 
ZION last summer we were assisted by Resource 

Management staff. They requested advice on how to 
best protect the banging garden plant resource in light 
of trampling and "social trails". Our judgement was 
that the most fragile resource was the wet, unstable 
soils and that a boardwalk should be constructed. 

We have begun a preliminary analysis on the 
distribution and community importance of 
characteristic banging garden . plants, endemics, 
disjunct populations of more widespread species, and 
possible endangered species (Table 3). Federal and 
state status was taken from Atwood et al. (1991). 
Zion daisy, Erigeron sionis, bas been found on only 
two banging gardens in ZION (although the second 
one bas yet to be verified by Dr. Hartman) and has 
a very small part of the community canopy coverage. 
There are, however, many individual plants on the 
wet wall at Canyon Overlook IT banging gaiaen not 
two feet from the trail on which thousands of tourists 
walk each year. Alcove bog-orchid, Habenaria 
zothecina, has been found on wet rock and wet soils 
on three banging gardens in GLCA (although the two 
from 1992 have yet to be verified by Dr. Hartman) 
where it occupies 2-5% of the canopy. All three 
banging gardens have a north aspect (Table 2): 
Rattlesnake-356°, Swallow-7°, and Camp-5°. These 
are isolated locations in Pictograph, Ribbon, and 
Knowles Canyons respectively which show little, if 
any, sign of visitation. While each of the stands have 
many individual plants of this species and appear to 
be in good vigor, there is a fmite number of north 
facing hanging gardens on the Colorado Plateau. If 
next season's work in CANY verifies this pattern, the 
C2 status may need to be upgraded. Disjunct 
populations of American spikenard, Aralia racemosa, 
and cliff jamesia, Jamesia americana, are found on 
the same two ZION hanging gardens; Falling Water 
and Grotto. American spikenard has an 8% average 
canopy cover on wet, ledge microhabitats as well as 
several individual plants on both hanging gardens. 
Cliff jamesia has much fewer numbers of individuals 
and did not show up in community samples. Both 
hanging gardens have or have had water diversion 
projects to supply Zion Lodge. The other plants 
shown in Table 3 were chosen as characteristic 
hanging garden plants not found in surrounding 
habitats. Most of them appear to be widespread and 
to form a significant portion of the canopy cover of 
vascular plant communities. 

Insect collections are currently being 
processed and identified to Family prior to shipment 
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Table 1. Plant species richness and physical parameters of hanging gardens in Zion National Park: size in 
m2

, aspect in degrees, elevation in feet. Plant species numbers are best current estimates and may change 
slightly as taxonomic work is completed. 

Hanging Garden Size 

Pine Creek 72 

Upper Emerald 1170 

Lower Emerald 131 

Grotto 628 

Menu Falls 190 

Fall 274 

Falling Water 420 

Narrows Trail 383 

Trail's End 226 

Canyon Overlook I 4 

Canyon Overlook II 70 

Court Patriarchs 99 

Snail 61 

Kaye's 124 

Weeping Rock 812 

Hailstone 28 

to the USDA Bee Laboratory at Utah State University 
and the systematic Entomology Laboratory at Oregon 
State for species identification. Most of the sweep 
netted, hand, and flower pollinator/feeder collections 
have been processed and shipped for identification. 

We have begun a biogeographic analysis of 
the distribution of bumblebees (Bombus) from 1991 
collections. All of the five species collected are 
found in boreal and montane forest biomes (fable 4) 
and three, Bomb us centralis 1 B. melanopygus 1 and B. 
occidentalis have their highest abundance in the 
boreal/montane forest biome (fable 4) (Milliron 
1971, 1973, Stephan 1957, Thorpe et al 1983). 
These data support the hypothesis that hanging garden 
fauna are ice age relicts. Bumblebees tend to be 
generalized floral feeders, but our records match only 
two previously documented bumblebee species-plant 

Richness Aspect Elevation 

4 344° 4200 

19 1200 4700 

11 158~ 4300 

18 . 16° 4600 

19 218° 4500 

11 31° 4500 

18 318° 4600 
''..:"" 

19 259° 4500 
I 

10 303° 4500 

10 238° 5250 

17 124-242° 5250 

13 177° 4750 

11 270° . 4500 

25 192° 4600 

22 196° 4500 

13 1000 4700 

genus associations: B. morrisoni on Cirsium in 
GLCA, and B. huntii on Dodecatheon in ZION. 
Both of these bumblebees are widespread in the Great 
Basin (fable 4). Our floral visitation records for B. 
centralis 1 B. melanopygus 1 and B. occidentalis (fable 
4) appear to be previously undocumented. 

In GLCA and ZION, many hanging gardens 
appear to be located on the contact between the 
Navajo sandstone and the Kayenta formation (fables 
5, 6) at an approximate elevation of 3800-4200 
(fable 2) and 4100-5300 feet (fable 1) respectively. 
These gardens straddle the contact and have distinct 
geomorphic microhabitats. The wet backwall (and 
hanging wall under an alcove) are in the cliff forming 
Navajo sandstone, while the ledges and colluvial soil 
slopes develop in the siltstone and mudstone layers of 
the Kayenta. Most of the remaining hanging gardens 
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Table 2. Plant species richness and physical parameters of hanging gardens in Glen Canyon National 
Recreation Area: size in m2

, aspect in degrees, elevation in feet. Plant species richness is currently being 
determined for hanging gardens worked in summer 1992. 

Hanging Garden Size Richness 

Dune . 173 18 

Cross bed 115 22 

Rattlesnake 836 19 

Hardwood 1177 29 

Pedestal 269 15 

Zephyr 81 15 

Graffiti 44 7 

Upper Three 825 15 

Lower Three 162 6 

Surprise 150 9 

Ivy 70 7 

Baby 35 10 

Baby Too 38 10 

Zigy 1215 

Hook 351 

Hawk 193 

Swallow 52 

Ice 893 

Comer 249 

Channel 714 

Camp 341 

Pyro 37 

Boondoggle 17 

are within the Navajo sandstone with seeps associated 
with synclinal crossbedding. Almost all hanging 
gardens sampled have been associated with or located 
below surface drainage pouroff points. We have 
found Welsh's (1972) classification of hanging 
gardens into alcove, windowblind, and terrace types 

Aspect Elevation 

goo 4000 

201° 4040 

356° 3800 

155° 3840 

16()0 3800 

174° 3800 

175° 3800 "'·-: 
! ·.: 

230° 4100 

2300 3840 

120° 3880 

233° 3840 

263° . 3760 

205° 3920 

186° 3880 

212° 4160 

243° 4160 

70 3880 

238° 4050 

112° 4050 

3920 

so 3800 

202° 3800 

195° 3800 

to be only somewhat descriptive. For example, with 
his system, only type IV classic alcoves are 
associated with surface drainage tributaries. We plan 
to measure surface drainage area and length above 
each hanging garden then combine that data with 
hanging garden size, structure of primary seep, and 
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Table 3. Canopy coverage va~ues for hanging garden vascular plants with narrow distribution; 0 = 
coverage range, T = trace, [] = sample size. Microhabitat symbols: ww = wet wall, I = ledge, Is = 
ledge/soil, seep = seepline. 

Species Status Microhabit 

Fed St ww l Is seep 

Jamesia C2 G5Tl/ T 
americana S1 [2] 

Hahenaria C2 01 .05 .025 
zothecina /S1 [1] (.02-.03) 

[2] 

Erigeron C2 02 .01 
sionis /S2 [2] 

Aralia - - - .08 .04 
' ,~ ... ~ 

racemosa (T-.15) [1] 1,; 

[3] 

Aquilegia - - .13 .03 .04 
chrysantha (.12-.15) (T-.06) (T-.22) 

[2] [4] [9] 

Dodecatheon - - .03 .11 .20 
pulchellum (.03-.04) (.08-.13) (.06-.35) 

zionense [3] [3] [8] 

Mimulus - - .40 .06 .03 
cardinalis (.18-.63) (.01-.17) (T-.06) 

[2] [3] [2] 

Cirsium - - .04 .05 .29 .02 
rydbergii (.01-.13) [1] (.01-.79) [1] 

[6] [13] 

Cladium - - .037 .063 
californicum [1] [1] 

Primula - - .01 .02 .02 
specuicola (T-.02) (T-.04) (.02-.03) 

[2] [2] [4] 

Mimulus - - .08 T T 
eastwoodiae (T-.20) 

[5] 

Aquilegia - - .10 .03 
micrantha (.01-.20) (T-.06) 

[4] [9] 
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Table 4. Biogeographic analysis of the distribution of bumblebees, Bombus as floral visitors on hanging 
gardens in ZION and GLCA during 1991. Distribution is by state or province abbreviation; floral records 
by plant genus. 

Species Distribution Center of Biome affinity New floral records 
abundance 

Bomb us AK,BC,AL,WA,OR, BC,WA,ID,CA Montane & Aralia in ZION 
centralis CA,ID,UT,NM,AZ boreal forest; 

Upper 
Sonoran 

Bomb us BC,AL,SA, W A, UT,NV Boreal & Aralia in ZION 
huntii OR,ID,MT,WY, montane 

CA,NV,UT,AZ,NM, forest; 
MEX sonoran & 

great basin 
desert .. ,· ... ~ 

,;. 

Bomb us AK,BC,WA,OR,ID, BC,WA,OR Montane & Dodecatheon in ZION 
melanopygus CA 

Bomb us BC,WA,OR,ID, CA,AZ 
morrisoni WY,CA,NV,UT, 

CO,NM,AZ 

Bomb us AK,BC,AL,SA,WA, BC 
occidentalis OR,ID,MT, WY ,CA, 

NV,UT,AZ,NM 

microhabitat complexity (Tables 5, 6) to develop a 
more explanatory classification system for hanging 
gardens of the Colorado Plateau. 

+ DISCUSSION 

No significant problems have been 
encountered. Field work for summer 1992 was 
hampered early in the season by rainy weather and 
later by logistical support problems at GLCA. 
Inadequate lab facilities at GLCA prevented efficient 
use of down time for specimen preparation and 
sorting. The vast number of insects collected demand 
a lot of preparation time which has put us behind our 
planned schedule. This is also the case for species 
identification at the Oregon State Systematic Lab 
(SEL). Identification of Apoid bees at the USDA 

boreal forest 

Montane none 
forest 
surrounding 
Great Basin 
desert 

Montane & Aralia, 
boreal forest Aquilegia, 

Mimulus, 
Dodecatheon in ZION 

Bee Lab in Utah State is up to date, and we plan to 
shift preparation emphasis to that group. A potential 
problem may exist in getting most specimens 
identified to species within the proposed three year 
time frame for project funding. This will be 
especially true if a significant number of specimens 
prove to be endemic to hanging gardens or new to 
science. In order to relieve some of the workload on 
the SEL at Oregon State, we plan to send insects 
collected from DINO next summer to Borris 
Kondratieff for identification at the Colorado State 
University Entomology Museum. This was suggested 
by Steve Petersberg, Resource Management Specialist 
at DINO since Dr. Kondratieff is currently working 
on a general insect survey at DINO. 

The first priority for the remainder of the 
reporting period is to identify the pressed plant 
specimens and to process the pitfall and malaise trap 
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Table 5. Geomorphic characteristics of ZION hanging gardens. Geologic formation characteristics as 
follows: Spbd = bedding planes within Springdale member, Kbd = bedding planes within Kayenta 
Formation, KIN = Kayenta-Navajo contact, Nxbd = Navajo crossbeds. Microhabitats: seep = ~eepline, 
ww = wet wall, I = ledge, Is = ledge/soil. 

Hanging Garden Size (ml) 

Pine Creek 72 

Upper Emerald 1170 

Lower Emerald 131 

Grotto 628 

Menu Falls 190 

Fall 274 

Falling Water 420 

Narrows Trail 383 

Trail's End 226 

Canyon Overlook I 4 

Canyon Overlook II 70 

Court Patriarchs 99 

Snail 61 

Kaye's 124 

Weeping Rock 812 

Hailstone 28 

insect collections. Analysis of vegetation ecology 
data and plant and insect biogeographic distribution 
patterns will follow. A literature search for both 
plant and insect species distribution maps and 

biogeographic affinities will continue. 

We contacted Jayne Belnap at CANY and 
Steve Petersberg at DINO last summer to make 
tentative plans for summer 1993 field season. Our 
reconnaissance work at CANY in 1991located large 
hanging gardens at CANY and ARCH. We have 
reconnaissance trips scheduled for late May and mid
June for DINO and have read Naumann's (1990) 
DINO flora report for locations of hanging gardens. 
We plan to finalize the field season plans next spring. 

Structure of primary Microhabitats present 
seep 

Spbd seep,ww,ls 

KIN seep, ww,l,ls 

Kbd seep,ww,ls 

KIN seep,ww,l,ls 

Kbd, KIN seep,ww,ls 

Kbd, KIN seep, ww ,l,ls 
', ..... ~ 

KIN seep,ww,l,ls rt 

KIN seep,ww,l,ls 

Nxbd seep,ww,ls 

Nxbd seep 

Nxbd seep,ww,l 

Kbd seep,ww,ls 

KIN seep,ww,ls 

KIN seep, ww ,l,ls 

KIN ww,ls 

Nxbd seep 
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Table 6. Geomorphic characteristics of GLCA hanging gardens. Symbols as in Table 4. 

Hanging Garden Size (m~ 

Dune 173 

Cross bed 115 

Rattlesnake 836 

Hardwood 1177 

Pedestal 269 

Zephyr 81 

Graffiti 44 

Upper Three 825 

Lower Three 162 

Surprise 150 

Ivy 70 

Baby 35 

Baby Too 38 

Zigy 1215 

Hook 351 

Hawk 193 

Swallow 52 

Ice 893 

Comer 249 

Channel 714 

Camp 341 

Pyro 37 

Boondoggle 17 
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seep 

Nxbd seep,ww,ls 

Nxbd seep,l,ls 

Nxbd seep,ww,l,ls 

KIN seep,l,ls 

KIN seep,ww,ls 

KIN seep,ww.ls 

KIN seep 

KIN seep,ww,ls 
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Nxbd seep,ls 
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KIN seep,ls 

Kbd seep 

Nxbd seep 

Nxbd seep, ww ,l,ls 

Nxbd seep, ww ,l,ls 

Nxbd seep,ww,ls 

Nxbd seep,ww,ls 

Nxbd seep,ww,ls 

Nxbd seep,ww,ls 

Nxbd ww 

KIN seep,ww,ls 

KIN seep,ww,ls 

KIN seep,ls 
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+ INTRODUCTION 

Plant-animal interactions vary strongly 
between habitat zones characterized by the duration 
of colonization (age-specific) within a black-tailed 
prairie dog (Cynomys ludovicianus) town (Cincotta et 
al. 1984). These interactions largely determine 
vegetation composition, diet composition and quality, 
and population demographics of habitat zones. The 
ecology of the black -tailed prairie dog in Badlands 
National Park (BNP) has been described by Cincotta 
et al. (1984) and Sharps and Uresk (1990). Yet, 
there is still uncertainty about the plant-animal 
relationships which underpin prairie dog carrying 
capacity in different habitat zones. · 

Understanding the variability in the ecology 
of black-tailed prairie dogs between habitat zones of 
mature towns is fundamental to successful 
reintroduction of the black-footed ferret (Mustela 
nigripes) into southwestern South Dakota. The 
predator-prey relationship between black -tailed prairie 
dogs and black-footed ferrets is dependent in large 
part l,lpon density of prey. Additionally, an 
understanding of black -tailed prairie dog population 
and foraging ecology will be a required contribution 
by BNP to the development of a multiple large and 
small herbivore carrying capacity management model. 

For the purposes of this proposal, carrying 
capacity is defined as an estimate of densities of 

prairie dogs supportable at different levels of forage 
availability and quality (Hobbs and Swift 1985). Of 
the habitat zones in an aging prairie dog town, the 
old-town centers (OTC) and young-town edge (YTE) 
zones offer the most widely differing habitat 
characterizations (Cincotta et al. 1984), and should 
provide the most interesting test of the effect of 
habitat quality on prairie dog carrying capacity. The 
objectives of this research are 1) To estimate the 
carrying capacity of black -tailed prairie dogs in 
different habitat zones of an aging town, and 2) To 
understand how vegetation characteristics and prairie 
dog feeding habits influence the number of black
tailed prairie dogs which can be supported in 
different habitat zones. 

BACKROUNDINFORMATION 

Baseline information about vegetation, diets, 
and population demographics of black-tailed prairie 
dogs in BNP is provided in Cincotta et al. (1984). 

VEGETATION COMPOSITION. YTE 
contain greater than 75% grass cover while OTC, 
which represent the strongest change in plant 
composition from uncolonized habitat, are 
characterized by greater than 75% forb cover. There 
is considerable interannual variation in aboveground 
standing crop within habitat zones but there is little 
difference in total growing season standing crop 
between YTE and OTC. 
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DIET COMPOSffiON AND QUALITY. 
Prairie dog diets generally consume greater than 85% 
grasses in their diets. However, prairie dog diets 
vary strongly between age-specific habitat zones. 
The ratio of forbs to grasses is approximately 0.2 and 
6.3 in YTE and OTC respectively. Highly selective 
feeding is expressed by prairie dog inhabiting age
specific habitat zones within a prairie dog colony. 
Within OTC, Agropyron smithii is generally the only 
grass of importance to total standing crop but is 
selected for highly. Conversely, in YTE, where 
animals have opportunity to feed in various habitat 
zones including uncolonized mixed prairie, A. smithii 
is a relatively unimportant diet constituent. Forage 
digestibility also varies with colony age and 
vegetation composition. YTE forage is characterized 
by approximately 20% digestibility whereas OTC 
forage is characterized by approximately 35% 
digestibility. These differences are attributable to the 
inherent differences in digestibility between grasses 
and forbs. Since digestibility is well correlated with 
energy, dietary energy should be greater in OTC than 
in YTE. 

POPULATION DEMOGRAPHICS. 
Juvenile recruitment in YTE is approximately two 
fold that of OTC. There is also a strong difference 
in immigration patterns between YTE and OTC. 
Numbers of female immigrants into YTE are much 
higher than expected from a random dispersal model 
whereas immigration into OTC is less than expected. 
Indeed, immigration of females into YTE is 
approximately eight times greater than that observed 
for OTC. 

CARRYING CAP A CITY. Given that prairie 
dogs maintain strong familial groups and appear to be 
limited to foraging with their coterie territory, how 
can similar densities of black-tailed prairie dogs be 
supported on strongly different habitat zones? Should 
differences in plant-animal interactions be reflected in 
variation in the carrying capacity of such habitat 
zones? Substantial differences in critical habitat 
nutritional variables suggest that this may be so. 
Carrying capacity of habitats for animals consuming 
diets at different levels of nutritional quality have 
been successfully predicted (Hobbs and Swift 1985). 
As such, habitats characterized by relatively lower 
forage quality but with higher biomass can support 
higher carrying capacities for animals consuming low 
quality diets. Conversely, habitats with lower 
amounts of high quality biomass may support more 

animals on a high plane of nutrition than expected 
solely on the basis of forage availability. It may be 
that differing age-specific habitat zones within a large 
colony provide compensating variables capable of 
supporting similar prairie dog densities. Planning for 
the successful reintroduction of black-footed ferrets 
into southwestern South-Dakota requires an 
understanding of the plant-animal relationships which 
may underpin prairie dog densities in age-specific 
habitat zones characterized by widely varying 
vegetation composition and quality and prairie dog 
feeding habits. 

+ METHODS 

CARRYING CAP A CITY. Carrying capacity 
is being determined using the algorithm descrjbed by 
Hobbs and Swift (1985). This model addreSses the 
question: How much food is present in the 
environment that will allow a population of animals 
to obtain diets averaging a specific level of some 
nutrient (Hobbs and Swift 1985)? The sampling 
protocol largely mirrors that used by Cincotta et al. 
(1984) in order to be able to compare results of this 
study with earlier work in BNP. 

All sampling occurred during late-July to 
early-August 1992, in six replicates paired in OTC 
and YTE habitat zones of BNP prairie dog town 
#SC12 (Tyree site). Each replicate included two grid 
cells, each cell 25 m x 25 m. Biomass of forages 
was estimated by clipping three 0.10 m2 plots per cell 
at peak standing crop biomass in late July to early 
August. Samples were oven-dried at 400 C for 48 
hours and weighed to the nearest 0.1 g. Dry matter, 
nitrogen (protein = N x 6.25), and energy will be 
estimated for these forages. The amount of food 
available which permits specific diet quality levels 
and carrying capacity will be calculated according to 
Hobbs and Swift (1985). Carrying capacity is 
estimated by dividing food supply by dry matter 
intake (Hobbs and Swift 1985). Estimates of black
tailed prairie dog requirements (dry matter intake, 
nitrogen, and energy) will be taken from the 
literature. 

Actual diet composition is being determined 
by estimating relative density of forages in prairie 
dog fecal samples. Composition of plant material in 
the feces will be estimated using the microhistological 
technique (Food Habits Laboratory, CSU). Density 



of prairie dogs in habitat zones was estimated by the 
visual count technique described for white-tailed 
prairie dogs by Menkens et al. (1990). Differences 
between observed and predicted diets and the effects 
of habitat zone are determined with paired t-tests. 
The relative importance of vegetation and population 
demographic variables (forage composition, forage 
biomass, forage quality, prairie dog recruitment and 
immigration [population data provided by Cincotta et 
al. (1984)]) to habitat zone densities will be also 
estimated. 

PRELIMINARY RESULTS AND 
INTERPRETATIONS 

Sampling substantiated that there are 
differences between OTC and YTE in forage 
composition· (Table 1). Grass contributed 40 times 
more biomass to YTE than OTC (t<.05>10=9.147, 
p=O.OO) while forb biomass did not vary (t(.05)to=-
0.450, p=0.66). There was no difference 
(t(.05)to=0.159, p=0.88) in visual counts of prairie 
dog density between OTC and YTE (Table 1). 
Visual count estimates (24 prairie dogs/hectare ± 12) 
are lower than estimates derived by BNP ( 46 prairie 
dogs/hectare) from a 1989 line transect survey 
technique (Biggins et al. 1991) of the Tyree town 
(Bruce Bessken, BNP, personal comm.) There were 
fewer burrows per hectare in YTE that OTC 
(t(.OS)lo=-2.763, p=0.02, Table 1). However, mean 
town-wide burrow density (no discrimination between 
habitat zones) (163±44) does not appear different 
from the number of burrows per hectare (161) 
observed by BNP staff during the 1989 line transect 
survey of the Tyree town (Bruce Bessken, BNP, 
personal comm. ). 

Preliminary results generally raise more 
questions that they answer. These data suggest that 
during late July to Early August, similar densities of 
black -tailed prairie dogs occupy habitat zones which 
vary strongly in forage composition. OTC sites are 
probably a less stable foraging environment than YTE 
because of the lack of perennial grasses. Hence, how 
do these coteries sustain themselves during the non
growing season in OTC when forb forages become 
unavailable? Perhaps, intra-town habitat use patterns 
vary seasonally with the availability of high quality 
forb forages in OTC. If so, temporal and spatial 
patterns of inter-town dispersal originating from 
larger, aging towns may differ from those patterns 
observed in young towns. Also, discrepancies in 
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prairie dog densities between the grid-cell visual 
count (Menkens et al. 1990) and line transect 
(Biggins et al. 1991) procedures suggests that there 
may be biases incorporated into either technique 
when applied to black-tailed prairie dogs which may 
result in inaccurate estimates. Yet, similarity in 
mean town-wide (no discrimination between habitat 
zones) burrows density suggests that the line transect 
technique overestimates prairie dog densities in large, 
aging towns where patterns of habitat use may be 
variable and unaccounted for. 

WORK REMAINING 

1. Analyze diet composition data derived from 
microhistological analyses of fecal samples. 

2. Analyze forage samples for nitrogen and energy-: 

3. Estimate fractional contribution of plant parts to 
total forage biomass. 

4. Complete carrying capacity simulation modelling. 

5. Estimate the relative importance of vegetation and 
population demographic variables (forage 
composition, forage biomass, forage quality, prairie 
dog recruitment and immigration) to habitat zone 
densities. 
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Table 1. Estimated forage composition (kg/ha) (August 1 - 5, 1993), black-tailed prairie dog density (#lha), and 
burrow density (#/ha) of the Tyree prairie dog town, Badlands National Park, SD. Estimates derived for old town 
center (OTC), young-town edge (YTE) habitat zones, and town-wide (no discrimination between habitat zones). 

Grass 

Forb 

Prairie Dog 
Density 

Burrow 
Density 

Burrow 
Density 

YTE1 

400 ± 90. 

970 + 280. 

24 ± 12. 

133 ± 28. 

Town-wide1 

163 ± 44 

OTC1 Town-wide2 

10 ± 10., 

1040 ± 230. 

24 ± 12. 46 

192 + 3~ 161 

Town-wide2 

161 

1- Derived from visual count sampling per replicate grid cell (25 m x 25 m) sampling design (Menk:ens et al. 1990) 
and destructive vegetation sampling. 

2- Derived from line transect sampling design described by Biggins et al. (1991). 

a- Mean pairs between treatments with different subscripts are significantly different (p < .05). 
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SUMMARY OF RESEARCH PROJECT 
ACCOMPLISHMENTS 

The list of rare and potentially rare plants in 
Bryce Canyon National Park was refined. A 
literature survey has been completed in order to 
determine plant species that have been considered 
rare, and. also plant species that are potentially rare. 
Refer to original proposal for citations. 

The herbarium at Brigham Young University 
was used to verify the identification of all specimens 
collected during the previous season within the 
boundaries of the park. Distribution and abundance 
patterns for all species collected was evaluated to 
determine if any other species should be considered 
as rare. 

Continued progress was made to determine 
distribution and abundance of rare plant species in 
Bryce Canyon National Park. 

Plant records of the small herbarium in the 
park were consulted and notation was made of the 
location and date of collection of each rare plant 
specimen. 

Additional plant records of the research 
herbarium at Brigham Young University were 
consulted and notation was made of the location and 
date of collection of each rare plant specimen. 

Permanent plots that were established during 
the previous field season were visited during this 
year's field work phase. Repair of permanent plot 
sites was required at the Chinese Wall location along 

the Fairyland Loop Trail. During the previoll$ field 
season five of the six species listed as rare. wer~ 
found in the park (Table 1). During this field season 
the sixth species was located and permanent plots 
have been established. 

Relative abundance values of all six rare 
species indicates that some are more rare than others. 

Geographic location of populations of all six 
rare species (Table 2) indicates that they are very 
closely correlated with edaphic factors, primarily 
substrate parent material. It is also noted that some 
of the species are commonly found along and even on 
heavily used trails. This may have some impact on 
management decisions relating to trail expansion and 
alternative trail usage patterns. 

Another objective of the season was to 
characterize habitat parameters of rare plant 
populations in Bryce Canyon National Park. 

Field notations were made on each rare plant 
population to determine temporal, edaphic, 
topographic, and biotic components. Phenology, soil 
parent material, root substrate material, aspect of 
slope, percent of slope, and associated species were 
noted for each rare plant population. 

In an effort to develop a long-term 
monitoring program for these populations in Bryce 
Canyon National Park permanent plots have been 
established for each rare plant population. The 
relative abundance of rare plants in each plot has 
been measured. This will provide a means of 
tracking the general health of rare plant populations 
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through time. 

SIGNIFICANT FINDINGS 

All six rare plant species were found in 
localities where they had been previously collected 
(fable 2). This verifies that they continue to exist 
within the park under current usage regimes. 

Permanent plots have been established for all 
six rare plant populations found (fable 2). From 
preliminary surveys it is possible that some of the 
species previously considered to be rare are more 
abundant than originally estimated. 

Appropriate habitat may exist for inclusion 
in the rare plant listing of additional species that are 
found in regions of similar habitat outside of the 
National Park boundaries. 

From preliminary surveys it is possible that 
rare plant populations are restricted to areas of the 
park that are currently experiencing very heavy use 
from foot and horse traffic. There has been some 
limited success at locating rare plant populations at 
some distance from these areas. Continued surveys in 
more remote regions of the park may uncover 
additional_rare plant pOpulations. 

PROBLEMS THAT IMPEDE PERFORMANCE 
AND CORRECTIVE ACTIONS 

Because of the ruggedness of the terrain, 
locating rare plant populations at some distance from 
established trails will involve more backpacking time 
and more preliminary detailed mapping. It was 
hoped that maps produced by the G .I. S. would be 
able to provide better predictors of potential areas of 
rare plant populations. Since the G.I.S. is currently 
undergoing reorganization, it was not possible to 
obtain the needed maps. We hope that G.I.S. maps 
will be available during the next field season so that 
back-country search time can be as efficient as 
possible. Lacking G.I.S. maps, researchers will use 
standard 7.5 minute topographic quadrangles. 

WORK TO BE PERFORMED DURING 
REMAINING REPORTING PERIOD 

Data from all plots and all species will be 
compiled in order to determine the current status of 
the distribution of each rare plant species in the park. 

Abundance measures and cover class values 
for each species will be computed. 

Lists of edaphic, topographic, and biotic 
determinants for each rare plant species will be 
compiled. 

Park habitats, as indicated on topographic 
maps and preliminary G.I.S. maps, will be evaluated 
for the possible occurrence of rare plant populations. 
A list of potential new localities will be compiled for 
survey attempts during the next two field seasons. 

+ EXECUTIVE SUMMARY 

Published papers in professional journals or 
research reports made to governmental agen~ies that 
specifically address the occurrence and distribution of 
rare plants in Bryce Canyon National Park have been 
consulted. A composite listing of all such taxa has 
been made. 

Herbarium records at the museum in Bryce 
Canyon National Park and at Brigham Young 
University have been consulted. Notation has been 
made of the distribution of each rare plant taxon, the 
time of anthesis, ecological parameters (when 
indicated), and associated species. 

Distribution pattern of known rare plant 
populations have been noted. Based on herbarium 
and literature records, specific localities within the 
park have been surveyed for rare plant populations. 

Additional areas, i.e. those for which no 
herbarium records exist, have been made known to 
the researchers by park personnel. These have been 
noted on maps and surveyed for rare plant 
populations. 

Twenty-seven (27) permanent plots have 
been established so that the same areas can be 
monitored for succeeding years. For each plot 
notation has been made of which rare plant species 
occurs there and the relative abundance of rare plants 
within a given area. 

Metal stakes with identification tags have 
been placed to mark the plot. At each stake location 
a rectangular plot has been described using meter 



tapes and compass headings. The number of plants 
of each species of rare plant taxon occurring within 
the plot was counted. Notation was made of the 
general condition of rare plants, i.e. if they were 
flowering, fruiting, desiccated, etc. 

Most rare plant populations surveyed during 
this field season are in proximity to established trails 
and roadways. For each population notation has been 
made of distance to nearest trail or other 
human/animal influence that may have a detrimental 
effect on the general health of the population. 

+ PRELIMINARY RESULTS 

In addition to the six species listed as 
endangered or threatened on the Federal Register 
(Categories 1 and 2) we have been able to identify 
other rare species in the vicinity of the park that 
occur on substrates similar to those found within the 
park. Some of these habitats will be able to be 
surveyed in the course of this study and the 
occurrence of any rare species will be reported. 

Field work conducted during June and 
August of 1992 has identified locations for rare plant 
populations within the boundaries of the park. All 
six plant taxa listed on the Federal Register as either 
Category I or II have been located and mapped 
during this field season. 

Twenty-seven permanent plots have . been 
established that contain populations of six rare species 
of plants. Most of these plots are in areas that have 
been identified previously as containing rare plants. 
The density of rare plants in a given plot appears to 
be dependent on the nature of the substrate and on the 
biological considerations of plant growth form. 
These permanent plots will be monitored by 
researchers for the duration of this study. Continued 
monitoring will be conducted by park personnel. 

Current threats to rare plant populations 
appears to originate from trampling by human foot 
traffic. Since many of the rare plant populations are 
located close to trails, and the plants occur on highly 
friable substrates, some populations are in danger of 
being buried by soil and talus on eroded slopes. 
There may be some danger to rare plant populations 
along cattle driveways, but more sampling is needed 
to determine actual and potential impacts. 
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+ INTERPRETATION 

Research on the rare plant survey of Bryce 
Canyon National Park is proceeding on schedule. 
Researchers have located all six rare plant taxa that 
occur in the park. Permanent plots have been 
established to monitor the general health of these 
populations on a continuing basis. 

Preliminary results indicate that all six of the 
rare plant taxa exist is stabilized populations in at 
least some area of the park. Certain areas, mostly 
those subject to detrimental periodic human impact, 
have weakened populations. It appears that the 
greatest limiting factor to rare plant population 
health, at least at this time, is related to vagaries in 
weather patterns. 

It is expected that an additional field seasons 
will result in the: 

-location of additional sites of rare plant 
populations 

-continued monitoring of established 
permanent plots 

-placement of additional permanent plots for 
all species 

-evaluation of current and potential threats to 
rare plant populations 

-formulation of recommendations to park 
personnel on suggested protocol for the 
preservation of rare plan populations 
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Table 1. List of additional rare plant species possibly found within park boundaries. (According to Welsh, S.L. 
personal communication). 

1. Astragalus limnocharis var. tabulaeus 

2. Cymopterus minimus 

3. Eriogonum aretoides 

4. Eriogonum panguicense var. panguicense 

5. Lepidium montanum var. neeseae 

6. Oxytropis oreophila var. jonesii 

7. Physaria chambersii var. sobolifera 

8. Ranunculus acris var. aestivalis 
yf'.,.-

' ~· 

9. Spiranthes diluvialis 

10. Heterotheca jonesii 

Table 2. List of rare plant species located in first two field seasons. 

Relative 
Number of Abundance 

Name Plots m2 per plant* 

Category 1 and 2 species: 

1. Castilleja parvula var. revealii 4 4.7970 

2. Cryptantha ochroleuca 2 2.1883 

3. Pediomelum pariense 8 0.2282 

4. Penstemon bracteatus 5 22.9091 

5. Silene petersonii var. minor 4 0.4601 

6. Heterotheca jonesii 4 0.1876 

Additional rare species: 

6. Townsendia montana var. minima 5 1.4733 

7. Oxytropis oreophila var. jonesii 2 0.5150 

* Estimates based on measured plant densities in individual plots. 
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+ INTRODUCTION 

The composition and distribution of plant 
communities across a natural landscape is determined 
by a complex interaction of environment, interspecies 
relations and disturbance. Environmental factors 
associated with particular locations, such as 
precipitation. and temperature regimes, limit the 
species which can occur at a given site to those with 
a metabolism suited to the environmental conditions. 
These environmental factors, while variable across 
the landscape, are relatively constant at a fixed point 
in space. Consequently, environment acts as a 
relatively constant constraint on vegetation 
distribution and composition. Within the usually 
large set of species which can exist at a given point, 
interspecies competition further limits the species 
present at a given time. The ecological 
characteristics of the species are also rather fixed, 
and the interspecies relations lead to a fairly 
directional and predictable change with time, i.e. 
succession. Disturbance reduces or eliminates some 
species directly, and leads indirectly to changes in 
composition through changes in the competitive 
hierarchy. In contrast to environmental and 
interspecies effects, the occurrence and effects of 
disturbance are highly variable, and depend in a 
complex way on previous disturbance and the current 
and previous vegetation. 

Historically, fire played an enormous role in 
determining the characteristics of vegetation in 
western forests. Additionally, fire suppression has 

,,._, 

preserved species which would have been reduced or 
eliminated under a regime of repeated burning, and 
has led to an increase in fuel loads in many natural 
communities. The high fuel loads cause relatively 
severe fires when fires do occur, causing relatively 
greater disturbance than occurred in the historical 
past. The results of these high intensity fires are 
very different from low intensity fires, with increased 
mortality of even fire-tolerant species, and 
occasionally catastrophic results. 

To evaluate the current landscape with 
reference to the historic landscape information is 
needed in several related areas. First, more baseline 
information is required on the historic vegetation 
mosaic. Specifically, what was the distribution of 
plant communities on the historic landscape, and what 
was the typical composition of these communities? 
Second, how does the pattern compare to the current 
pattern and how is this relation affected by the 
vegetation potential of the environment and the 
interspecies relations? How can natural ecosystem 
processes, including fire, be reintroduced so as to 
return the vegetation mosaic to one more similar to 
the historic vegetation mosaic? How can the 
guidelines which emerge from this information be 
implemented in an operational and spatially-explicit 
manner? These information needs are best met 
through a comprehensive information system 
incorporating the basic ecological relations of the 
vegetation and environment, fuel load accumulation, 
and fire behavior models. 
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+ OBJECTIVES 

The overall objective is to develop a 
comprehensive computer-based information system to 
provide spatially explicit information on historic, 
current, and potential vegetation composition, 
vegetation response to fire, fuel loads, and predicted 
fire behavior. 

Specifically, the objectives are: 

1. To develop a written and pictorial document 
to portray vegetation change in historical 
time. 

2. To map Bryce Canyon National Park to 
historic vegetation type by use of relocated 
historical photographs, inference from 
similar regions, and results from computer 
simulations using estimated fire return 
intervals. The historical vegetation is 
classified using the successional community 
type classification employed for the current 
vegetation map. 

3. To map fuel loads and fuel model types 
throughout Bryce Canyon National Park 
specifying weights for duff and litter, live 
and dead herbaceous vegetation, shrubs and 
small conifers by diameter class, and down 
woody material. 

4. To integrate the fuel and fire response 
models into the existing vegetation 
simulation model to improve simulation 
predictions for different fire regimes. 

+ STUDY AREA 

Bryce Canyon National Park occupies an 
area of approximately 14,250 ha on the east face of 
the Paunsaugunt Plateau in south central Utah. Bryce 
Canyon National Park was set aside for the 
spectacular erosional remnants (Hoodoos) along the 
scarp of the Plateau, and as a result the Park is 
generally long and narrow running primarily NNE to 
SSW. The Park consists of a strip of land on the 
Plateau top itself (varying from a few to several 
kilometers in width), the scarp of the Plateau, and a 
strip of land below the scarp to the east (also varying 

from a few to several kilometers in width). For 
detailed geology, topography, soils, climate, flora, 
and vegetation see Roberts et al. (1992b). 

+ RESULTS 

We relocated two series of historical 
photographs of Bryce Canyon National Park. All of 
the retakes were photographed in late summer of 
1989. See (Roberts et al. 1992b) for details about 
photograph reference numbers and exposures for each 
plate. The first series was shot during 1958 by W. 
B. Alcorn, and show the general scenery around 
Bryce Canyon National Park. While these 
photographs were not georeferenced except in a very 
general way, four of the photographs included 
landmarks which could be relocated in the field. 

1; 

The second series of photographs were shot 
by Dr. Hale Buchanan as part of his dissertation 
research in the year 1959. These photographs are 
typically of subjects closer to the camera, and show 
more detail but less overview than those by Alcorn. 
A total of IS of Buchanan's photographs were 
relocated; 13 of those locations are presented in 

. (Roberts et al. 1992b). 

RECONSTRUCTING THE HISTORICAL 
VEGETATION OF BRYCE CANYON 

Estimating the historical vegetation of Bryce 
Canyon required integrating information from three 
sources: (1) historical photographs, (2) computer 
simulation model outputs, and (3) inference from 
local and regional fire history studies. 

In general, the vegetation of Bryce Canyon 
has shown a steady successional development 
throughout the Park. The rates and extent of this 
development, however, vary considerably depending 
primarily on the number of species adapted to 
specific environments and the relative moisture 
availability on specific sites. Because more moist 
sites are more productive, they generally proceed 
faster than drier sites. Accordingly, the results will 
be discussed roughly in order of available moisture 
for those community types where sufficient 
information exists to estimate the historic vegetation. 

In the lower areas of the Park on xeric non-
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Plate 13A. Mixed Forest on Whiteman Bench (Roberts et al. 1992b) 
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Plate 13B. Mixed Forest on Whiteman Bench (Roberts et al. 1992b) 

The most noticeable element of change is the prese~ce of two large down trees in foreground and mid
ground. Several of the trees in the original photograph are now dead. Some filling of the meadow is evident. 



forest sites relatively little change has occurred. 
These sites, mostly BIG SAGEBRUSH/FOUR-WING 
SALTBUSHandCORYMBBUCHWHEAT/SALINA 
WILDRYE community types, probably do not bum 
often due to the isolated location and relatively low 
fuel loads. Buchanan (1960) discusses the grazing 
impacts on these areas, and it is probably true that 
some increase in shrubs occurred at the expense of 
palatable grasses during this grazing, but there is no 
strong evidence that the existing community has not 
recovered from the grazing in the past. Occasional 
trespass grazing still occurs . on these sites, but the 
overall impact on the vegetation is small. 

The flood-plain communities along the 
streams below the Breaks have been and are still 
subjected to a regime of alternating high sediment 
deposition and erosion (Buchanan 1960). 
Accordingly, these sites form a dynamic system of 
shifting vegetation, and are vegetated primarily by 
short-lived opportunistic species or long-lived woody 
plants such as ponderosa pine that withstand burial of 
the lower trunk. The environment on these sites is 
controlled primarily by the geology and climate, and 
has probably not been significantly affected by either 
changes in the fire or grazing regime. 

The majority of the area below the rim of 
the plateau is dominated by the PINYON PINE I 
UTAH JUNIPER community type. In this type the 
photographic evidence suggests that slow but steady 
increases in the basal area occurred for both pinyon 
pine and Utah juniper. An analysis of fire scats and 
tree age class distributions in this type (Roberts et al. 
1992a) shows that fires have been relatively 
infrequent for the last several hundred years, and that 
the current vegetation is probably typical of the 
historical vegetation, although slightly denser. We do 
not believe that Park management has significantly 
influenced the pinyon juniper woodlands in Bryce 
Canyon National Park. 

Above the rim the non-forest communities 
are dominated by the BLACK SAGE/NEEDLE
AND-THREAD community type. This community 
type was subjected to some grazing pressure up until 
. fairly recently (Buchanan 1960), but has probably not 
significantly changed due to this influence. Clearly, 
this community type has not burned often in the 
recent past, as the dominant black sage is sensitive to 
fire. There is evidence of invasion of the BLACK 
SAGE/NEEDLE-AND-THREAD community type by 
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ponderosa pine in the vicinity of the administration 
building, possibly as a consequence of fire 
suppression (Wight 1989). However, our impression 
is that this area has changed relatively little in historic 
time. 

The lower elevation forest communities are 
dominated by ponderosa pine and Rocky Mountain 
juniper woodlands and forests. Here both the 
photographic evidence and the community 
composition indicate significant changes in historic 
times. Where in the past the regeneration has been 
primarily episodic with few cohorts escaping the 
frequent fires to achieve sufficient size to become fire 
resistant, we now observe significant waves of tree 
regeneration for much of the last 100 years. Where 
we would expect relatively sparse woodlands of 
mostly large ponderosa pine we now see relatii(ely 
few large ponderosa pine in the overstory with 
abundant saplings and small trees in the understory. 
The community type classification is insensitive to the 
overall increase in tree abundance, however, and 
shows no change due to this increase alone. While 
ponderosa pine is relatively fire resistant, Rocky 
Mountain Juniper is much less so. In the absence of 
fire Rocky Mountain juniper appears to have 
increased its abundance throughout the ponderosa 
pine forest. Accordingly, we believe that fairly large 
areas (approximately 1800 ha) of PONDEROSA 
PINE/PONDEROSA PINE community have shifted 
to the ROCKY MOUNTAIN JUNIPER/ 
PONDEROSA PINE community type in the recent 
past. 

With increasing moisture ponderosa pine and 
Rocky Mountain juniper are joined by Douglas-fir. 
Throughout the Douglas-fir series (sites where 
Douglas-fir is the expected climax dominant) 
evidence of fire is observed. On sites with an 
understory dominated by greenleaf manzanita, 
evidence of fire is abundant (Roberts et al. 1992a). 
Fire suppression over the last 100 years appears to 
have increased the abundance of relatively fire 
sensitive Douglas-fir on these sites at the expense of 
ponderosa pine (Roberts et al. 1992a). Accordingly, 
we believe that areas (approximately 540 ha) 
previously in the PONDEROSA PINE/PONDEROSA 
PINE community type have shifted to the 
PONDEROSA PINE/DOUGLAS-FIR community 
type in the· recent past. 

On still more mesic sites white fir joins the 
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other conifers, and quaking aspen occurs. White fir 
is the least fire tolerant conifer, and quaking aspen 
stems (but not root systems) are extremely fire 
sensitive. The two species differ, however, in their 
response to the fire regime. Frequent fires serve to 
regenerate the aspen, which would othetwise 
succumb to competition from the more shade tolerant 
conifers. Thus fire is essential for maintaining aspen 
on these landscapes. In contrast, frequent fires tend 
to remove white fir from an area, and may reduce the 
seed source for this species to the point that white fir 
may be eliminated from an area by frequent fires. In 
the absence of fire, white fir is the most shade 
tolerant species and will come to dominate most sites. 

Evidence of fire in the white fir series (areas 
where white fir is the expected climax dominant) in 
Bryce Canyon National Park is variable (Roberts et 
al. 1992a). On most sites with understories 
dominated by greenleaf mannnita, snowberry, or 
Oregon grape (Mahonia repens), evidence of fire is 
generally present. On more mesic sites with 
understories dominated by common juniper 
(Juniperus communis) evidence of fire is lacking. 
Evaluation of the historic photographs and analysis of 
the age class distributions (Roberts et al. 1992a) 
demonstrates that throughout these mesic sites 
quaking aspen is succumbing to competition from 
conifers and being lost. Additionally, white fir 
appears to the species exhibiting the greatest increase 
in abundance. Accordingly, we believe that many 
areas which may once have had quaking aspen now 
have none, and that other areas where aspen was 
dominant or abundant now have relatively small 
amounts of aspen left. Accordingly, we believe that 
.areas in the QUAKING ASPEN/QUAKING ASPEN 
and QUAKING ASPEN/PONDEROSA PINE 
community types (approximately 110 ha) have been 
significantly reduced in area, and have converted into 
QUAKING ASPEN/WHITE FIR, PONDEROSA 
PINE/WHITE FIR, or DOUGLAS-FIR/WHITE FIR 
community types. 

Other areas in the white fir series lack 
aspen, and were probably historically dominated by 
ponderosa pine. These areas have experienced a 
decrease in regeneration of the relatively shade 
intolerant, fire tolerant ponderosa pine and an 
increase in the abundance of white fir. Accordingly, 
we believe that relatively large areas (approximately 
1600 ha) have converted from the PONDEROSA 
PINE/PONDEROSA PINE and PONDEROSA 

PINE/DOUGLAS-FIR community types to the 
PONDEROSA PINE/WHITE FIR community type. 

In summary, successional development in the 
absence of fire has modified the Bryce Canyon 
Landscape to a significant extent. On dry sites, this 
development has been relatively slow, and species 
conversion has not generally occurred. On more 
moist sites the development has been significantly 
faster and species conversion has ·been CQmmon. 
Generally, there has been a decrease in quaking aspen 
and an increase in white fir across these mesic sites. 

MAPPING THE HISTORIC VEGETATION OF 
BRYCE CANYON 

The map of historical vegetation of Bryce 
Canyon was prepared by converting &n·"-existing 
digital community type map of Bryce'" Canyon 
(Roberts et al. 1992a) according to the information 
described above. Specifically, we converted: 

1) ROCKY MOUNTAIN JUNIPER/PONDEROSA 
PINE to PONDEROSA PINE/PONDEROSA PINE 

2) PONDEROSA PINE/DOUGLAS-FIR to 
PONDEROSA PINE/PONDEROSA PINE 

3) PONDEROSA PINE/WHITE FIR to 
PONDEROSA PINE/PONDEROSA PINE 

4) ROCKY MOUNTAIN JUNIPER/WHITE FIR to 
PONDEROSA PINE/WHITE FIR 

5) DOUGLAS-FIRIWHITE FIR to PONDEROSA 
PINE/WHITE FIR 

6) LIMBER PINE/WHITE FIR to PONDEROSA 
PINE/WHITE FIR 

7) QUAKING ASPEN/DOUGLAS-FIR to 
QUAKING ASPEN/PONDEROSA PINE 

8) QUAKING ASPEN/WHITE FIR to QUAKING 
ASPEN/PONDEROSA PINE 

9) QUAKING ASPEN/BLUE SPRUCE to 
QUAKING ASPEN/QUAKING ASPEN 

After conversion of specific community types 
we dissolved the boundaries between polygons which 
were previously different community types but which 



had been converted to the same community type. 
The map shows that the historic vegetation of Bryce 
Canyon was probably much simpler than that which 
occurs at present (Roberts et al. 1992a). Specifically, 
where currently six different community types in 
aggregate cover over 80% of the Park (Roberts et al. 
1992a), on the historic map only three community 
types are sufficient in aggregate to cover greater than 
85% of the Park. 

Additionally, on the current community type 
map a total of 27 community types occur; on the 
historic map that number is reduced to 20. As a 
basis for comparing landscape diversity, we 
calculated the fraction of the Park area in each 
community type for each map and then calculated a 
Shannon-Weiner diversity index on those fractions. 
Where the current community type map has a 
diversity of 2.1205, the historic map has a diversity 
of only 1.4559. 

The primary reason for this simplification is 
· a homogenization of the landscape with frequent 
fires. Ponderosa pine is the dominant species on 
drier forest sites regardless of fire regime. On wetter 
sites ponderosa pine is the dominant species with 
frequent fire, while white fir is the dominant species 
in the absence of fire. Accordingly, frequent fires 
increase the similarity of wet and dry sites by 
favoring the dominance of ponderosa pine. While 
absence of fire appears to have reduced the 
abundance of quaking aspen, and thus reduced 
diversity, it has more than offset this reduction by 
allowing for the differentiation of wet sites into 
different community types. Theoretically, with 
continued fire suppression landscape diversity will 
again go down, when white fir dominates all the 
mesic sites, but this may never occur. 

MAPPING FUEL LOADS AND FUEL MODELS 
THROUGHOUTBRYCECANYON 

Fuel loads were estimated for each fuel class 
in each community type. Because of the number of 
potential fuel maps, we did not produce individual 
fuel load maps. Rather, we added the fuel load data 
to the community type map data base. Fuel class 
load can be found by determining the community type 
and looking up the fuel load values in (Roberts et al. 
1992b). Since each community type corresponds to 
a specific fuel type, we constructed a fuel type map 
for Bryce Canyon by recoding the community type 
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map to fuel type and dissolving boundaries between 
adjacent polygons which converted to the same fuel 
type. 

INTEGRATING THE FUEL MODEL AND FIRE 
BEHAVIOR 

Predictions into the Simulation Model 

Roberts et al. (1992a) described a vital 
attributes-based forest simulation developed for Bryce 
Canyon. A key element of the model is that fire 
intensities are estimated for each habitat type as a 
function of fuel accumulation, which is in tum 
estimated from site productivity and time since last 
fire. In the initial development of the model the fire 
severities were estimated qualitatively from minimal 
data. 

The key to integrating the fuel load and fire 
behavior predictions from this study into the 
simulation model is cross-referencing the community 
types. Specifically, each community type belongs to 
a specific fuel type with characteristic fuel loads by 
fuel class, rates of spread, and fire intensity. Each 
community type also occupies a specific position in 
the successional development of communities on each 
habitat type. Accordingly, it is possible to estimate 
the time at which each community type occurs in the 
successional development of specific habitat types 
from the succession model, and to employ the fuel 
load estimates from this study as the available fuel in 
the simulation model. 

The fuel load program provides specific 
values for fuel loads in each fuel class, and the fire 
behavior program predicts specific values for rate of 
spread and fire intensity under specific environmental 
conditions. Unfortunately these values do directly 
relate to biological response of vegetation. 
Accordingly, the successional simulation model was 
used to estimate years of transition from one 
community type to another, and the fuel model data 
were used to estimate qualitatively the biological 
response of the simulated tree species. Despite the 
lack of quantitative correspondence, the fuel load data 
resulted in a significant improvement to the behavior 
of the succession model. 
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• INTRODUCTION 

White-tailed ( Odocoileus virginianus) and mule 
deer (0. hemionus) currently use Devils Tower 
National Monument and adjacent private agricultural 
lands year round or migrate from the Monument to 
other areas. In 1989, a game fence was constructed 
on the west and north borders of the Monument. 
Enclosure of the Monument by additional fencing 
could alter habitat use of deer substantially and create 
many of the problems associated with island reserves. 
National Park Service management policy directs the 
Monument to predict changes in the natural resources 
under its stewardship. Current deer use of the 
Monument is not well documented so that a baseline 
for monitoring long term changes is lacking. 

The Department of Zoology and Physiology at 
the University of Wyoming and the Wyoming 
Cooperative Fish and Wildlife Research Unit, in 
cooperation with the Devils Tower National 
Monument, initiated a study in June 1990 to 
document current population numbers and habitat 
ecology of white-tailed and mule deer on the 
Monument. Objectives of this study are to: 

(1) Evaluate methods to estimate seasonal deer 
densities on the Monument. 

(2) Determine seasonal movement patterns and time 
spent on and off the Monument by radio
collared deer. 

,, 

(3) Determine deer habitat selection patterns of deer 
on the Monument. 

( 4) Estimate the nutritional carrying capacity of the 
Monument for deer. 

Preliminary data on population estimates, 
movement patterns, and habitat use patterns of deer 
using the Monument during 1990-1991 were 
presented in the 1991 Annual Progress Report. This 
report presents additional data on the population 
numbers for the period April 1992 to October 1992 
and describes vegetation data collected but not yet 
analyzed. 

+ STUDY AREA 

Devils Tower National Monument is located in 
Crook County Wyoming, approximately 10 miles 
west of the Bear Lodge Mountains. The area 
comprises 5.45 km2 within the Belle Fourche River 
drainage. It is well known for it's unique geological 
formation, a 264 m high monolith of igneous rock 
named Devils Tower. Because of the interest in the 
natural resources at Devils Tower, the area was 
proclaimed a National Monument in 1906. The 
management goal of the National Monument is to 
preserve the natural processes and cultural objects 
while providing for visitor enjoyment of the area. 
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The Monument is · characterized by varied 
topographic relief from steep slopes to flat 
bottomlands. The Belle Fourche River is the major 
wateiWay along the southeast border of the 
Monument. Elevation of the Monument area rises 
from 1173 m along the Belle Fourche River to 1341 
mat the base of Devils Tower. Annual rainfall is 38 
em to 51 em and maximum snowpack is 102 em 
(National Park Service 1991). 

Vegetation on the Monument includes 
interspersed stands of Ponderosa pine (Pinus 
ponderosa) forests, pine savannahs, bur oak (Quercus 
macrocarpa) woodlands, upland grasslands, and 
lowland floodplains. All land adjoining the 
Monument is privately owned except 160 acres along 
the southeastern border which is Wyoming state trust 
land. Land use is dominated by live8tock grazing or 
alfalfa or grain production. Irrigated hay fields occur 
within less than a 1.5 km of both the south and east 
borders of the Monument. 

+ METHODS 

POPULATION NUMBERS 

Three methods were used to estimate deer 
densities on the Monument during the reporting 
period. On 25 April 1992 and 10 October 1992 
complete counts of deer on the Monument were 
conducted using a drive count approach. Observers 
were positioned at intervals along all borders of the 
Monument except along the western boundary that is 
bordered by an 2.6 m fence. Observers along the 
southern and eastern borders remained stationary 
while "drivers" walked from the northern border 
southward, maintaining a straight line as they moved. 
Consistency in movement and distance . between 
"drivers" was facilitated by communication with 
hand-held radios among "leaders". 

Deer that passed back through the "drivers" and 
between stationary observers along the Monument 
borders were counted. Observers counted deer 
passing only to their right to avoid duplicating the 
number of deer counted. Communication among 
participants decreased the possibility of counting the 
same deer more than once or not detecting escaping 
deer. Deer were classified by species or listed as 
unclassified. 

The second method used to estimate deer was 
pellet group counts. On 10 October 1992, 130 plots 
~ere sampled. Number of deer using the Monument 
was calculated assuming a deposition rate of 15 pellet 
groups per deer per day (Robinette et al. 1958}, an 
area of the Monument of 5.43 J.an2 (which excludes 
Devils Tower) and a period of 182 days. Estimation 
of sample sizes .needed for 90% confidence intervals 
within 10% of the estimate were calculated following 
Christensen (1977). 

The third approach to estimating deer densities 
was the line transect (Burnham et al. 1980). 
Transects were located within 3 evenly divided 
segments of the Monument, and oriented either north 
to south or east to west. Routes extended the 
approximately 2.4 km across the entire length of the 
Monument. Routes were walked between qsoo am 
and 1400 hours within a 10 day period. Eighteen 
transects were surveyed each month between May 
and October 1992. 

Number of deer per group, species, sight 
distances to group centers, compass bearings to the 
group center, and predominant vegetation in which 
deer were observed were recorded for each group 
observed. Group location was plotted on an aerial 
photo. A group was defined as deer that were within 
30 m of each other. Sight distances were measured 
using a range finder or visually estimated if< 46 m. 
Data were analyzed with the program DISTANCE 
(Laake et al. unpubl.) to estimate deer densities. 
Based on our field data, we used a negative 
exponential function to describe the probability of 
sighting deer groups. The average number of deer 
on the Monument during the sample period was 
calculated each month and season by multiplying 
density estimates by the measured area of the 
Monument excluding Devils Tower (5.32 km~. 
Coefficients of variation (C. V.) were calculated by 
the program to evaluate the relative precision of 
density estimates. 

MOVEMENT 

Deer movements were monitored by locating 12-
14 radio-collared white-tailed deer and 2-4 mule deer 
4 times during 2.5 day-intervals every 10 days in 
April through June. Locations were obtained during 
both the day and night for each deer. Locations will 
be entered into a geographic information system 
(GIS) to analyze seasonal home ranges and habitat 



selection patterns. 

VEGETATION SAMPLING 

Vegetation on the Monument was delineated into 
8 different cover types according to overstory and 
understory species. Boundaries were digitized from 
a 1991 infra-red, aerial photograph and ground 
surveyed in March, July and August using a Global 
Positioning System (GPS, Trimble Navigation). Five 
non-vegetative types (Tower, pavement, water, etc.) 
were also defined. Location and boundary 
descriptions of cover types were entered into the GIS. 
Cover types were overlayed on a digital elevation 
model for the Monument. 

We sampled additional sites within the 8 cover 
types during June and July to estimate forage 
availability on and adjacent to the Monument. 
Herbaceous biomass was clipped in eight 0.25 m2 

microplots located systematically along a 20 m 
transect within the cover type. Forb species were 
collected separately while grasses were composited, 
oven-dried, and weighed to the nearest 0.1 g. Shrub 
densities and number of twigs and leaves per plant 
were counted within 3 height strata ( <0.25m, 0.26-
0.5m, and 0.5-1.8m) within a 314 m2 plot. Fifty 
twigs and leaves were collected from each site, oven
dried, and weighted separately to the nearest 0.01 g. 

FOOD HABITS 

Pellet group samples were collected each month 
on the Monument from June 1991 to May 1992. 
Pellet samples will be analyzed microhistologically to 
identify forage species eaten by deer. Twenty fresh 
pellet groups were collected each month from each of 
4 quadrants of the Monument (northwest, southwest, 
northeast, southeast). Four composited samples per 
month and 12 per season were obtained by combining 
5 pellets from 5 pellet groups from each of the 
quadrants (n = 20 pellet groups/sample). After 
collection, pellets were oven-dried, ground to < 1 
mm particle size, and sent to Colorado State 
University for analysis. 

Collections of forage species for nutritive value 
(digestibility and crude protein) will be made 
seasonally during 1991 and 1992. Forage samples 
were oven-dried at < 50 o C within 20 minutes of 
collection. These data will be used to make 
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preliminary estimates of nutrient availability within 
cover types. 

+ RESULTS AND DISCUSSION 

DEER DRIVE COUNT 

During the 25 April 1992 deer census, 162 
white-tailed deer, 12 mule deer and 7 unclassified 
deer were counted using 33 participants. Twenty-five 
people were positioned as "drivers" and walked 
through the Monument spaced at approximately 100 
m intervals. The drive was completed in 2.5 hours. 
Sixty-five more white-tailed deer and 10 more mule 
deer were counted on the Monument during the 
spring 1992 census than the spring of 1991 census. 
The increase in white-tailed deer may reflect ~ 
increase in the number of deer that survived the mild 
winter of 1991-92. 

The drive count on 10 October 1992 used 40 
people and took 3.0 hours. Thirty-five people were 
positioned along the northern border of the 
Monument at approximately 70 m intervals and 
served as "drivers". One hundred and twenty-nine 
white-tailed deer, 5 mule deer and 1 unclassified deer 
were counted. Twenty-nine less and 12 more white
tailed deer were observed during this fall census than 
the fall1991 and fal11990 census, respectively. 

PELLET GROUP COUNTS 

For the period between October 1991 to April 
1992, an average 8.2 pellet groups were counted per 
plot. Number of deer using the Monument during 
this period was 122 with a coefficient of variation of 
16%. Pellet group counts indicated more deer were 
using the Monument in the winter of 1991-92 than in 
the winter of 1990-1991. Average number of pellet 
groups counted per plot in October 1992 was 3.43. 
Estimated number of deer using the Monument 
during the period April 1992 to October 1992 was 68 
deer with a coefficient of variation of 24 %. Based 
on pellet counts, about the same number of deer used 
the Monument in the summer of 1992 as in the 
summer of 1991. 

LINE-TRANSECT 

Monthly estimates of white-tailed deer on the 
Monument during the summer of 1992 peaked at 137 
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Table 1. Densities of white-tailed deer and coefficient of variation (C.V.) at Devils Tower National Monument 
estimated from line transects using the program DISTANCE (Laake et al. unpubl.).• 

Total of Number of 
Line Deer per Estimate of 

Number of Length Total Deer Group deer Total Number 
Lines (km) Counted per ofDeerl' 

Month kml cv 

Mar92 18 36.6 65 2.83 28.9 28 154 

Apr 92 18 38.6 63 2.42 17.4 38 95 

May92 18 38.6 50 2.17 16.1 38 87 

Jun 92 18 38.6 35 1.52 13.8 39 75 

Jul92 18 38.6 55 1.96 25.3 25 137 

Aug92 18 38.6 43 1.87 19.3 41 105 

Sep 92 18 38.6 82 3.15 13.1 53 71 

Spring: 54 115 178 2.51 12.6 25 67 

Summetl 54 115 133 1.80 19.2 19 101 

• only deer within 200 m perpendicular distance of transect line are included in counts 
b calculated by multiplying the estimated number of deer per Irnr by the area of the Monument (5.32laJi!) 
c combined months of March, April, and May (1992) 
d combined months of June, July, and August (1992) 

in July and declined to 71 in the fall (fable 1). 

Despite our increase from 12 to 18 transects per 
month, only seasonal estimates of white-tailed deer 
had acceptable coefficient of variations ( < 20%). 
Monthly estimates of mule deer using the Monument 
ranged from 0 to 21, with estimates being highly 
imprecise (C.V. > 84 %). The lack of precision is 
due to the low mule deer densities. 

MOVEMENT PATTERNS 

Movement patterns of deer during the spring of 
1992 were similar to those of past years. Two radio
collared white-tailed does (the same ones that moved 
last year) moved 8 km to the east of the Monument 

to summer. Two mule deer which wintered off the 
Monument the previous winter, returned to the 
Monument in June. These data suggest there are 
seasonal shifts of individual deer on and off the 
Monument. 

COVER TYPE DESCRIPTION AND 
VEGETATION SAMPLING 

We used the GPS to map locations of stands of 
bur oak, chokecherry (Prunus virginiana), american 
plum (P. americana), aspen (Populus tremuloides), 
and silver sage (Artemisia cana) on the Monument. 
We are currently processing the raw data generated 
by the GPS system to map these communities in the 
GIS. Data collected on forage availability within 



cover types has not yet been analyzed and will not be 
presented in this report. 

FUTURE WORK 

We completed most of our field sampling in 
October and have focused our efforts on data 
analysis. Because of the lack of snow last winter, 
field work this winter will include measuring snow 
accumulation at locations on the Monument which 
represent different vegetation and physiographic 
features. 

We expect to complete our comparison of 
population monitoring techniques in March 1993 and 
our estimates of deer carrying capacity on the 
Monument in August 1993. Additional analyses of 
deer habitat selection will be available by December 
1993. 
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SUMMARY OF PROJECT TO DATE 

OVERALL PROGRESS 

The paleontological survey of the Morrison 
Formation within Dinosaur National Monument 
(DINO) was planned as a three-year project. The 
objectives of the project have been to exhaustively 
search the exposures of the Morrison Fm. within 
DINO for fossil occurrences of any sort and to 
document in the files of the monument all known and 
newly discovered localities. This is the third and final 
year of the project. The work of the previous two 
years has been described in semiannual and annual 
reports and summarized in the 14th and 15th Annual 
Reports of the Research Center (Engelmann 1991, 
1992). 

During the frrst field season, a field assistant 
and I surveyed approximately 40% of the area of 
surface exposures of the Morrison Fm. within the 
boundaries ofDINO. This includes exposures east of 
the Carnegie QuarryNisitor Center (CQ) along the 
south side of Split Mountain, at Deerlodge Park and 
in the headquarters area. One hundred sixty-four 
paleontological localities were documented in the first 
year. Most of these were occurrences of dinosaur 
bone or silicified wood. Approximately one third of 
the localities recorded had been known prior to the 
survey. Some of these had never been documented 
and about forty had been reported in a survey 
conducted in 1984. The remainder were newly 
discovered sites. 

During the summer of 1991, my fitUd 
assistant and I inspected all Morrison outcrops within 
DINO along the north side of Split Mountain. We 
also inspected exposures along the east side of 
Rainbow Draw within DINO administrative 
boundaries but held by the state of Utah, and 
recorded a few localities just outside DINO 
boundaries in this area. On the south side of Split 
Mountain, we began working westward from the CQ 
but did not get very far in that direction. Altogether, 
I estimate that approximately 4 km2 of area was 
surveyed during 1991. The first two years of work 
covered approximately 75% of the area to be 
surveyed. 

Within the area covered during the 1991 
field season we recorded 109 localities. As in the first 
year of the survey, most of the localities recorded 
during the 1991 field season were occurrences of 
dinosaur bone (present at 74 sites) or silicified wood 
(present at 33 sites). About ten of these localities can 
be identified with varying degrees of certainty with 
sites found by the Milwaukee Public Museum survey 
conducted in 1984. Several other sites recorded by 
that survey within the area of our field work were 
sought but could not be relocated. 

During 1992, the final field season, we 
examined exposures from the CQ westward to the 
monument boundary. This completes the field work 
for the survey, as all accessible exposures of the 
Morrison Fm. within DINO, an area estimated at 
roughly 8 km2, have been examined at close range 
for surface occurrences of fossils. Eighty-four 
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localities were documented during 1992. Of the 84 
sites recorded, dinosaur bone was found at 52 and 
silicified wood at 19. 6 sites had non-dinosaurian 
vertebrate remains, 5 were occurrences of 
invertebrates, and there were 6 sites representing 
other types of fossil material, carbonized plant, 
coalified wood or traces. About 8 of the localities 
could be identified with localities reported by the 
1984 survey. There was some difficulty in relocating 
sites from that survey. 

Localities were documented in the same 
manner throughout the project, by notes written in 
the field, by location ·On topographic maps and by 
photographs of the site and the surrounding area. 
Unique locality numbers have been assigned and 
verbal site descriptions have been entered into the 
computerized locality files at DINO. A small number 
of specimens were collected and have been cataloged 
and deposited in the collections at DINO. One 
variation on the general procedure described above 
that was attempted during the 1992 field season was 
the use of the Global Positioning System (GPS) to 
document localities. A GPS field unit was available 
to us during this season and as a small pilot project 
we logged about 30 selected localities as GPS files. 

SIGNIFICANT FINDINGS 

The area surveyed during the final field 
season was much like that surveyed during the first 
year, in that all of the members of the Morrison Fm. 
were well exposed within the outcrop area. Indeed, 
the area west of the CQ is a continuation of outcrop 
surveyed during the first' year and is exposed in much 
the same way. In contrast, as noted in previous 
reports, the area surveyed during the second year was 
dominated by exposures of the Salt Wash Mbr., as 
the Brushy Basin Mbr. was poorly exposed or absent 
over much of the area. 

On the whole, the observations made during 
this field season have continued to corroborate the 
interpretations derived from the work of the previous 
years. The nature of the fossil occurrences with 
respect to abundance, taxonomic representation, 
preservation, lithologies and stratigraphic distribution 
were consistent with previous findings. 

As noted above, dinosaur bone is quite 
common within the Morrison Fm., occurring 

throughout both the Salt Wash and Brushy Basin 
members. Within the Salt Wash, these occurrences 
are confined to the sandstone units which dominate 
that member and which seem to be distinguishable as 
lower, middle and upper sandstones. Within these . 
sandstone units, prominent, ridgeforming 
conglomeratic lenses most consistently show surface 
indications of bOne, to the extent that the 
orange-weathering exposures of this facies virtually 
always have bone fragments at the surface. 

I believe that the explanation for this is that 
bones and bone fragments were transported and 
deposited as clasts in these coarse sediments. 
Consequently, much of the fragmentary bone on the 
surface is derived from equally fragmentary material 
in the unweathered rock. The observation of 
taxonomically-unidentifiable, pebble-sized (@gments 
of bone in place in the conglomerate tends tb support 
this interpretation. In most cases, only a single 
locality number has been assigned to the entire 
contiguous exposure area of such horizons rather than 
recognizing separate localities for each fragment of 
bone. This was done so that fragmentary material 
would not inflate locality numbers in a misleading 
way. On the other hand, not all fragmentary material 
has such a fragmentary origin. Identifiable single or 
multiple elements do occur within the conglomeratic 
horizons and may provide no more surface indication 
than bone fragments. Only excavation can 
conclusively determine the extent and condition of the 
specimen. 

Silicified wood is also common in the same 
Salt Wash sandstone bodies. Wood occurs as logs, 
which may be quite large, or as small fragments. 
Preservation varies from coarse replacement that 
leaves a sugary texture to very fine grained silica that 
preserves fine structural details. 

Coalified wood (and sometimes carbonized 
bone) is common in these sandstones, and these and 
other organic conCentrations are often associated with 
or impregnated by gypsum. These occurrences 
invariably produce a distinctive yellow stain in the 
sediment on weathering, probably the result of 
oxidizing reduced iron compounds. The yellow 
patches are easily recognizable at a considerable 
distance, revealing the location of the organic 
concentration and often silicified wood in close 
association. 



Dinosaur bone and wood are again the 
commonest fossils in the Brushy Basin Mbr. where 
they occur within the sandstones, but also in the 
finer-grained siltstones and mudstones. With the 
possible exception of the channel sandstone that 
contains the CQ, no persistent fossiliferous horizons 
similar to those in the Salt Wash are recognizable. 
Specime~s tend to be isolated occurrences. The bone 
is often well preserved, sometimes heavily agatized. 
Wood is usually well preserved with very fine 
grained silica. 

Unlike the Salt Wash, invertebrates (mostly 
gastropods) and invertebrate traces can be found 
within the Brushy Basin. Invertebrate localities are 
not numerous, but specimens may be abundant where 
they occur. In some cases, gastropods are well 
preserved, but most often show up at the surface as 
steinkems. 

Many of the occurrences of dinosaur bone 
could yield taxonomically identifiable specimens if 
excavated, and should be inspected more closely on 
a systematic basis. This is particularly true for the 
Salt Wash localities because the record for dinosaurs 
in this unit is relatively poorly known. Well 
preserved invertebrates and plant specimens are 
present, and could provide the basis for a useful 
study. 
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+ ABSTRACT 

Search for new tracksites has now revealed 
a total of 25 localities in the . older Mesozoic 
sedimentary rocks of Dinosaur National Monument 
(DNM). To date, tlie most productive units have 
proved to be the Late Triassic Chinle Group and the 
mainly Early Jurassic Glen Canyon Group in the 
western part of DNM. In addition several sites, that 
are an integral part of the overall paleontological 
picture, have been found just outside the boundaries 
of DNM. All these sites (and stratigraphic levels) 
add up to a total of about 45 tracksites in the DNM 
area. 

Chinle sites have now yielded dozens of 
trackways of theropod dinosaurs, ?prosauropod 
dinosaurs, mammal-like reptiles, ?phytosaurs, 
aetosaurs, lepidosaurs and tanystropheids, producing 
one of the most diverse Late Triassic track 
assemblages known anywhere. The ?prosauropod 
tracks are the first Late Triassic examples ever 
reported from the North American continent. The 
Lower Jurassic has also yielded theropod and 
prosauropod dinosaur tracks. These tracks are useful 
for correlation with other Early Mesozoic tracksites 
around the world and can be used to help construct a 
series of track zones (or Palichnostratigraphy) for the 
western United States. 

The discovery of prosauropod tracks 
(Pseudotetrasauropus) in the Chinle Group and in the 
lower part of Glen Canyon Group (Otozoum) points 
to a much wider distribution of prosauropod tracks in 
the western United States than previously supposed, 
and the need for a thorough study of these and 
similar track types. Further examination of the 
Jurassic Carmel Formation close to the DNM 
boundaries, reveals several tracksites that require 
further study. 

+ INTRODUCTION 

The purpose of this ongoing study is to 
locate and document fossil footprint sites in Mesozoic 
strata at Dinosaur National Monument (DNM) and 
interpret the track assemblages for the information 
they provide on behavior, paleoecology and 
biostratigraphy (palichnostratigraphy). The Mesozoic 
Era (Triassic, Jurassic and Cretaceous Periods) is 
commonly referred to as the Age of Dinosaurs, 
though dinosaurs did not make their first appearance 
until late in the Triassic. Thus the scope of the 
project includes analysis of the tracks of pre
dinosaurian (Early and Middle Triassic) vertebrates; 
as well as study of Late Triassic through Late 
Cretaceous vertebrate footprints. As outlined in five 
previous reports (Lockley et al. 1990, 199la, b, 
1992a, b), abundant tracks have been found in and 



around DNM in the Chinle and Glen Canyon Groups 
and in the Carmel Formation. As shown below, 
these early Mesozoic track-bearing units reveal many 
track types that can be found in similar aged strata at 
other sites around the world. Thus a major research 
objective of this project is to make comparisons with 
ichnological (footprint) data emerging from . other 
areas. 

Not only may tracks be used for 
interpretations of behavior (locomotion, speed etc.,) 
and paleoecology (census of ancient animal 
communities), but they also contribute to the applied 
science of biostratigraphic correlation 
(palichnostratigraphy) and can help with determining 
the ages of various sedimentary formations both 
regionally and globally. 

+ METHODS AND STUDY AREAS 

Our study is primarily a field oriented 
reconnaissance program designed to locate tracksites 
in space and time (stratigraphic position). To this end 
most field time is devoted to systematic search of 
good exposures, especially in situ bedding planes. 
Once discovered tracksites are mapped, track and 
trackway outlines are traced with acetate film 
overlays, and photographed in such a way that all 
important tracks, trackways, and their orientations, 
are accurately recorded. Important representative 
tracks and trackways are also replicated in latex 
rubber and later cast in plaster and/or fibreglass in 
the lab. If original specimens are unique, threatened 
by erosion, or otherwise suitable for collection, they 
are removed to DNM Quarry for curation. All 
specimens and replicas are then designated DNM 
numbers. Each site is also designated a preliminary 
(or field) locality number and tracksite locations are 
recorded to the nearest sixteenth section. 

There is one further important component to 
this study, namely synthesis of the data into the large 
ichnological data base that is accumulating for the 
western United States, and the world as a whole. 
During the last decade there has been a rapid 
renaissance in the field of fossil footprint research 
(vertebrate ichnology), leading to the discovery of 
large numbers of new sites. The University of 
Colorado Dinosaur Trackers Research Group, alone, 
has been responsible for the discovery and 
documentation of several hundred sites in the western 
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United States. 

The net result of these ongoing studies is that 
discoveries from one area, such as DNM, can not be 
viewed in isolation. The identification of track types, 
their attribution to various groups of trackmakers, 
and the significance of their stratigraphic position 
must be understood in reference to other areas. As 
shown, our understanding of the taxonomic, 
paleoecological and biostratigraphical significance of 
the track assemblages at DNM, depends to a 
significant degree on results from other areas. For 
example, recent discoveries of tracks in several 
formations in the Glen Canyon National Recreation 
Area (GCNRA: see Lockley et al. 1992c) have 
helped establish a workable scheme of track zones 
(Palichnostratigraphy) for the entire Colorado Plateau 
Region, and even beyond, allowing for compariso~" 

!~ · 

between North America and other continents. 

+ RESULTS TO DATE 

During the first two years of investigations, 
detailed study was focused in the western part of 
DNM, in the area of the Red Wash drainage (so 
called "racetrack" area) and the south side of Split 
Mountain. Because many tracksites were recognized 
in Late Triassic and Early Jurassic deposits in these 
areas, search for tracksites was extended to these 
beds in the eastern part of DNM resulting in the 
discovery of a few additional sites. However it has 
become clear that the western part of DNM is 
particularly rich in sites, and since the end of the 
1991 field season (Lockley et al. 1991b, 1992b), we 
have discovered nine more sites (UCD 92-17 to 92-
25) in western DNM, and another important locality 
on BLM land, herein referred to as the Cub Creek 
site, just outside DNM. This latter site is a good 
example of a locality that has proved crucial to our 
understanding of the spatial and temporal distribution 
significance of certain track types. 

THE CHINLE GROUP 

As discussed in Lockley et al. (1990, 
1991a,b, 1992a,b), the term Chinle Formation, is 
used by Rowley et al. (1979) for Late Triassic 
deposits of the DNM area, while the term Popo Agie 
Formation is used by students of these · beds in 
northwestern Colorado and southern Wyoming. 
Recently Lucas ( 1991, and in press) bas proposed the 
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PSEUDOTETRASAUROPUS 

Figure 2. Pseudotetrasauropus trackways from the "Dockum" Group of New Mexico and the Chinle Group of 
the DNM area are the first occurrences reported in North America. 



As shown in Figure 3 there appears to be a bimodal 
orientation of trackways towards the north northwest 
and towards the south. This is more or less parallel 
to the NNW -SSE ripple crest trend, possibly thus 
indicating a tendency for trackmakers to move shore 
parallel. The fifth track-bearing layer has yielded 
only a single Pseudotetrasauropus trackway. 

THE PROSAUROPOD TRACK DILEMMA 

The discovery of Pseudotetrasauropus tracks 
is significant, because it represents the first report of 
this track type in North America, and, if 
Ellenberger's interpretation of prosauropod affinity is 
correct, the first evidence of prosauropods in the 
Chinle Group. Although a detailed analysis of these 
tracks is outside the scope of this report, some 
preliminary observations are warranted, because of 
the far reaching implications. 

Ellenberger (1970, 1972, 1974) named 
Tetrasauropus and Pseudotetrasuropus to describe 
various trackways from the Late Triassic of South 
Africa. the majority of the trackways he described 
consisted of large footprints (pes tracks about SO ems 
or more in length), and most of the examples of the 
latter ichnogenus were attributed to bipedal animals. 
However he also described smaller 
Pseudotetrasauropus tracks comparable in size to the 
examples illustrated here. These smaller track types 
show some superficial resemblance to 
Brachychirotherium pes tracks, but, unlike 
Brachychirotherium, occur in trackways indicative of 
bipedal animals (cf. Olsen and Galton 1984). When 
we examined the Cub Creek specimens, not only did 
we conclude that the previously undescribed New 
Mexico specimen was of the same type, but we also 
recognized that the tracks resemble so called bipedal 
Brachychirotherium from the Newark Supergroup of 
North Carolina (Olsen and Galton 1984). 

Since Pseudotetrasauropus and 
Tetrasauropus occur in abundance together in South 
Africa, this caused us to consider if the large, so 
called New Mexico chirothere tracks (Chirotherium 
sp. of Conrad et al. 1987; Lockley et al. 1991b, 
1992a, b) might not be related to Tetrasauropus. 
When this track type was first discovered and 
described by two of us (Conrad et al. 1987), we 
suggested that the "trackways resemble those of small 
sauropods" and considered "prosauropods as possible 
trackmakers". However the significant differences, 
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including outward-, not inward-curved toe 
impressions as in Tetrasauropus from Africa, caused 
us to dismiss an affinity to that ichnogenus. We also 
doubted, and still do, that these Chirotherium sp. 
tracks are similar to the only known prosauropod 
tracks (Navahopus Baird 1980) reported from North 
America at that time. This caused us to eliminate 
prosauropods from consideration. Instead we inferred 
that the tracks were attributable to phytosaurs, 
another large animal known to have been abundant at 
that time. It now appears that our dismissal of the 
prosauropod interpretation may have been premature, 
and that we must seriously consider that the tracks 
may be allied to Tetrasauropus. If this interpretation 
is correct then this is also the first report for this 
ichnogenus in North America. 

Thus there are clearly dilemmas to ;;be 
resolved in the recognition of prosauropod tracks in 
North America. This is partly because various 
archosaurian tracks (thecodontians, crocodilomorphs 
and prosauropods) ~Olsen and Galton (1984 p. 
95) and Thulborn (1990, p 179) are thought to be so 
alike. Previously the only reported prosauropod track 
type from western North America was Navahopus 
from the late Early Jurassic. Olsen and Galton (1984) 
compared this form with Tetrasauropus and even put 
it in the new, but undefined Ichnofamily 
Navahopodidae. However it is worth noting that these 
two track types are very different in size and occur in 
different epochs that are separated by as much as 30 
million years. Recently, we have also recorded 
Otozoum in western North America (Lockley 1990, 
1991; Lockley et al. 1992b) and inferred that it to is 
attributable to · a prosauropod, however, this 
ichnogenus is currently known only from the Navajo 
Formation and its equivalents and so is tens of 
millions of years younger than anything in the Chinle 
Group. Thus we conclude that Pseudotetrasauropus 
and Tetrasauropus (or at least Tetrasauropus-like 
tracks = Chirotherium sp. sensu) Conrad et al. 
(1987) are present in North America in the Chinle 
Group, and that they are probably best attributed to 
prosauropods. The former ichnogenus represents a 
gracile bipedal animal and the latter, a heavier 
quadrupedal animal, responsible for significant 
vertebrate bioturbation at one horizon. Although it is 
probably correct to attribute Navahopus and Otozoum 
to prosauropods, both track types occur in rocks that 
postdate the Chinle by at least 10-20 million years. 
On both morphological and biochronological grounds 
they are significantly different. We are undertaking a 
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review of all purported prosauropod tracks including 
Agrestipus from the Late Triassic of Virginia, which 
Weems (1987) currently attributes to a sauropod. 
Taken together all the evidence suggests that 
prosauropods were much more diversified, and 
widely distributed in space and time in North 
America than could be inferred from the skeletal 
record alone. 

DISCUSSION OF CHINLE GROUP TRACKS 

The continuing discovery of tracksites in the 
upper part of the Chinle Group has substantially 
increased our database. We now know of 35 different 
sites (including distinct stratigraphic levels) in the 
DNM area (as compared to 22 reported in Lockley 
et al. 1992a). With the addition of the Cub Creek site 
and other new DNM localities the total trackway 
sample (equivalent to a census of individuals) is 111. 

Our studies suggest that there is a pattern to 
the stratigraphic distribution of Chinle tracks. The 
lower part of the Red Siltstone Member has so far 
yielded a Gwyneddichnium, Rhynchosauroides and 
small theropod tracks (Agialopous and cf. ?Grallator) 
assemblage, with invertebrate traces, at a level about 
20 meters below the top of the formation. This is 
exactly the same assemblage as has been reported 
from this stratigraphic level in Moffat County 
Colorado some 35-40 miles to the northeast (Lockley 
1986). By contrast the upper 8-9 meters of the 
formation, both in the DNM and Redfleet area, 
appear to yield a preponderance of 
Brachychirotherium tracks (with Chirotherium sp. and 
Pseudotetrasauropus), from siltstones and sandstones 
that are notably more purple and grey than the 
underlying brick red strata. We therefore tentatively 
conclude that, locally, the upper beds contain a 
different, facies-controlled, or biostratigraphically 
controlled ichnofauna. We also note that the 
uppermost sandstone beds at DNM, a purple and grey 
unit 1-2 meters below the base of the Glen Canyon 
Group, contain abundant bone fragments throughout 
the area, and as far west as Redfleet and Red 
Mountain. When looked at as a whole the Popo Agie 
ichnofauna in the DNM area can be summarized as 
follows: 

Dinosaur tracks 
Sphenodontid/lizard tracks 
Tanystropheid tracks 
Aetoaaur tracks 
?Phytosaur tracks• 

Agialopous and ?Grallator 
Rhynchosauroides 
Gwyneddichnium 
Brachychirotherium 
?Chirotherium sp. or 
?Tetrasauropus 

?Proauropod tracks 
Synapeid tracks 

?l..imulid tracks 
?small arthropod traces 
other invertebrate traces 

Pseudolelrasauropus 
-no ruune --

Kouphichnium 
Scoyenia 
-- various ruunes --
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This list indicates that, within the western part of 
DNM, most of the major groups of Late Triassic 
trackmakers known from western North America are 
represented. This allows for the reconstruction of the 
animal communities of this well-known epoch. As 
discussed by Lockley (1986, 1987, 1991, Lockley 
and Conrad 1989) the A.gialopous, 
Rhynchosauroides Gwyneddichnium assemblage 
probably represented a community of small reptiles 
that frequented river and lake shore habitats, perhaps 
feeding on the abundant invertebrate tracemakers. 
The Brachychirotherium assemblage may represent .~ 

more terrestrial community with aetosaurs and 
prosauropods. 

THE GLEN CANYON SANDSTONE 

Previously we reported Brachychirotherium 
from the basal part of the Glen Canyon Group, as the 
first vertebrate tracks recorded from the Glen Canyon 
Group in DNM. Later in 1991, Fred Peterson and 
Dan Chure discovered three toed dinosaur tracks in 
the upper part of the Glen Canyon Group (=Navajo 
Formation equivalent) at a locality (UCD 92-17) not 
far from the DNM Quarry. Our studies show that 
track -bearing beds can be recognized at seven 
stratigraphic levels and traced laterally along strike 
for a distance of about 1 km. For convenience we 
have subdivided the locality into three sites (UCD 92-
17.1, 17.2 and 17.3; see Figure 4). Detailed 
mapping of five different track-bearing surfaces has 
revealed a large number of trackways. As reported by 
Lockley et al. (1992b) we have recorded 96 
trackways in the upper two levels of section UCD 92-
17.1. Of these, four trackways can be assigned to 
Otozoum with the remainder representing theropods. 
Herein we also report four trackways (levels) from 
section 92-17.2 (no mapped surfaces) and a 
minimum of 29 trackways from the two mapped 
surfaces in section 92-17.3. The lower of these two 
surfaces are dominated by Otozoum with a minimum 
of 17 trackways of this ichnogenus and only one 
tridactyl variety. The upper surface has a 
tridactyl:Otozoum ratio of 8:4. Thus a minimum of 
125 trackways are recorded at the entire 92-17 site. 
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Figure 4. Tracks occur at multiple stratigraphic levels in the upper part of the Glen Canyon Group (=Navajo 
Formation). 



Parallel Otozoum trackways at the lower 
level, in section 92-17.3, suggest that the trackmakers 
may have been moving in groups. In general however 
the trackways at all levels suggest quite variable 
directions of progression. At all levels the tracks are 
associated with horizontally bedded, sometimes 
ripple-marked, brown to red stained, often heavily 
dinoturbated, intervals between eolian cross bedded 
units. This suggests that the tracks were made in 
interdune environments subject to periodic wetting or 
run-off, and that during such wet periods animals 
were quite active in the area. 

CARMEL FORMATION 

Several Middle Jurassic, Carmel Formation 
tracksites are situated just outside the DNM boundary 
south of Daniel's Ranch, and also in the Redfleet 
reservoir area. Reconnaissance in the former area has 
led to the discovery of additional tracks, thus 
suggesting some potential for discovery of tracks 
within DNM. Because of the rarity ·of Middle 
Jurassic vertebrate remains worldwide, we consider 
the Carmel tracks very important and we propose to 
describe available tracks and replicas in a separate 
report, at a later date. Our preliminary investigations 
show that the tracks are all those of relatively small 
tridactylous bipeds, and that the only comparable 
icbnofauna currently known is one that has been 
reported from the Middle Jurassic of Yorkshire, 
England (Whyte and Romano 1981). 

CONCLUSIONS AND 
PALICHNOSTRATIGRAPHY 

The tracks so far discovered in the DNM 
area are part of a much larger regional and global 
picture. For several decades, ichnologists have 
recognized that Late Paleozoic and early Mesozoic 
tracks are often quite similar on a global scale. This 
is because, at that time, the world's continents were 
assembled together into the supercontinent Pangaea 
II, thus allowing free exchange of vertebrates and the 
establishment of pandemic or cosmopolitan faunas. 
Because paleontologists recognize this fact it is 
logical to assume that vertebrates, and their tracks, 
are potentially useful for biostratigraphic correlation. 
European ichnologists have also used this same 
principle to define "track zones" and establish the 
subdiscipline of "palichnostratigraphy". Some of the 
pioneers of this field (Haubold and Katsung 1978; 
Haubold 1984, 1986) have called on North American 
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researchers to adopt a similar approach (see Olsen 
and Galton 1984). 

The discovery of distinctive track 
assemblages in the Chinle and Glen Canyon Group 
suggests much promise for dating of rock sequences 
that are otherwise devoid of fossils. For example the 
presence of Brachychirotherium, Anomoepus, 
Otozoum and other distinctive zonal ichnotaxa and 
ichnotaxonomic assemblages provides useful 
correlations for the upper part of the Chinle Group 
and various units of the Glen Canyon succession 
across much of the Colorado Plateau Region, and as 
far afield as the Newark Supergroup of eastern North 
America and the Stormberg Series of southern Africa 
(cf. Haubold 1984, 1986; Olsen and Galton 1984). 

The Late Triassic and Early Jurassic,;,_. 
palichnostratigraphic zonal scheme that is emerging1k

for the western United States helps underscore the 
importance of tracks in helping to understand the 
composition and geologic range of successive animal 
communities during these epochs. We note 
specifically that the majority of ichnogenera listed 
above can be recognized in Late Triassic deposits 
elsewhere in North America, in Europe and in 
southern Mrica. This distinctive archosaur dominated 
assemblage includes sinall tridactyl theropod tracks as 
a significant component, and attests to the increase in 
relative abundance of dinosaurs at his time. 
Successive track zones are heavily dominated by 
larger tridactyl dinosaurs, without the diverse array 
of other archosaurian track types. This same 
pronounced ichnological change at the Triassic
Jurassic boundary is also recognized worldwide 
(Haubold 1986). Similarly, distinctive tracks like 
Batrachopus, Anomoepus, Otozoum and 
Brasilichnium occur in various track assemblages 
throughout the Glen Canyon Group on the Colorado 
Plateau, and correlative strata elsewhere in North 
America and around the world. 
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The overall goal of this study is to establish 
a stratigraphic, sedimentologic, and geochronologic 
framework for the Upper Jurassic Morrison 
Formation within Dinosaur National Monument and 
to tie that framework to the rest of the Colorado 
Plateau and other important vertebrate fossil-bearing 
localities in the western United States. The study· is 
also intended to complement ongoing paleontological 
inventories of the Morrison Formation within 
Dinosaur National Monument (DNM). 

The project has four main objectives in order 
to achieve the overall goal. These include 1) 
document and describe the stratigraphy of the 
Morrison Formation in the Monument to provide a 
stratigraphic framework for the fossil vertebrate 
inventories; 2) identify depositional environments of 
the Morrison Formation within DNM and their 
evolution through time, with particular emphasis on 
fossil-bearing units; 3) establish a geochronologic 
sequence in the Morrison Formation by collecting 
datable materials at critical stratigraphic intervals 
(that is, collecting bentonite beds for isotopic dating 
and collecting rock types favorable for containing 
microfossils for paleontologic dating); 4) extend the 
correlations developed within DNM to other 
dinosaur-bearing Morrison localities in the Western 
Interior of the U.S. (for detailed regional 
relationships see Turner & Peterson 1992). 

· ~· + PROJECT ACCOMPLISHMENTS TO 
DATE 

The research emphasis during the first year 
of the project (1990) was to identify the various 
members and other important stratigraphic units in 
the Morrison Formation, describing and sampling the 
formation at three localities in and near Dinosaur 
National Monument, and identifying the proper 
contacts of the formation. The goal of this approach 
was to be able to compare the members in DNM with 
the members or correlative beds elsewhere in the 
Western Interior of the U.S. and to get the samples 
to the various specialists early in the project so that 
time-consuming and labor-intensive sample 
preparation and analysis could begin. This was to 
ensure that the results would be available before the 
end of the project. Thus, during the first year, 
efforts were concentrated on two of the objectives
determining the basic stratigraphy of the Morrison 
Formation and sampling for geochronologic 
determinations (that is, sampling for the purpose of 
obtaining isotopic and microfossil age 
determinations). Our effort during the second year 
was devoted primarily to sedimentologic studies, 
especially of the quarry interval, but work was also 
begun on the regional studies that are necessary to 
place the dinosaur fauna at DNM in its context with 
other Late Jurassic dinosaur faunas elsewhere in the 



Western Interior of the U.S. The following 
discussion is a summary of our research thus far and 
it is organized to follow the four primary goals of the 
project: stratigraphy, sedimentology, geochronology, 
and regional relationships. 

STRATIGRAPHY 

Four members are now recognized in the 
Morrison Formation in the Monument; from oldest to 
youngest these are the Windy Hill, Tidwell, Salt 
Wash, and Brushy Basin Members. The Windy Hill 
Member consists predominantly of marine sandstone 
and is only present as far south as northern Utah and 
northern Colorado. It does not extend south to the 
central or southern parts of the Colorado Plateau 
although it or correlative beds do extend farther north 
into Wyoming, Montana, western South Dakota, and 
southeastern Idaho. The Tidwell Member in the 
DNM area consists largely of gray mudstone 
deposited mostly in continental environments and is 
quite similar to the Tidwell elsewhere on the 
Colorado Plateau. The Salt Wash Member consists 
largely of fluvial sandstone beds in the western part 
of DNM, as it does farther south, but locally at 
Deerlodge Park it consists largely of eolian 
sandstone. The Brushy Basin Member is divided into 
two parts in and near DNM; the lower part consists 
largely of nonswelling clays and is mostly red 
whereas the upper part consists largely of swelling 
clays and is mostly grayish-green although it also 
contains some red beds near the top. It was 
deposited in continental environments, mostly in lakes 
and overbank floodplains although a small but 
important part was deposited in stream channels. 

Another important aspect of this phase of the 
research was to determine the proper contacts of the 
formation, or, to put it another way, to define just 
exactly what the Morrison Formation is. The lower 
contact presents no significant difficulties in most 
places. It is a regional unconformity between 
grayish-green mudstone in the underlying Redwater 
Member of the Stump Formation and light brown 
sandstone in the overlying Windy Hill Member of the 
Morrison Formation. The upper contact of the 
formation is not as easy to determine because similar 
rock types commonly are present at the top of the 
Brushy Basin Member and in the lower part of the 
overlying Cedar Mountain Formation. Additional 
research will be needed to clarify the nature of this 
contact although work already accomplished suggests 

87 

that a regional unconformity is present and that the 
contact can be determined, at least in most cases, by 
an assemblage of characteristics rather than by any 
single feature. 

Also during the first field season, detailed 
sections of part or all of the Morrison Formation 
were measured at 3 localities in or near DNM. 
Complete sections of the entire formation were 
measured about 1 km west of the quarry (the DQW 
section) and near Bill White's Cabin in Deerlodge 
Park (the BWC section). A partial section of the 
Windy Hill, Tidwell, and Salt Wash Members was 
also measured in Rainbow Draw (the RD section). 
Of these, the DQW section was sampled inost 
intensively for isotopically datable materials and for 
microfossils, chiefly palynomorphs (spores and 
pollen), that will also help to date the formation. llle 
Windy Hill, Tidwell, and Salt Wash Members were 
sampled for microfossils during the first field season 
(1990) and the Brushy Basin Member was sampled 
intensively during the second field season (1991) in 
company with our palynologist, Ron Litwin, in order 
to apply his skills in obtaining rock types most 
suitable for yielding palynomorphs. 

The BWC section was sampled mostly for 
isotopically datable materials, and the RD section was 
not sampled intensively although several likely 
palynomorph-bearing beds were found and sampled 
and an important bentonite sample for isotopic dating 
was collected from low in the Tidwell Member. 
Because all the other samples for isotopic dating 
came from the Brushy Basin Member, the sample 
from the Tidwell Member is especially important for 
helping us determine the span of time represented by 
the entire formation. 

In sampling for microfossils, it has been 
found that red beds almost never yield palynomorphs 
because the oxidation that produces the red color also 
destroys palynomorphs. Thus, the lower part of the 
Brushy Basin Member, which consists largely of red 
beds, is not a likely candidate for containing these 
fossils. However, a locality was found at the 
Rattlesnake Mine about 40 km southeast of Moab, 
Utah, that has a thin channel filled with carbon
bearing mudstone, an ideal rock type for containing 
palynomorphs. This was sampled during the second 
(1991) field season in hopes that microfossils from it 
will accurately date this important part of the 
formation. 
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Charophytes are scarce at DNM and 
therefore are of minimal value for detailed dating of 
the formation there. (Charophytes are lacustrine 
algae; technically, the most useful fossilized part of 
these plants is called the gyrogonite, which is the 
calcified sheath surrounding the female reproductive 
parts.) They are locally abundant in a limestone and 
underlying mudstone pair of beds in the Brushy Basin 
Member about 5 m below the quarry interval near the 
DQW section, and they have been reported to be in 
a thin mudstone lens in the quarry sandstone bed in 
the quarry building. Both of these localities have 
been sampled but even if they yield age-diagnostic 

. charophytes, they will only date a small part of the 
formation at DNM although that will help in relating 
the DNM section to the regional stratigraphic 
framework. On the other hand, charophytes are 
considerably more abundant throughout a greater 
thickness of the formation farther east in central 
Colorado and eastern Wyoming where they should 
prove highly useful for detailed dating purposes. 

Dinoflagellates are another type of 
palynomorph that is sometimes found in marine rocks 
and, if found, may prove helpful for precise dating of 
the Windy Hill Member. They are also green algae 
but smaller and about the same size as spores and 
pollen-too small to be seen with the naked eye--and 
are responsible for the "red tides" sometimes seen in 
open marine waters and marine embayments in 
modem settings. Samples collected from the 
Redwater Member of the Stump Formation and the 
Windy Hill Member of the Morrison will be analyzed 
for these microfossils as well as spores and pollen, in 
hopes of obtaining additional information on the age 
of these stratigraphic units. 

Although most of the effort of the first 
(1990) field season was concentrated on stratigraphic 
studies and geochronologic studies aimed at sampling 
for datable materials, most of the effort of the 8econd 
(1991) field season was concentrated on the other two 
objectives of the project, that is, on the detailed 
sedimentology and regional relationships. 

SEDIMENTOLOGY 

During the second (1991) field season, 
considerable effort was devoted to studying the 
detailed sedimentology of the quarry interval 
(objective 2) so that a better understanding could be 
obtained of the conditions under which the abundant 

bones in the quarry bed were deposited. We use the 
term m!!!!:Y interval to refer to the entire sandstone
conglomerate assemblage of beds, about 7-10 m 
thick, that extends along the outcrop belt fron~ the 
quarry building east for about 1,000 m to the vicinity 
of the draw just east of Swelter Shelter. This interval 
contains approximately a dozen vertically and 
laterally appressed individual fluvial sandstone beds 
of which only one is the m!!!!:Y bed that contains the 
abundant bones. 

The chief sedimentologic methodology 
employed was lateral profiling in which important 
rock types and bedding surfaces in closely spaced 
measured sections through the quarry interval are 
traced and correlated laterally along the outcrop from 
section to section. In all, we measured about 32 
sections along approximately 1,000 m of,.9utcrop, 
giving an average spacing of about 30 m'::between 
sections. In addition, the measurements needed to 
construct a map of the quarry interval along the 
outcrop east of the quarry building were also 
obtained. Several hundred paleocurrent 
measurements were made in the various beds within 
the quarry interval so that the direction of flow of the 
ancient streams that deposited the interval could be 
determined. We also made paleocurrent 
measurements of the fluvial sandstone beds above the 
quarry interval to determine the flow of streams after 
deposition of the quarry interval (no fluvial sandstone 
beds were found just below the quarry interval). All 
in all, we made approximately 730 paleocurrent 
measurements. The measurements clearly show that 
most of the streams flowed southeastward. We also 
made measurements of about 130 pelecypod valves to 
document their orientation with respect to the stream 
currents. 

A map ·was constructed and the measured 
sections, lateral profiles, and paleocurrent 
measurements were placed in their original positions 
after mathematically rotating the steeply inclined beds 
to their originally horizontal position. With this, we 
will be able to make other measurements or 
interpretations such as determining the approximate 
width of the stream channels, their sinuosity, and 
maximum depths. 

Within the quarry building we identified 3 
separate vertically stacked fluvial beds in the quarry 
interval. The lower bed only contains scarce 
disarticulated bones and bone fragments. The middle 



bed is the quarry bed and contains the abundant 
disarticulated bones, articulated bone segments, and 
the fairly compact but large assemblages of bones, 
each assemblage almost certainly belonging to an 
individual animal. The upper bed contains some 
isolated bones and several articulated bone segments 
but it contains far fewer bones than the middle bed. 

The southern edge of the quarry bed was 
identified in the southwest comer of the exposure in 
the quarry building but, because the upper part of the 
quarry bed was eroded during deposition of the 
overlying bed, only the lower part is still preserved. 
Paleocurrent studies indicate that the original trend of 
the stream that deposited the quarry bed within the 
building was about east-southeast. The geometric 
relationships of the channel edge, the trend of the 
quarry bed, and the orientation of the building 
indicate that extending the quarrying operation 
downdip in the middle of the building where the 
upper bed has not yet been removed probably will not 
result in the discovery of any significant quantity of 
bones. 

The quarry bed is unique in that it is the 
only fluvial bed in the quarry interval that is present 
at two places along the outcrop trend. Most of the 
streams that deposited the quarry interval flowed 
southeastward and therefore passed across the area of 
the present east-west-trending outcrop belt only once. 
In contrast, the stream that deposited the quarry bed 
flowed almost due east (actually east-southeast) at the 
site of the quarry building and then turned 
southeastward, intersecting the outcrop belt again 
several hundred meters east of the building. The 
lateral continuation of the quarry bed was identified 
with a fairly high degree of certainty in the outcrops 
east of the quarry building where the bed contains 
numerous disarticulated bones and several segments 
of articulated vertebrae. There, the quarry bed 
extends from the first gully east of the parking lot to 
a point several hundred yards east of the second gully 
east of the parking lot. Should future management 
plans make it desirable to obtain more bones in large 
quantities, this locality would be the best place to 
begin new quarrying operations. 

The research accomplished in the second 
field season (1991) indicated the need for a major 
reinterpretation of the origin of the quarry bed. 
Previously, the quarry bed had been interpreted as a 
side bar or possibly a point bar on the edge of a 
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stream and it had been suggested that the bones and 
dinosaur carcasses washed up on this bar and were 
subsequently buried. Instead, the evidence indicates 
that most of the bones were deposited in the deeper 
part of a stream channel and relatively few bones 
were deposited near the stream banks. This 
interpretation was obtained largely by doing the 
lateral profiling throughout the entire quarry interval 
that allows one to identify the different parts of the 
stream channel and applying those findings to the 
beds within the quarry building. Thus, new 
approaches to fluvial sedimentology that were 
developed mostly during the last decade made it 
possible to improve on the previous interpretation that 
had been with us for about 70 years. 

GEOCHRONOLOGY 

Geochronology includes both paleontologic 
(or relative) and isotopic (also called radiometric or 
absolute) dating methods. One of the goals of 
geochronologists is to calibrate the standard geologic 
time scale, which is based on paleontologic dating 
methods, with isotopic dates so as to put numbers for 
millions of years before the present on the 
subdivisions of geologic time. For example, the Late 
Jurassic Epoch is divided into three Ages as shown 
below along with the currently accepted best 
estimates for the age of their boundaries in millions 
of years before the present (Ma). One of our goals 
is to place the Morrison Formation within this time 
framework using isotopic and paleontologic 
methodologies. 

A Late Jurassic Time Scale 
-141.1 Ma---

Tithonian Age 
---152.1 Ma-

Kimmeridgian Age 
----154.7 Ma-

Oxfordian Age 
---157.1 Ma--

For micropaleontologic age determinations, 
we collected numerous samples for palynomorphs and 
charophytes. These either have been or are being 
processed in the appropriate laboratories and, 
hopefully, identifications and age determinations from 
the samples that yielded the microfossils will be done 
in the near future. One sample from the upper part · 
of the Brushy Basin Member near Montezuma Creek 
in southeastern Utah that was run by our 
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+ MEmODS 

Field methods have included the measurement 
of nearly 100 stratigraphic sections selected whenever 
possible at approximately 1-2 km intervals along 
exposed outcrops of canyons and valleys. The 
sampling covered the majority of the Fossil Butte 
Member of the Green River Formation, involving an 
area of nearly 1000 sq. km. Poor outcrops, covered 
section, or erosion (lack of outcrop) prevented 
sampling in some areas. 

The same stratigraphically equivalent 
sedimentary units (Figure 1) were sampled from each 
stratigraphic section. Samples consisted of hand size 
rock samples that were labeled, including vertical 
orientation indicated with an up-arrow. Sample 
locations were plotted on topographic maps and air 
photos. Thickness of each unit as well as intervals 
between units was measured with a jacob staff. 

9 "middle dolomicrite" • 

6 "18 inch layer" • 

"lower sandwich bed" • 

IIICien 

Legend 

Kerogen-poor 
Laminated micrite 

• 
Kerogen-rich 
Laminated micrite 

II!HJI Ostrncodal Dolostone 

~ Dolomicrite 

B Bioturbated Micrite 

Ill Tuff 

1Jl~~1l Claystone 

• Time slice units 

YJiUre 1. Stratigraphic section of the Green River Formation showing units sampled 
during this study. 

In the laboratory each rock sample was slabbed 
with a rock saw, polished, acid etched and stained, to 
allow detailed sedimentological analysis. X-ray 
diffraction, thin-sectioning, and isotope analysis is 
being performed on each sample. Data obtained is 
being entered into computer graphics programs and 
plotted out as a series of paleogeographic maps 
showing unit thickness variations, mineralogic 
variations, laminae frequency variations, etc. 

+ PRELIMINARY RESULTS 

Figure 2 illustrates that preliminary 
paleogeographic maps that are being constructed. 
Fossil Butte National Monument is located somewhat 
north of the deepest portion of fossil lake. 
Preservation of fossil fish follow the depth trends, 
with the best preserved fishes found in the deepest 
portions of the lake. However fossil fish are still 
fairly well preserved in lake margin localities, and 
include more abundant sting-rays and other species. 
The map provides other important clues about Fossil 
Lake during unit 5 time. Note that lake depths are 
not great, generally around 11-13 m nearer the 
center. This is comparable with modem Salton Sea 
which has maximum depths of 15 m and is of 
comparable size (and contains abundant fish). The 
depth is calculated from 4 m maximum delta f~reset 
sequences near the inflow area in the southeast comer 
of the basin. The delta foresets indicate the lake 
depth at site of deposition. Lake depths at any 
location are calculated by: multiplying the distance 
from known delta foreset sites by interpreted lake 
bottom gradients and then adding the estimated depth 
at the site of delta deposition (4 m maximum). 
Bottom gradients were probably less than .40 m per 
km (established from work of Bradley (1929, 1964; 
Surdam and Wolfbauer 1975; and Lundell and 
Surdam 1975). In other words, 16 km times .4 m 
plus 4 m would equal10.4 m depth. One could add 
a meter for water depth above the delta topset beds. 
The bottom profile is interpreted from the unit 5 
isopach map (unit thickness map), where one assumes 
that the thickness of the unit is related to lake depth 
based on work of Buchheim (in press). Deeper 
regions of the lake being more distant from the 
margins and source areas received less sediment 
deposition. Higher total organic carbon contents are 
also expected in the deeper zones due to lower 
oxygen levels and temperatures. Although not plotted 
on this map yet, total organic carbon contents of unit 
5 follow in a general way these depth trends. Note 
that the paleogeographic map shows a relatively 
"steeper" bottom profile on the east side of the lake 
basin (as indicated by isopach lines), while the west 
side of the lake exhibits a much lower profile. 
Preliminary studies have indicated that the lake 
extended as a shallow shelf a significant distance to 
the west, perhaps as much as 30 km beyond the map 
border. 
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Figure 2. Paleogeography of Fossil Lake during Unit 5 time: includes lake depth, unit 5 thickness (contours), 
inflow dominated areas, and oxygen isotopes. See text for discussion. 
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1. Investigate the relationships between the 
structural/compositional features of the 
shrub-steppe habitat, and the winter home 
range, habitat use, and activity patterns of 
pygmy rabbits. 

2. Determine microhabitat selection by pygmy 
rabbits during winter in relation to 
microclimate and vegetation structure. 

3. Define large scale habitat features that are 
characteristic of areas inhabited by pygmy 1 

rabbits. 

+ MEmODS 

This study will begin in January 1993, with 
emphasis on understanding how such a small species 
(400 grams) that does not hibernate or significantly 
deposit fat, manages to survive in areas of extreme 
environmental temperatures, consuming primarily 
sagebrush. Graduate student, Todd E. Katmer, is 
currently finalizing the design for this research and 
will complete the study to obtain a Master's degree in 
the Department of Zoology and Physiology at the 
University of Wyoming. 

Two research sites were selected in 
September 1992. The primary site is located near the 
Historic Quarry Trail in Fossil Butte National 
Monument, 16 km west of Kemmerer, Lincoln 
County, Wyoming. Preliminary observations suggest 
that this ungrazed area supports a healthy population 
of pygmy rabbits. The second site is 14.5 km west 
of the Monument along Collet Creek. Vegetation at 
this site appears trampled or is entirely absent from 
recent grazing; pygmy rabbit sign is much reduced. 
The general landscape at both sites can be 
characterized as high, cold, sage-dominated· desert. 
In October 1992, a grid system 1 km x 0.35 km was 
installed at each site for use during radiotelemetry 
monitoring and habitat assessment. This system 
consists of twenty color-coded transects perpendicular 
to a baseline with metal stakes positioned every SO 
m, resulting in 0.25 ha units. 

Eight adult pygmy rabbits will be captured 
in January in each population and equipped with 
radiocollars. Animals will be intensely monitored 

from radiotelemetric traces and visual observations to 
determine basic life requisites such as home range 
size and activity budgets. Meteorological variables 
(air temperature, wind, solar and thermal radiation) 
will be simultaneously measured in open and sage
covered microenvironments; these data will be used 
to assess the impacts of microclimate on activity 
patterns and provide indications of thermal tolerance. 
Vegetation will be quantified in terms of food quality 
(based on laboratory analyses of energy, protein, and 
fat content), shrub density and height, and community 
structural appearance to assess the effects of grazing 
practices and habitat alterations. Shrub-steppe 
characteristics (including vertical structure, 
composition, vegetation pattern, and topography) that 
are identified as important to pygmy rabbits will be 
contrasted to areas that do not support pygmy rabbits 
and compared to the documented habitat requirements 
for other sagebrush/grassland species. '" 

+ ANTICIPATED BENEFITS 

Almost no work has been conducted on 
pygmy rabbits, and their basic biology is poorly 
understood. This research will clarify some of the 
ecological/physiological adaptations of the world's 
smallest leporid and define its obligate shrub-steppe 
association. Because pygmy rabbits are entirely 
dependent on sagebrush communities for survival, 
they may serve as an effective means of 
environmental surveillance in shrub-steppe 
grasslands, and as an ecological indictor to better 
assess the loss of wildlife habitat resulting from 
conflicting land uses. 

The pygmy rabbit appears to be regulated by 
overgrazing and alterations of its natural habitat, is 
likely very sensitive to habitat fragmentation 
(landscape patterns), and should be relatively easy to 
work with from a demographic perspective. Our 
study will draw attention to the qualities of 
structurally-complex stands of sagebrush that may be 
important in the distribution and abundance of other 
wildlife species. It also has implications for the 
management of state and federal lands, and will 
contribute to landscape planning decisions that 
incorporate vast expanses of sagebrush-dominated 
steppe habitats. 
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Page, Arizona and the other at Hall's Crossing, Utah. 
Close coordination with professional staff of GCNRA 
assured that the plot areas were placed in sites typical 
of problem areas that require revegetation. Thus, the 
plots could fulfill their purpose: to provide guidance 
and a reference for future revegetation plans at 
GCNRA. The methods, species and treatments used 
in designing the study plots were adapted from 
studies and results in the general area of the Southern 
Colorado Plateau and the 4-comers area of the U.S. 
(Fuller 1987). 

The Hall's Crossing test site is in a garbage, 
refuse disposal area where a top dressing of sandy 
soil was spread over the disposed materials. As a 
result, the soil is not densely packed and contains 
seeds of aggressive annual plants. The Page test site 
is in an area where heavy equipment and vehicles 
were located during construction of the dam in the 
1940's. Not only was the soil compacted but a layer 
of gravel was also applied and thus natural 
revegetation of these sites has not occurred. The 
vegetation of the areas surrounding each of the 
disturbed sites is in the upper Sonoran Desert 
(Kuchler 1964) and is delineated in the warm desert 
shrub vegetation type (Kuchler 1964). Some of the 
dominant plant species of the general area include 
blackbrush (Coleogyne ramosissima), green ephedra 
(Ephedra viridis), sand sagebrush (Artemisiafilifolia), 
indian rice-grass ( Oryzopsis hymenoides), curly 
mesquite grass (Hilaria jamesi1), sand dropseed 
(Sporobolus cryptandrus), and desert mallow 
(Sphaeralcea spp.). In higher elevations or mesic 
sites, juniper (Juniperus osteosperma), desert holly 
(Berberis fremontil), and saltbrush (Atriplex spp.) 
may be found along with various perennial and 
annual herbs. 

No hypotheses were directly tested in setting 
up the project. However, the choice of species and 
establishment methods make it possible to 
subsequently test the following hypotheses: 

1. In stress environments, plant establishment 
is more successful with transplants than 
from seeds. 

2. Plant establishment is more successful with 
native shrubs than with native grasses. 

3. Some native species are easier to establish in 
stress environments than others given an 

4. 

• 

array of choices. 

Additional treatments such as surface mulch 
and small basins around transplants increases 
plant establishment and survival more than 
no mulch and level planting. (Several 
comparisons of treatment combinations are 
possible with the plot design of treatmentS.) 

STUDY AREAS 

PAGE, ARIZONA 

The plots at Page, Arizona were located East 
of Highway 89 about 1.6 km North of the dam in the 
area of the viewsight. The area of the test site was 
a former construction and heavy equipment lQC&tion 
used during construction of the dam. It had been top 
dressed with about 7. 5 em of gravel and compacted. 
Very little vegetation was growing on the area 
possibly due to the gravel and compacted surface. 
Prior to plot establishment the area was ripped by a 
bulldozer to a depth of 15-25 em which mixed the 
underlying sandy soil with the gravel surface and 
loosened the compaction. The ripping action left the 
surface of the area with furrows and ridges (20-25 
em deep) which were intended to serve as a 
protection from wind blowing and to harvest some of 
the meager precipitation to seeds and transplants in 
the bottom of the furrows. Just prior to the day of 
plot establishment on April 8, 1990, a rain occurred 
which left the soil moist to a depth of 7.5 em. 

HALL'S CROSSING, UTAH 

The field plots at Hall's Crossing were 
established on AprillO, 1990. They were located on 
an area that had been used for a number of years as 
a disposal area that had been covered with sandy soil 
in a previous year and compacted only to the extent 
of density as would be obtained with the equipment 
used to cover the disposed material. The alternative 
site was an abandoned roadway which was available 
for test plots but was extremely dry and compacted at 
the time of plot establishment. The dump site was 
selected because it provided an opportunity to test 
planting methods on a fill site as contracted with the 
compacted area already chosen for the Page, Arizona 
plots. Very little vegetation was growing on the 
disposal site except for a few small russian thistle and 
an annual grass (species unknown because of the 



immaturity of the plants). Native vegetation existed 
on the North and East side of the study area. 

+ METHODS FOR PLOT 
ESTABLISHMENT 

BACKGROUND AND INFORMATION FOR 
PLANTS USED IN PLOTS AT PAGE AND 

HALL'S CROSSING 

Seeds and plant materials were obtained 
from two sources. Granite Seed Company of Lehi, 
Utah provided all of the seeds used to plant the plots 
in treatment 1 in both field locations. These same 
seed lots were used to propagate seedlings of most 
species in the Botany Department greenhouse of 
Weber State University. Three species were not 
propagated from the Granite Seed Company seed lots. 
Blackbrush was propagated from cuttings taken from 
plant sources near the field plots and rooted in the 
greenhouse. The key steps in vegetative propagation 
of this species were; collection of cuttings during the 
dormant condition, use of a rooting hormone, and use 
of a propagation mist and bottom heat on the rooting 
bench. Juniper and Roundleaf buffaloberry were 
obtained from the Porter-Walton nursery in 
Centerville, Utah as 1-gallon can transplants four 
months prior to field planting. They were 
conditioned to outplanting during the waiting period 
by being held outside in a protected area. At the 
time of planting they were in excellent condition. All 
of the plants grown in the greenhouse were 
conditioned to outside environment by maintaining 
cool conditions and reduced irrigation prior to 
outplanting. 

ESTABLISHING THE PAGE, ARIZONA FIELD 
PLOTS 

At Page, Arizona, each plot was 2 furrows 
wide and 2 meters long making a total area of 
approximately 39.6 meters wide and 31.9 meters 
long. The experimental design consisted of: 

4 treatments -

A. Seeded (plots 1-10) 
B. Planted (plots 11-20) 
C. Plated in amall basins (plots 21-30) 
D. Planted in basins and mulched plots 31-40) 

10 species-

1. Juniper (JunJpervs ost«npuma) 

2. Rouodlcafbuft'alobeny (Sheplaerdia rotundifolUJ) 
3. Fowwiq aaltbuah (Atrlplez canescms) 
4. Greco ephedra (EpMdra vlrldis) 
S. Blaclcbnllh (Coleogyne ramosi.ssinuJ) 
6. Indian rlcctrua ( Oryzppsis laymenoides) 
7. Galleta (Hill4ri4 Jamaia) 
8. Sand dropeecd (Sporobolus crypll»tdnu) 
9. Deeert tnarigold (&ileya rrudtin:Jdiata) 
10. Scarlet Jilia (Gilia aggregata) 

8 replications 
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Thus with 4 treatments, 10 species and 8 
replications there were 320 individual plots. Because 
of the large number of plots the arrangement of 
species and treatments was systematized to avoid 
errors in planting. The species were kept in sequence 
but the treatments were rotated within the replication. 
All transplants received 1 liter of water and .. f. 
fertilizer tablet in the bottom of the planting hofe. 
Greenhouse grade peat moss was used as a mulch in 
treatment 4 involving transplanting in a basin. Peat 
was also used in the seeding, treatment 1, by placing 
about 25 seeds in a 20 em diameter circle on peat 
moss and covering them with .6 em of soil to 
simulate natural conditions of seeds falling from a 
plant and being covered with litter and wind-blown 
soil. 

ESTABLISHING THE HALL'S CROSSING PLOTS 

At the Hall's Crossing site the plots were 1.5 
x 1. 5 meters square and comprised a total area of 20 
meters by 22.5 meters. A larger plot area was not 
possible because of local influences that would have 
reduced plot uniformity. The experimental design 
was almost identical to the one used at Page, Arizona 
with the exception that Desert mallow was used 
instead of Desert marigold and Scarlet gilia because 
of insufficient plant materials for these two species. 
The experimental design consisted of the following: 

4 treatments -

A. Seeded (plots 1-9) 
B. Planted (plata 10-18) 
c. Plated in amall buins (19-27) 
D. Planted in buins and mulched (28-36) 

9 species-
1. Juniper (JunJperus osu:osperma) 
2. Blackbtu1h (Coleogyne ramosi.ssinuJ) 
3. Roundleafbutfalobeny(Sheplaerdia rotundifolia) 
4. Fowwins aaltbuah (Atriplex canescms) 
S. Green ephedra (Eplaedra viridis) 
6. Indian ricegraaa (Oryzopsis laymenoilks) 
7. Gallcta (Hillaria jamuii) 
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CANYON FIRE AND OTHER RECENT FIRES IN 

GRAND TETON NATIONAL PARK 

• 
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DEPARTMENT OF BOTANY + UNIVERSITY OF WYOMING 
LARAMIE 

The focus of our research is to understand 
the rates and patterns of vegetation succession 
following fires in Grand Teton National Park. Our 
approach combines an intensive long-term study of 
biotic change on individual sites in Waterfalls 
Canyon, with an extensive investigation of the spatial 
variability of succession following fire throughout 
Grand Teton National Park. 

Our 1992 proposal outlined two broad 
objectives. First, we proposed to resurvey permanent 
plots at four study sites in Waterfalls Canyon for 
vegetation and bird abundance using the methods 
established by Barmore et al. (1976) and to 
summarize all the vegetation, bird and small mammal 
data which were collected from these permanent plots 
between 1975 and 1992. Our second major objective 
is to analyze the variability in plant establishment 
patterns and environmental conditions on six recent 
bums in the Teton region. The goal of our analysis 
is to demonstrate correspondence between vegetation 
patterns and the environmental variables that we 
measure. We feel that combining these two 
approaches to studying succession, namely a long 
term site-specific approach and a short term but 
spatially extensive approach will enable us to develop 
a model for predicting successional trends following 
fire within Grand Teton National Park. 

In the following paragraphs we outline the 
work that we have completed to date, the work that 
we are currently undertaking, and finally, a synopsis 
of the work we plan to complete before the end of 

this cooperative agreement. 

+ ACCOMPLISHMENTS TO DATE 

Objective 1. Waterfalls Canyon Permanent Plot 
Study 

Data on breeding bird density were collected 
during June and July, 1992, in conjunction with Rick 
Wallen, Grand Teton Park Biologist, at each of the 4 
study sites in Waterfalls Canyon (old growth, 1932 
bum, 1974 severe bum and 1974 moderate bum). 
Methods established by Barmore et al. (1976) were 
followed. In addition, data on habitat characteristics 
were collected for each sampling point on the four 
bird survey transects. All of the breeding bird 
density data, including that collected in 1975, 1976, 
1977 and 1983 by Barmore et al. (1976), have been 
entered into a computer file using LOTUS 1-2-3 
software. 

Vegetation Data 

In July, 1991, we relocated and sampled the 
vegetation in each of three 15 x 25 m macroplots at 
the four permanent plot locations, following the 
methods utilized in past vegetation sampling at these 
sites by Barmore et al. (1976). Voucher specimens 
were collected for many of the plant species found. 
We have entered understory and overstory data for all 
years (1975 - 1991) into a computer file using 
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LOTUS 1-2-3 software. During the summer of 
1992, each of the macroplots was revisited and 
photographs were taken from photo points established 
by Barmore et al. (1976) to document changes in 
vegetation. Data on the environmental characteristics 
of each of these plots such as slope, aspect, and soil 
characteristics were also collected in 1992. 

Small Mammal Data 

Based on our analysis of the small mammal 
data collected between 1975 and 1992 at the 
Waterfalls Canyon permanent plots, we concluded 
that inconsistencies in the method of data collection, 
combined with ongoing and more detailed research 
being conducted by Nancy Stanton and David Spildie 
on the response of small mammals to fire, suggested 
that our time would not be well spent resampling 
small mammals in 1992. To date, all of the small 
mammal data from 1975-1983 has been entered into 
a computer file using LOTUS 1-2-3 software and has 
been summarized. A report on the problems 
associated with the small mammal data was submitted 
along with our continuation proposal. 

Objective 2. Spatial Variability of Succession 
Following Fire 

Collection of Data and Refinement of Methods 

During the summer of 1992 (May through 
August) a total of 37 stands were sampled within 6 
recent fires in or adjacent to Grand Teton National 
Park. These fires include the 1974 Waterfalls 
Canyon Fire, the 1981 Mystic Isle Fire, the 1985 
Beaver Creek Fire, the 1987 Dave Adams Hill Fire, 
the 1988 Hunter Fire, and the 1988 Huck Fire. 
Using aerial photographs, geology, soils and 
topographic maps and on-site reconnaissance, stands 
were selected to represent the variability in biotic and 
abiotic conditions within the bum as a whole. Within 
each stand data were collected from one, two or three 
(S x 30 m) plots, depending on the size of the stand. 
Data were collected on the percent cover of 
herbaceous plants and woody shrubs and the density 
of seedlings, saplings and mature trees (dead and 
alive) within each 5 x 30 m plot. Other variables 
that we measured or estimated were slope, aspect, 
elevation, fire intensity, distance to unburned forest, 
ridgetop and valley bottom. In addition soil horizons 
were described and soil texture was estimated to a 
depth of ca SO em. Soil samples were collected from 

each plot for future analysis. 

+ WORKINPROGRESS 

Objective 1. Waterfalls Canyon Permanent Plot 
Study 

Data Summary and Preparation of Final Reoort 

We are currently identifying all of the 
unknown plant specimens collected within the 
permanent plots in Waterfalls Canyon. When this 
task is completed, the computerized data will be 
updated accordingly and data from all years will be 
summarized in a tabular format. We expect that a 
written report of our results for the Waterfalls 
Canyon Permanent Plot study will be co~leted by 
the spring of 1993. We plan to present our results at 
the annual meeting of the Ecological Society of 
America and submit a manuscript to a peer-reviewed 
journal. 

Objective 2. Spatial Variability of Succession 
Following Fire 

Development of GIS Database 

The development of a prototype GIS 
database using GRASS is underway for the Dave 
Adams Hill Fire. This database will consist of slope, 
aspect, elevation, geologic substrate and fire patch 
boundaries derived from aerial photos. We are 
coordinating our efforts with Sue Fullerton, GIS 
specialist at Grand Teton National Park, in order to 
develop a database which will meet our research 
needs. Our preliminary use of this database will be 
to classify the landscape and stratify our sampling 
locations within each of the fires according to the 
landscape classes we derive. This database will also 
be useful in analyzing our data in a spatially explicit 
manner. 

Analysis of 1992 Data 

The identification of plant specimens, the 
analysis of soil samples, data entry, and analysis of 
data collected in 1992 will be started in late spring 
1993 and continue through December. 



Refine Methods and Preparation of 1993 Continuation 
Prooosal 

During the spring of 1993 and early summer 
1993 we will concentrate on the further development 
and identification of the techniques yte will use to 
treat and analyze our data. Progress on this 'Objective 
will be reported in our 1993 continuation proposal. 

t RESEARCH SCHEDULE 

Spring - Summer 1993: Prepare continuation 
proposal. Complete Final Report on results of the 
Waterfalls Canyon permanent plot study and submit 
to peer-reviewed journal. Present results at ESA 
annual meeting. Continue the development of a GIS 
database. Make progress regarding .how data will be 
treated and analyzed. Start entry of 1992 data and 
conduct preliminary analysis. Contin~e . with data 
collection in Grand Teton National Park. · ~ ~~ ··: 

Fall 1993: Continue with data analysis and 
development of successional model. 

Spring 1994: Continue with data analysis and model 
development. Seek funding for continuation of 
project for one additional year. 

Summer 1994: Sample additional stands within the 
six bums identified. ---

Fall 1994 - Summer 1995: Complete data analysis 
and write dissertation. 

In summary, field work and data analysis are 
on schedule. We feel that the kind of research we 
are undertaking has important applications for natural 
resource managers. Succession during the first 
twenty years following a stand-replacing fire is likely 
to shape the vegetation patterns on that site for 
decades to come. Thus, knowledge about 
successional trends has implications for understanding 
available habitat for wildlife, patterns of biological 
diversity' and ecosystem processes at various scales. 
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Furthermore, we believe our research has 
potential significan~ beyond Grand Teton National 
Park and the Greater Yellowstone Region. Very little 
quantitative research has been conducted to 
understand relationships between successional patterns 
and environmental variables in the Rocky Mountains. 
In addition, techniques developed through this 
research may provide a model for studying the spatial 
heterogeneity of secondary succession in other 
landscapes. 
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• OBJECTIVES 

The purpose of the research begun in 1989 
is to ascertain how selectively voles of these species 
feed, and to assess vegetation as a factor in 
demographic processes in the two species. Microtus 
longicaudus exhibits relatively stable numbers while 
M. montanus has dramatic fluctuations in some 
habitats. The study sites for M. montanus have been 
chosen to include primary and secondary habitat, and 
proximate and isolated habitat patches. Vegetation 
has heretofore not been quantitatively analyzed. 

+ METHODS 

Virtually all previous work on these species 
conducted by the author during 1971-1977, and 1982 
-1988) involved live trapping. The work of interest 
requires specimens obtained in Museum Special traps 
for stomach content analysis. The trapping begun in 
1989 is a preliminary effort, the first purpose of 
which was to assess the efficacy of Museum Special 
traps. The number of sites where M. longicaudus is 
found is being increased across a spectrum of 
vegetation types. Only three populations of this 
species were monitored from 1982-1988. Also, at 
three sites with populations of M. montanus, live 
traps are still deployed to secure voles; it is hoped 
that, by replicating previous efforts at these three 
sites, work on food habits can be related to possible 
changes in vole numbers. For this end the three sites 
chosen for continued monitoring with live traps are 
one field having definite population fluctuations, one 
site peripheral to primary habitat, and one site of 

secondary habitat. 

Most trapping periods were limited to two 
days so that impact on the respective populations 
would be minimized. From fresh specimens, eyes 
were removed for age determination based upon lens 
weight (Gourley and Jannett, 1975). 

+ REsuLTS 

At two sites the populations of M. montanus 
decreased from October, 1991 to October, 1992 by 
69% and 79%, respectively. But in secondary 
habitat, the number of voles in the sample (4) 
remained constant. 

Breeding continued in one of the three 
populations of M. montanus in October. Of nine 
apparently parous females, the two at one site were 
still lactating. No other was pregnant or lactating. 
The sex ratios (males:females) of reproductively 
active and formerly reproductively active individuals 
in the two higher density populations were 1:2 and 
1: 1.5, respectively. 

One or . more Microtus longicaudus were 
obtained in six of the seven sites surveyed. These 
sites varied in exposure, gradient, and vegetation, and 
included a dry south-facing shrub community, cool 
ravine, north-facing timber stand, pond embankment, 
willow-sedge-grass community, and talus field. The 
only site where they were not found was dominated 
by grass-sage. 



• DISCUSSION 

The pattern of early cessation of seasonal 
breeding in a relatively high density population of M. 
montanus (Jannett 1978) has again been observed. In 
1992, the higher of the two substantial populations 
exhibited no reproductive activity, whereas the less 
dense population had females still lactating. This was 
of additional significance in that the latter population 
had, nonetheless, declined from 1991, whereas 
continued fall breeding is usually seen in the increase 
phase of a vole "cycle" (Krebs and Myers 1974; 
Jannett 1984). Continued monitoring of the three 
representative M. montanus sites is showing the 
disparity in population size trends within one year. 
Whether there is concomitant disparity in 
morphological patters among specimens awaits 
processing and analyses. 

Eighteen populations of M. montanus were 
previously identified during 1982-1988, but only 15 
populations of M. longicaudus have been "found" to 
date. I will identify 18 preliminary to vegetation and 
gut analyses. Negus and Findley (1959) secured no 
Microtus longicaudus from 17 quadrats in nine 
community types in and around Jackson Hole. They 
found it elsewhere and concluded that it was the least 
common species of Microtus in Jackson Hole. 
However, Clark and Stromberg (1987), in a more 
popular account, posited it in various habitats, 
including grassland and streamside. Long-term 
monitoring of M. montanus in this ongoing study 
indicates M. longicaudus is uncommon in open 
grassland dominated by M. mont anus, but otherwise 
does show considerable habitat breadth. Streamsides 
have not been included as yet in the search for 
additional populations and will be the focus of work 
in 1993. 
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+ OBJECTIVES 

From 1987 through 1989 we undertook a 
study in Grand Teton National Park and on the upper 
Green River, Sublette County, Wyoming, to measure 
growth rates of cohorts of montane voles, (Microtus 
montanus) born in May, June, July, and August. We 
documented dramatic differences in growth rate 
among cohorts, in a given year and between years 
(Negus, Berger and Pinter, 1992). We hypothesized 
that these are flexible responses to several 
environmental cues. Is this, however, a phenotypic 
response to an array of environmental cues, or is it 
actually a reflection of differential utilization of plant 
species that may exhibit different nutritional levels? 
This question cannot be answered at the present since 
virtually nothing is known about dietary preferences 
of Microtus montanus. However, seasonal variation 
in . food selection has been documented in several 
other species on voles (Rothestein and Tamarin, 
1977, Cole and Batzli, 1979, Goldberg et al. 1980) 
with considerable implications for winter survival and 
population dynamics. In Microtus mont anus a similar 
link may exist between growth, maturation, 
longevity, and population dynamics on the one hand 
and dietary composition on the other (e.g., Pinter and 
Negus 1965, Berger et al. 1981, Pinter 1988, Berger 
et al. 1992, Negus, Berger and Pinter 1992). 
Consequently, we undertook a study to investigate in 
detail the utilization of plant resources by the 
montane vole, Microtus mont anus. The objectives of 

, .. 

this project are twofold: (i) to identify the plant 
species that constitute the diet in natural populations 
of M. montanus and (2) to determine seasonal food 
preferences in relation to the availability of plant 
species and to the age, sex and cohorts of the 
montane vole. 

+ METHODS 

The work was carried out at two field sites, 
approximately 160 km apart, in northwestern 
Wyoming. One study area is within Grand Teton 
National Park (GTNP site). The other is located 
along the upper Green River (GR site}, near the 
boundary of the Bridger-Teton National Forest, 
Sublette County, Wyoming. Both sites are mesic 
mountain meadows at elevations ranging from 2057 
to 2134 m. Both sites are quite similar in floristic 
composition, consisting of a mixture of grasses, 
sedges, and forbs. 

Voles were livetrapped at both sites in spring 
(May), summer (July/August) and fall 
(October/November). Winter trapping of voles 
(monthly sampling, November-March) will be carried 
out only at the GR site because winter trapping 
necessitates the use of tall marker poles with flags. 
The poles and flags have to be set out before 
permanent snow cover is established. Since these 
items are highly visible from considerable distances 



they would constitute an unsightly intrusion at the 
sites within Grand Teton National Park. Because of 
the similarities in floristic composition and cohort 
dynamics at all sites (Negus, Berger and Pinter 1992) 
we are confident that winter data can be extrapolated 
from the GR site to the GTNP site. The only aspect 
missing from the GR site (and present for the GTNP 
sites) is a long-term record of population dynamics. 

At each study site transects are run to 
provide data on the relative abundance of plant 
species. Both, monocotyledonous and dicotyledonous 
plants were collected and identified in each habitat 
(no more than 1-2 specimens per species were taken). 

During each period of plant sampling we 
also collected 6-10 M. montanus of both sexes, from 
each of the age groups (cohorts). 

The initial processing of field samples was 
carried out at the UWNPSRC laboratory. All the 
livetrapped animals were sacrificed, and stomach and 
fecal samples collected. From all collected plant 
material 2-3 slides were prepared. 

Final analysis of the slides and statistical 
analysis of the data will be carried out at the 
University of Utah (Biology Department). Plant 
remains in stomach and fecal samples will be 
identified from epidermal fragments, using the 
reference slides of plant material prepared earlier. 
For each sample ten random fields will be scored for 
epidermal fragments. 

+ REsuLTS 

Since the proposed work is still in progress 
as this report is being written, only limited 
preliminary results are available. We have prepared 
the reference slides of plant material to be used in the 
analysis of material from fecal samples and stomach 
contents. Photomicrographs are currently being taken 
in all these reference slides. 

Stomach and fecal samples from animals 
trapped between May and November have been 
prepared on slides for microscopic analysis. Winter 
collecting of animals is currently in progress and no 
materials from these captures have as yet been 
prepared. 
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Preliminary survey of materials prepared to 
date indicates that for Microtus montanus, regardless 
of sex, age or gonadal status, over 90% of the diet 
consists of monocotyledonous plants. However, at 
any given study site at any given time the actual 
plants being consumed differ among individual voles. 
This difference may reflect the relative abundance of 
different plant species in the immediate vicinity of an 
individual vole's burrow. 

+ CONCLUSIONS 

A preliminary survey of the data collected so 
far suggests that 90% of the diet of Microtus 
montanus consists of monocotyledons, although 
individual animals at a given time and at a particular 
study site may consume entirely different species .of 
monocots. Dietary preferences are apparently 
uninfluenced by the sex, age or gonadal status of the 
voles. 
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+ OBJECTIVES 

Multiannual fluctuations in population 
density ("cycles") of small rodents have been known 
since antiquity (Elton 1942). Numerous hypotheses 
have been proposed to explain this phenomenon (for 
reviews see Finerty 1980, Taitt and Krebs 1985). 
However, none of these hypotheses, alone or in 
combination, have been able to explain the causality 
of cycles. 

The objectives of this long-term study are to 
determine whether environmental variables, possibly 
acting through reproductive responses, contribute to 
the multiannual fluctuations of the montane vole, 
Microtus mont anus. 

+ METHODS 

In 1992Microtus montanus were live trapped 
at two times of the year: the second half of May 
(spring study period) and mid-July to mid-August 
(summer study period). Animals were killed with an 
overdose of Metofane as soon as possible after 
capture. Animals were aged using weight, total 
length and pelage characteristics. Reproductive 
organs, the spleen and the adrenal glands were 
collected from all animals and preserved in Lillie's 
buffered neutral formalin for further histological 
study. Flat skins were prepared from all animals. 

Population density was estimated on the basis 
of the trapping success in a permanent grid 
(established in 1970). The grid consists of 121 
stations placed in a square, 5 m apart, 11 stations (50 
m) on a side. Each station is marked with a stake. 
Trapping in this grid was performed only during the 
summer study period. One unbaited Sherman 
livetrap was set at each station. Additional trapping 
was carried out in nearby meadows to obtain 
additional females for litter size determination. In 
these areas, traps were not set in a regular pattern; 
rather, they were placed only in locations showing 
recent vole activity (cuttings, droppings). 

During the spring study period trapping was 
carried out in a number of sites, all well removed 
from the permanent grid. The objective of trapping 
during the spring study period was to determine (on 
the basis of embryo size) the onset of reproduction on 
a population-wide basis. The reason for not trapping 
the grid during the spring study period was to leave 
the site as undisturbed as possible since the grid is 
the major source of information on population 
density. 

+ RESULTS 

For a second consecutive year Microtus 
montanus populations achieved very high densities at 
all study sides in both, optimal and marginal habitats. 
The high population densities attained by these 
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rodents in 1992 were a consequence of a number of 
factors. To start with, a large number of montane 
voles had survived the winter~ Next, during the 
spring study period all female M. montanus trapped 
were already pregnant. In M. montanus at all study 
sites the first litter of the year invariably becomes 
reproductively active in the year of its birth (Pinter 
1988, Negus, Berger and Pinter 1992). Thus a very 
large breeding population was available early in the 
breeding season of 1992. Finally there was a high 
reproductive success by this very large breeding 
population through the entire study period. 
Consequently, by mid-August near-record densities of 
M. montanus were recorded at all study sites. 

A small number of meadow voles (M. 
pennsylvanicus) was also trapped in one of the grids. 
Their population density remained essentially 
unchanged from 1991. Similarity, there appeared to 
be no changes in the population densities of 
Peromyscus maniculatus and 1homomys talpoides. 

+ CONCLUSIONS 

The most noteworthy aspect of the 1992 
findings is that very high densities of Microtus 
montanus persisted for two consecutive years at all 
study sites. The same situation was also observed in 
other parts of Wyoming, emphasizing the geographic 
synchrony of this phenomenon. Such geographic 
synchrony continues to support the hypothesis that 
climate plays a significant role in the population 
cycles of small rodents (Pinter 1988, Negus, Berger 
and Pinter 1992). Consequently the principal aim of 
this long-term study is to uncover the proximal 
factors (e.g., Pinter 1986, 1988, Watkins et al. 1991, 
Negus, Berger and Pinter 1992) that underlie these 
cycles. 
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+ INTRODUCTION 

The sagebrush cricket, Cyphoderris 
strepitans is one of only five extant species belonging 
to an ancient insect lineage, the Haglidae, believed to 
be ancestral to modem-day crickets and katydids 
(Orthoptera: Ensifera) (Morris and Gwynne 1978, 
Vickery 1989). C. strepitans occurs exclusively in 
mountainous areas of Wyoming and Colorado, where 
it is found primarily in high-altitude sagebrush 
meadow habitat. Adults become sexually active in 
May, shortly after snow melt, and remain active for 
the next 4-6 weeks. Pair formation is mediated 
through acoustic signaling by males, which functions 
to attract sexually receptive females (Snedden and 
Sakaluk 1992). Copulation is initiated when a 
receptive female climbs onto the dorsum of a male, 
at which time he attempts to transfer a 
spermatophore. During copulation, the female feeds 
on the male's fleshy hindwings and bodily fluids 
leaking from the wounds she inflicts, behavior which 
constitutes a form of courtship feeding (Dodson et al. 
1983, Sakaluk et al. 1987, Morris et al. 1989, 
Sakaluk and Snedden 1990). At the same time, the 
female is secured by the male's abdominal pinching 
organ, a device known as a "gin trap" (Morris 1979). 

The gin trap of a male C. strepitans consists 
of two pairs of recurved spines, one pair directed 
anteriorally and the other posteriorally, located on the 
lOth and 8th tergites, respectively. The spines are 
brought together, pinching the female's abdomen, as 
the male's tergites are telescoped inward during his 

attempts to secure genitalic contact (Morris 1979). 
Although the gin trap clearly serves a reproductive 
role, its precise functional significance remains 
unknown; comparable reproductive structures are not 
known from any other family of the Orthoptera. 

The objective of the proposed research was 
to test four hypotheses related to the functional 
significance of the gin trap: 

1) The gin trap functions to permit males lacking 
adequate wing material to force-copulate females (see 
Thornhill 1980, 1984 for assessment of a similar 
hypothesis concerning the dorsal clamping organ of 
male scorpionflies ). The "forced-copulation" 
hypothesis assumes that previously-mated males lack 
sufficient wing material to preoccupy females during 
copulation. 

2) The gin trap functions to prevent females from 
opportunistically feeding on males. The 
"opportunistic-feeding" hypothesis assumes that wing 
feeding is energetically costly to males, resulting in 
selection on males to deter females from adopting an 
"eat-and-run" strategy. The occurrence of 
opportunistic feeding by females has been 
documented in a number of gift-giving insect species 
(Bell1980, Freidberg 1981, Berg and Valley 1985, 
Sakaluk 1987), including C. strepitans (Dodson et al. 
1983). 

3) The gin trap functions to prevent males from 
being displaced by rival males during copulation. 
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The "copulation-disruption" hypothesis implies that 
the gin trap serves to reduce the risk of cuckoldry 
and the concomitant risk of sperm competition 
(Parker 1970, 1984). 

4) The gin trap functions to ensure the correct 
alignment of male and female genitalia. The 
"genitalic-alignment" hypothesis implies that the gin 
trap is required. __ · f.Qr successful spermatophore 
transfer. -_._ 

+ METHODS 

The study was conducted from May 15 -
June 25, 1992 at the University of Wyoming-National 
Park Service Research Center in Grand Teton 
National Park. Virgin males (as evidenced by 
undamaged hindwings) and females of unknown 
mating status were collected at night at two study 
sites previously established within the park 
(Deadman's Bar and Pacific Creek) and at one 
additional site near the Bridger-Teton National 
Forest. Perching locations of males were found by 
orienting to the acoustic signals produced by 
individual males and then searching the sagebrush 
with the aid of a head lamp. Females, because they 
are mute, were found by systematically searching the 
sagebrush. Captured crickets were transported back 
to the research center and maintained according to 
standard procedures (Sakaluk et al. 1987, Sakaluk 
and Snedden 1990, Snedden and Sakaluk 1992). 
Males were assigned to one of four experimental 
treatments: 1) males whose hindwings and gin traps 
were left intact, 2) males whose hindwings were left 
intact but whose gin traps were disabled, 3) males 
whose hindwings were remov¢ but whose gin traps 
were left intact, and 4) males whose hindwings were 
removed and whose gin traps were disabled. The 
hindwings of males were removed by severing them 
at their base. The gin traps of males were disabled 
by shearing off the anterior spines with 
microscissors, and covering the posterior spines with 
nail polish applied with an entomological pin. 

Each night of the study, one male from each 
of the four treatments was paired with a female, and 
their mating activity monitored over a 12-hour period 
using time-lapse video photography. Experimental 
pairs were confined in a Plexiglas viewing chamber, 
divided into four equal compartments to prevent 
contact between crickets of different pairs. Upon 

review of video recordings, the following data were 
obtained for each male: 1) the duration of calling, 2) 
the total number of mounts by the female, 3) the 
duration of each mount, and 4) the number of mounts 
that resulted in successful transfer of the 
spermatophore. A total of 88 pairs, 22 pairs in each 
treatment, were observed in the course of the study. 

The four competing hypotheses concerning 
the function of the gin trap yield different predictions 
with respect to the outcome of the experiments. The 
forced-copulation hypothesis assumes the males with 
intact wings need not rely on the use of the gin trap 
to secure copulations, because these males can retain 
the cooperation of the female through courtship 
feeding. For such males, the hypothesis predicts that 
there should be no significant difference in the mating 
success of males whose gin traps have been left 
unaltered and those whose gin traps havg been 
disabled. In contrast, males whose hindwings have 
been removed must rely on their gin traps to secure 
copulations; for these males, the hypothesis predicts 
that those with intact gin traps should experience a 
significantly higher mating success than males whose 
gin traps have been disabled. 

In contrast to the forced-copulation 
hypothesis, the opportunistic-feeding hypothesis 
assumes that males are always at risk of the loss of 
resources to females who feed on their wings and 
dismount prior to the transfer of the spermatophore. 
Hence, the hypothesis predicts that males with intact 
gin traps should mate more frequently than males 
whose gin traps have been disabled, regardless of the 
condition of the hindwings. 

The copulation-disruption hypothesis 
assumes that the gin trap confers an adaptive benefit 
only when copulating males are at risk of interference 
from neighboring males. Since experimental pairs 
were confined in the absence of rivals, the hypothesis 
predicts no difference in the mating success of males 
with or without intact gin traps, regardless of wing 
condition. 

According to the genitalic-alignment 
hypothesis, the gin trap is required for the proper 
alignment of male and female genitalia during 
copulation. The hypothesis predicts that males 
lacking a functional gin trap should rarely, if ever, 
successfully transfer a spermatophore to the female, 
regardless of wing condition. 



• RESULTS 

CALLING ACTIVITY OF TREATED VS. 
UNMANIPULATED MALES 

All but one experimental male exhibited at 
least some calling activity during the course of a trial. 
The amount of calling, measured as the number of 5-
minute periods in which males called, was not 
significantly affected by either wing or gin trap 
treatment, nor was there any significant interaction of 
the two main effects (ANOVA, F=0.31, p>0.05). 
Based on the 5-minute sampling protocol, males 
called on average over a cumulative period of 268.5 
minutes during the course of a trial (n=88, 
s.e. = 10.0). 

MALE MATING OPPORTUNITIES AND 
MATING SUCCESS 

For a complete mating, the female must first 
mount the male and remain mounted long enough for 
the male to transfer the spermatophore. In the 
following analysis, only mounts that occurred before 
the first successful spermatophore transfer were 
considered, because it is unlikely that females in the 
field re-mount males, or even remain in. their near 
vicinity after receiving a spermatophore. Males were 
mounted by females 6.6 times on average (n=88, 
s.e. =0.9). An ANOVA revealed no significant 
differences across treatments in the number of mounts 
(=mating opportunities), but the resulting F-value 
was only marginally short of statistical significance 
(AN OVA, F=2. 70, p=0.051). Additional replicates 
would be useful here to increase the power of the 
statistical test and help clarify if there is indeed no 
effect of treatment on the number of mating 
opportunities secured by males. 

In a total of 13 pairs, the female did not 
mount the male even once during the course of a 
trial. The frequency of pairs in which the female 
never mounted the male was not affected by gin trap 
treatment. In pairs involving males with intact 
hindwings (n=44), there were only three such pairs 
without mounts, one of which involved a male with 
an unmanipulated gin trap, and the others involving 
males whose gin traps had been disabled; this 
difference was not significant (G-test, G=0.364, 
p > 0.05). For males whose hindwings had been 
removed, seven without a functional gin trap (n=22) 
and three with a functional gin trap (n = 22) were not 
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mounted at all; this difference also was not significant 
(G-test, G=2.117, p>0.05). 

The proportion of pairs that successfully 
transferred at least one spermatophore was 
significantly affected by wing and gin trap treatment 
(Table 1, G-test: 15.784, p<0.01). Specifically, for 
males whose hindwings had been removed, those 
with functional gin traps experienced a significantly 
higher mating success than those whose gin traps had 
been disabled (G-test, 0=5.946, p<0.02). 
However, for males whose hindwings had been left 
intact, there was no difference in the mating success 
of males with functional gin traps and those whose 
gin traps had been experimentally disabled 
(percentage of males transferring at least one 
spermatophore was the same, 36%, for both gin trap 
treatments). Another way of testing this effect is .-to 

•t -
compare the average number of matings males were 
able to obtain in each treatment. An ANOV A 
revealed significant differences across treatments in 
the number of spermatophores males transferred 
(ANOVA, F=3.31, p<0.05). Specifically, 
manipulation of the ability of males to feed females 
had a significant effect on the number of 
spermatophores transferred (F=8.59, p<0.01), 
whereas manipulation of the ability of males to secure 
females did not (F = 1.27, p > 0. 05). There was no 
significant interaction between gin trap and wing 
treatments (F=0.05, p<0.05). The mean number of 
matings for males with hindwings was 0.41 
(s.e. =0.09); for males without hindwings, the mean 
number of matings was 0.11 (s.e.=0.05). 

Table 1. Mating success of male Cyphodenis strepitans. 

Spennatophore transferred? 

yes no 

Wing treatment Gin trap treatment 

intact intact 8(36%) 14 

intact removed 8(36%) 14 

removed intact 4(18%) 18 

removed removed 0(0%) 22 
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• CONCLUSIONS 

The lack of a difference across treatments in 
the amount of calling exhibited by males indicates 
that our experimental manipulations did not have any 
detrimental effects on the males' ability to call. 
Additionally, there were no significant differences 
across treatments in the number of times females 
mounted males, suggesting that females did not 
discriminate against males of different treatments 
prior to mounting. 

Three of the four functional hypotheses were 
effectively falsified by our results. The 
opportunistic-feeding hypothesis predicted that in both 
wing treatments, males with intact gin traps should 
mate more frequently than males without functional 
gin traps. This prediction was not upheld; there was 
no difference in the mating success of males with or 
without intact gin traps when males' hindwings had 
been left intact. The copulation-disruption hypothesis 
predicted no difference in the mating success across 
treatments; however, the higher mating success of 
males with intact gin traps in males without 
hindwings was not consistent with this hypothesis. 
Finally, the fact that in the treatments with intact 
hindwings, males without gin traps transferred no 
fewer spermatophores than males with gin traps, 
shows that the gin trap is not required for a proper 
alignment of male and female genitalia during 
copulation and thus falsifies the genitalic-alignment 
hypothesis. 

The only hypothesis supported by our data 
was the forced-copulation hypothesis. The gin trap 
of male Cyphoderris apparently functions as a device 
for males with insufficient hindwing material to force 
copulation upon females unwilling to accept their 
spermatophores. The gin trap aids in extending the 
duration of a mount long enough for the male to 
successfully extrude the spermatophore and attach it 
to the female genitalia. 
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+ INTRODUCTION 

The Snake River plains and foothill areas of 
Jackson Hole have been grazed by domestic livestock 
since settlement of the area. Wildlife populations, 
including elk, mule · deer, and antelope have 
historically used and continue to use the area. Moose 
are currently relatively abundant and a small herd of 
bison have been introduced. Currently, livestock use 
part of the area contained in Grand Teton National 
Park either as a concession or due to authorization by 
Park enabling legislation. Park managers need 
information concerning the effects of grazing by large 
ungulates on vegetation resources to assist in 
effectively managing grazing to service forage needs 
and achieve desired plant community goals. 

+ OJECTIVES 

The objectives of this research are summarized 
as follows: 

1) Determine kind and location of important 
potential natural plant communities (PNC's) 
within a study area largely defined by areas of 
current use by livestock, east of the Snake 
River' and adjacent comparable areas used only 
by wildlife, west of the river. 

2) Compare current vegetation composition on 

representative sites used by livestock and 
wildlife with potential composition for the same 
sites with an emphasis on comparisons of 
livestock and wildlife effects. 

3) Estimate forage utilization on key sites and map. 
utilization patterns. 

4) Establish permanent vegetation trend monitoring 
transects. 

5) Provide grazing management recommendations 
to the Park Service to assist them in reaching 
their vegetation management goals. 

6) Assess impacts of herbivory on density of 
woody plant species along the Snake River. 

+ STUDY AREA 

The study area is in Grand Teton National Park 
and primarily includes areas along and west of the 
Snake River used by wildlife and areas of similar 
vegetation east of the river where livestock are a 
predominant or important user. Livestock areas 
include the Cunningham Cabin pasture, Triangle X 
guest ranch horse pasture, the Uhl Draw/Elk Ranch 
Reservoir area, Blacktail Butte pasture, and Antelope 
Flats to a lesser extent. 



+ MEmODS 

Establishment of field sites for data collection 
began in June of 1991. Specific areas had been 
examined in August 1990 with respect to potential for 
high use by grazing animals and need for detailed 
vegetation analysis and monitoring. In these areas 
specific selected sites included: 1) Upland plains 
west of the Snake River, grazed only by wildlife. 
Sites characterized by sagebrush-grass vegetation 
were located in the Potholes area (sec 23 R115W 
T44N) and Cow Lake (sec 32 R114W T44N) area. 
2) Floodplains (Cottonwood dominated lowlands and 
wetlands characterized by willow /sedge communities) 
west of the Snake River, grazed only by wildlife. 
Two sites were located across from the Triangle X 
horse pasture (sec 7 R114W T44N). 3) Elk Ranch 
Reservoir area, grazed predominantly by cattle in 
summer and by wildlife. Sites were located in upland 
(sec 12 R114W T44N) and lowland (sec 1&2 R114W 
T44N) sagebrush-grass vegetation, and in a 
subirrigated graminoid community (sec 6 R113W 
T44N). 4) Large pasture east of the Snake River and 
between the Cunningham Cabin and the river, grazed 
by both wildlife and livestock in summer. A site was 
located in a marginally irrigated graminoid vegetation 
type (sec R114W T44N). 5) Floodplains east of the 
Snake River in the Triangle X horse pasture, grazed 
by horses in summer and wildlife. Sites were located 
in cottonwood lowlands and subirrigated 
willow/graminoidhabitats (sec 24 R115W T44N). 6) 
Antelope Flats, the upland plain east of the Snake 
River, minimally grazed by cattle during trailing to 
summer pasture and wildlife. A site was located in 
sagebrush-grass vegetation (sec 2 R115W T43N). 7) 
Blacktail Butte pasture, south of the Butte, grazed by 
cattle in early Slimmer and wildlife. A site was 
located in sagebrush-grass vegetation (sec 7 R115W 
T42N). 

The standard monitoring program installed on 
each of the 12 sites consisted of a trend transect with 
20, .25 ml, permanently marked quadrats and 5, 1 
m2

, movable cages. An additional 20 temporary 
quadrats were located parallel to the trend transect 
when sampling was conducted. Additionally, sites in 
cottonwood and willow communities had 3 utilization 
transects with 100 marked twigs of woody plants. 

Permanent quadrat locations on trend transects, 
inside cages, and temporary quadrat locations were 
sampled in July and August 1991 and 1992, near 
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peak standing crop, with a .25m2 nested frequency 
quadrat frame (US Forest Service Region 4 Range 
Analysis Handbook). Nested frequency scores were 
recorded for every species of herbaceous and low 
shrub vegetation. Standing crop of major species and 
functional groups, i.e. forbs, was estimated. One
half of the temporary and all caged quadrats were 
harves~ with major species or functional groups 
estimated bagged separately, dried, and weighed. 
Synthesis of these data include determining the 
relationship between estimated and harvested weights 
and adjustment of estimated weights by application of 
regression coefficients. Percent composition by 
weight of species and groups will be calculated. 
Relationships of composition to frequency scores will 
be examined. Comparisons of site frequency scores 
and composition by weight to available estimates of 
potential plant community (PNC) scores aria 
composition (from USDA Soil Conservation Service 
technical guides and Forest Service records) will be 
made to assess ecological condition. 

The utilization study started by the Botswannan 
student was abandoned due to his changing to another 
program. Consequently, we refocused our efforts on 
2 species, willow and cottonwood with new transects 
logistically more compatible with our work force. 
These utilization transects (12 total, 3 each willow · 
and cottonwood, each side of the river) were 
established in August by marking twigs with colored 
wire and recording length of twigs of willow or 
cottonwood. Any browsing as of August was noted. 
Twig lengths will be measured again in November 
1992 and May 1993 to determine fall and winter 
utilization respectively of each species for each 
transect. Utilization will be based on difference in 
twig lengths over each period of measurement. 

Density of major trees and shrubs m 
floodplain/riparian areas was determined again in 
1992 to assess relatively large scale use pattern 
effects on these types of habitats. The sample plot 
location procedure this year provided for equal 
representation of the flood plain on each side of the 
river. Predominant grazing animal use west of the 
Snake River is by wildlife including bison and elk in 
summer and large concentrations of elk in late fall; 
the Triangle X pasture is used by horses and wildlife 
in summer and wildlife in winter while other areas 
east of the river are used by wintering moose. 
Hunting may limit elk concentrations east of the river 
during fall. All areas have moose grazing in winter. 
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Occurrence of all size classes of a species could 
indicate reproduction is occurring while a restricted 
number of one age class or substantial differences in 
numbers of plants might suggest some limitation. 
Sampling consisted of counting the number of plants 
of each species of tree or shrub in 3 size classes (1 = 
< 1.5 m, 2 = 1.5-3 m, 3 = > 3 m) in a 20 by 20 
m plot. Sampling was stratified into cottonwood 
communities and willow dominated communities. In 
the floodplain east and west of the Snake River, 
sample plots were located at about 0.4 m (114 mile) 
intervals if communities were present, from near the 
old Bar-BC Ranch north to near RKO Road, a 
distance of about 16 km. At each point the nearest 
stand of cottonwood and willow community was 
sampled. 

Mapping of utilization patterns was conducted 
in late August to assist in broadening the area of 
inference associated with individual study sites. 
Comments in this regard will primarily address 
differences in use of different habitats rather than 
spatial differences as customarily associated with 
mapping, due to the biggest differences typically 
occurring between habitats rather than between. 
different places in an area with the same habitat. 

+ RESULTS 

Data summary for this year is underway. A 
summary of the tree and shrub density without 
statistical analysis is available and presented below 
(Table 1). Programming of the productivity 
summarization software program has been completed 
and data entry is well underway. 

Forest Service records in Jackson were searched 
without success for plant community (PNC) 
descriptions that would be useful for our study area. 
The absence of PNC descriptions based on nested 
frequency means that these data will only be useful 
for trends and that Soil Conservation Service (SCS) 
guidelines based on biomass will be used to assess 
ecological condition of sites. SCS personnel have 
visited the study sites and will return next summer 
with a soil scientist to verify that appropriate PNC 
descriptions will be used in assessing ecological 
descriptions. Nested frequency monitoring if 
continued in the future may be useful for indicating 
whether some type of change is occurring in a 

species. However, additional data from some other 
plant abundance measure, in this case the biomass 
measurement, must be available to indicate what type 
of change is occurring. 

Woody plant densities were sampled to test the 
hypothesis that more fall and winter grazing by elk 
and moose west as compared to east of the Snake 
River was limiting the recruitment of plants into 
larger size classes. Hunting may limit fall elk use 
east of the river. Circumstantial evidence of this 
occurrence would be a reduction, west of the river in 
density of one or more of the smaller size classes. 
Ultimately taller size classes would also be reduced. 
The palatable shrubs, water birch, silverberry, russet 
buffaloberry, and willow, appear to be more 
abundant east of the river (Table 1). Engelmann 
spruce appears to be increasing in all areas hut more 
so east of the river as indicated by the preseilce of all 
age classes, suggesting the probable replacement of 
deciduous tree and shrub communities by spruce. 

The reconnaissance to map utilization patterns 
generally indicated that through late August utilization 
levels at the sampling sites was representative of the 
area where the site was located. Summer utilization 
of vegetation in the sagebrush-grass community of the 
Potholes and Cow Lake areas was low. Elk using the 
area appeared to have made more use of edges of 
timbered areas particularly where aspen occurred. 
Lake borders in the Potholes area had heavy use of 
subirrigated vegetation. A wet meadow near Cow 
Lake was found that had very little utilization of 
herbaceous material suggesting that grazing in that 
area occurs in fall and winter, if at all. Antelope 
were making heavy use of ephemeral vegetation in 
the bottom of Cow Lake as the water receded. 
Floodplain herbaceous vegetation west of the Snake 
River was used at moderate levels. Highest use 
occurred in subirrigated perimeters of wet areas 
dominated by Kentucky bluegrass and clover. In the 
Cunningham pasture, subirrigated areas dominated by 
Kentucky bluegrass and clover were heavily used 
while adjacent wet areas characterized by tall sedges 
received little use. The Triangle X pasture had 
received light to moderate use overall. Few areas of 
intensive use were evident. Grazing in the Uhl Hill 
pasture by cattle was concentrated in the irrigated 
areas and adjacent lowland sagebrush-grass area 
downstream from the reservoir. Herbage in the 



T
ab

le
 1

. 
T

re
e/

S
h

ru
b

 d
e
n

si
ty

 
(p

la
n

ts
/4

0
0

 m
2 

±
 S

E
) 

e
a
s
t 

an
d

 w
es

t 
o

f 
th

e
 S

n
ak

e 
R

iv
e
r,

 
G

ra
n

d
 T

et
o

n
 N

a
ti

o
n

a
l 

P
a
rk

, 
1

9
9

2
. 

. 

+
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

-S
T

U
D

Y
 S

IT
E

S
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
+

 

W
ES

T 
EA

ST
 

EA
ST

 
W

ES
T 

C
o

tt
o

n
w

o
o

d
 

C
o

tt
o

n
w

o
o

d
 

W
il

lo
w

 
W

il
lo

w
 

PL
A

N
T 

S
IZ

E
 

co
m

m
u

n
it

y
 

(n
•3

7
) 

co
m

m
u

n
it

y
 

(n
•4

1
) 

co
m

m
u

n
it

y
 

(n
•3

6
) 

co
m

m
u

n
it

y
 

(n
•3

7
) 

S
P

E
C

IE
S

: 
C

LA
SS

1 
m

ea
n 

s
.e

. 
m

ea
n 

s
.e

. 
m

ea
n 

s
.e

. 
m

ea
n 

s
.e

. 
BE

 
O

C 
1

. 
0

.2
4

 
0

.1
4

 
0

.9
3

 
0

.4
8

 
5

.2
8

 
1

.2
9

 
0

.8
1

 
1

.5
3

 
BE

 
O

C 
2 

0
.1

1
 

0
.0

6
 

0
.4

9
 

0
.2

3
 

4
,9

4
 

1
.0

4
 

3
.8

6
 

0
.6

3
 

BE
 

O
C 

3 
0

.1
1

 
0

.1
1

 
0

.1
0

 
0

.0
6

 
1

.5
6

 
0

.4
3

 
1

.4
3

 
0

.3
6

 
EL

 
CO

 
1 

1
3

.1
0

 
5

.2
1

 
4

1
.8

0
 

1
3

.4
0

 
5

7
.8

0
 

1
9

.6
0

 
2

9
.4

0
 

1
1

.2
0

 
EL

 
CO

 
2 

0
.8

4
 

0
.6

6
 

0
.6

6
 

0
.4

3
 

0
.1

4
 

0
.0

7
 

0
.3

0
 

0
.1

4
 

EL
 

CO
 

3 
0

,0
0

 
0

.0
0

 
0

.0
0

 
0

.0
0

 
0

,0
0

 
0

,0
0

 
0

.0
0

 
0

.0
0

 
P

I 
co

 
1 

1
.4

9
 

o
.5

2
 

1
.7

6
 

o
.7

8
 

0
.1

1
 

o
.o

8
 

o
.o

a
 

o
.o

6
 

P
I 

co
 

2 
0

.5
9

 
o

.2
8

 
o

.6
6

 
o

.2
9

 
o

.o
6

 
o

.o
6

 
o

.o
a
 

o
.o

6
 

P
I 

CO
 

3 
3

.1
6

 
1

.3
1

 
2

.5
9

 
1

.1
5

 
0

.1
4

 
0

.1
1

 
0

.1
3

 
0

.1
1

 
P

I 
EN

 
1 

3
.3

8
 

1
.0

6
 

6
.3

7
 

1
.4

4
 

1
8

.6
0

 
4

.9
4

 
3

.3
8

 
1

.1
7

 
P

I 
EN

 
2 

1
.5

7
 

0
.3

8
 

4
.1

0
 

0
.9

8
 

3
.9

2
 

1
.2

5
 

1
.1

3
 

0
.4

9
 

P
I 

EN
 

3 
8

,3
5

 
1

.7
2

 
1

1
.4

0
 

2
.2

3
 

4
.4

4
 

1
.3

1
 

1
.3

5
 

0
,4

6
 

PO
 

AN
 

1 
7

.3
5

 
1

.8
8

 
7

.1
7

 
1

.8
1

 
2

.5
3

 
i.

0
7

 
3

.3
2

 
1

.3
6

 
PO

 
AN

 
2 

0
.4

3
 

0
.1

9
 

0
.5

6
 

0
.2

7
 

1
.0

6
 

0
.8

4
 

0
.4

3
 

0
.2

4
 

PO
 

AN
 

3 
7

.3
0

 
0

.9
9

 
8

.6
1

 
1

.2
7

 
0

.5
6

 
0

,2
3

 
1

.1
1

 
0

.7
8

 
SA

 
SP

 
1 

0
.3

0
 

0
.1

2
 

2
.3

4
 

0
,9

7
 

1
0

7
.0

0
 

1
2

.2
0

 
4

5
.6

0
 

7
.A

8
 

SA
 

SP
 

2 
O

.Q
Q

 
0

.0
0

 
0

.3
2

 
0

.2
3

 
1

2
.5

0
 

2
.4

7
 

3
.2

7
 

1
.2

9
 

SA
 

SP
 

3 
0

.0
0

 
0

.0
0

 
0

,0
0

 
0

.0
0

 
2

.3
9

 
1

.2
0

 
1

.0
3

 
0

.5
2

 
SH

 
CA

 
1 

1
7

.4
0

 
2

.9
4

 
2

7
.3

0
 

3
.6

7
 

5
.7

8
 

1
.6

1
 

2
.6

2
 

0
.6

7
 

SH
 

CA
 

2 
0

.0
5

. 
0

.0
4

 
0

.8
0

 
0

.5
2

 
0

,0
3

 
0

.0
3

 
0

.3
5

 
0

.0
3

 
SH

 
CA

 
3 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
,0

0
· 

0
,0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

1 S
IZ

E
 

C
L

A
SS

E
S:

 
(i

.e
. 

th
e
 

2 
in

 P
I 

CO
 

2
) 

1
) 

0
-1

.5
m

 
2

) 
1

.6
-3

.0
m

 
3

) 
3

.1
m

 a
n

d
 u

p
 

SP
E

C
IE

S 
C

O
D

ES
: 

BE
 

O
C 

• 
B

e
tu

la
 o

c
c
id

e
n

ta
li

s 
(w

a
te

r 
b

ir
c
h

) 
EL

 
CO

 
• 

E
le

ag
n

u
s 

co
m

m
u

ta
ta

 
(s

il
v

e
rb

e
rr

y
) 

P
I 

co
 •

 ~
 
co

n
to

rt
&

 
(l

o
d

g
e
p

o
le

 p
in

e
) 

P
I 

EN
 

• 
P

ic
e
a
 e

n
g

el
m

an
n

ia
 

(E
n

g
el

m
an

n
 
sp

ru
c
e
) 

PO
 

AN
 

• 
P

o
p

u
lo

u
s 

a
n

q
u

s
ti

fo
li

a
 

(c
o

tt
o

n
w

o
o

d
) 

SA
 

SP
 

• 
~
 
~
 

(w
il

lo
w

) 
SH

 
CA

 
• 

S
h

ep
h

er
d

ia
 c

a
n

a
d

e
n

si
s 

(r
u

s
s
e
tt

·b
u

ff
a
lo

b
e
rr

y
) 

~·
 

,;; 
-w -



132 

subirrigated zone along Ubi Draw had been used 
heavily while the wetter soil zone near the channel 
received only moderate use. Little grazing was 
evident on the hills surrounding the reservoir despite 
abundant forages. Antelope Flats and the Blacktail 
Butte pasture had received very light use. 

A general conclusion from the reconnaissance 
was that subirrigated, bluegrass/clover plant 
communities, wherever significant grazing pressure 
occurs, form a grazing lawn. These lawns, while 
generally considered to be a low seral community, 
are very stable and resist further change from 
grazing. They would provide lesser quantity but a 
higher quality forage for the grazing animal, thus 
their continued attraction to grazing animals. 

The need for improved grazing management · in 
the Ubi Hill pasture is suggested by the low use of 
uplands and concentration of cattle grazing along Ubi 
Draw riparian zones. Several activities should be 
considered. Sagebrush burning could be used to 
increase the availability and quality of forages away 
from riparian areas. Spring developments or other 
water source augmentation in areas away from the 
riparian zone and the reservoir would reduce the 
continual need for cattle to return to the stream or 
reservoir for water. Increased herding of animals 
would minimize time spent near streams and the 
reservoir. Intensified management of the irrigated 
pastures such as crossfencing and water management 
could reduce the grazing time required from 
rangeland forages. Greater use and intensified 
management of pastures south and east of Blacktail 
Butte could also reduce the reliance on forages from 
the rangeland along Ubi Draw. 

There appears to be little of the summer season 
1992 results that vary from the results of the 1991 
sampling season. Utilization patterns and vegetation 
composition appear to be similar. The general 
differences in shrub density between east and west of 
the river following the change in sampling locations 
are similar to differences observed last year. 
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of the Cascade Range in Oregon, found the deer 
mouse more numerous in riparian habitats, whereas, 
our study indicates that this species is more numerous 
in the edge and upland habitats. In his studies in 
Grand Teton National Park, Wyoming, Clark (1975) 
also found the deer mouse more abundant in the 
driest stages of the hydrosere succession. Cross 
(1985) and Doyle (1986, 1990) also reported more 
shrews and microtine rodents caught in riparian 
habitats. MacCraken et al. (1985) reported more 
microtine captures in these areas, and Findley (1951), 
whose study area was the 1 ackson Hole Wildlife 
Park, Wyoming, reported, as did Clark (1973a), that 
most microtine rodents prefer moist microhabitats. 
Clark (1973b), whose study was conducted in Grand 
Teton National Park, Wyoming, and MacCraken et 
al. 1985, in southeastern Montana, also found the 
masked shrew in greatest numbers related to moist 
soil conditions in the riparian habitat or within 25 m 
of water. 

EDGE EFFECT 

An edge effect is exerted by adjoining 
communities on the population structure within the 
ecotone which often contains greater numbers of 
species and higher densities of some species than 
either adjoining communities. An edge effect for 
small mammal captures was found in every area at 
the edge but at different sampling periods. In the 
first sampling of the edge at Beaver Creek, the deer 
mouse, southern red-backed vole, and yellow-pine 
chipmunk combine for a total capture of 16. In the 
second sampling of the edge at Cottonwood Creek, 
the deer mouse alone accounts for a total capture of 
43, and at the edge in Glacier Gulch, the deer mouse, 
masked shrew, yellow-pine chipmunk, montane vole, 
and southern red-backed vole account for a total 
capture of 28. In the third sampling at Beaver 
Creek, the deer mouse, yellow-pine chipmunk, and 
southern red-backed vole account for a total capture 
of 12. At the edge, it is apparent that animals have 
access to both riparian and upland areas and may 
utilize benefits available in both habitats with less 
energy expenditure. 

MOVEMENT PATTERNS & HABITAT USE 

During 1991, we began describing movement 
patterns with powder-tracking, because we believed 
that movement patterns may provide important 
insights needed to develop management strategies for 

riparian and adjacent habitats. However, our 
movement studies were limited because of time 
constraints associated with the short trapping season, 
our multiple site trapping design, and the need to 
estimate habitat parameters. We initiated research on 
movement with the hope that additional funding 
would be available to test specific hypotheses. A 
change in the grant application mechanism to the 
National Park Service has temporarily impeded this 
research. Future studies in Grand Teton National 
Park should concentrate on movement within and out 
of riparian and adjacent habitats. 

We were able to powder-track three species: the 
deer mouse, the meadow vole, and the masked 
shrew. With the minimum convex polygon method, 
movement patterns ranged from 0.64 m 2 to 2.22 m2• 

Voles, a masked shrew, and one deer mouse traveled 
on the ground in riparian habitat (Table 3f Four 
other deer mice traveled in a portion of at least two, 
and sometimes three, habitats. Travelled surfaces 
often included logs and branches. By traveling on 
logs or branches, energy might be conserved 
providing the shortest distance through a series of 
straight lines between two points, a condition 
affecting the surface used in areas containing debris. 
Our initial data suggest that downfall may be an 
important factor in movement outside of riparian 
areas, but that most . of the micro-surface used in 
riparian areas includes bare ground. The importance 
of this area should be studied extensively. The data 
also suggest that, depending on the habitat under 
study, specific sites used by small mammals should 
be assessed when determining trap locations. 

CLUSTER ANALYSIS 

Often, the small-mammal ecologist describes 
patterns of distributions in terms of abiotic and biotic 
associations recognized ! priori. This analysis, 
which allows small-mammal fauna to define 
environmental characteristics, was designed to 
answer: 1) How are riparian habitats uniquely 
different than adjacent edge and upland habitats with 
respect to small mammals? The study of 
microhabitat of nine small-mammal species suggests 
that small mammals in the riparian habitat and their 
abiotic and biotic descriptors are more closely related 
than those of the edge and upland habitats. 
Furthermore, cluster distances suggest that riparian 
habitats are distinct when compared with edge 
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Table 3. Small-mammal species, habitat use, and total distance (m) traversed as a result of powder-tracking 
analysis in Grand Teton National Park, Wyoming. 

SPECIES 

M. pennsylvanicus 

M. pennsylvanicus 

P. maniculatus 

P. maniculatus 

P. maniculatus 

P. maniculatus 

P. maniculatus 

S. cinereus 

HABITAT 
USE 

Riparian: 100% 
Travel: 100% 

Riparian: 100% 
Travel: 100% 

Riparian: 100% 
Travel: 100% 

Upland: 99.61% 
Edge: 1.39% 
Travel: 76.39% 

23.61% 

Riparian: 92.31% 
Edge: 7.69% 
Travel: 57.69% 

42.31% 

Upland: 50.91 
Riparian: 25.45% 
Edge: 23.64% 
Travel: 72.73% 

27.27% 

Upland: 100% 
Travel: 90.74% 

9.26% 

Riparian: 100% 
Travel: 100% 

Ground 

Ground 

Ground 

Logs+ 
Branches 
Ground 

Ground 
Logs+ 
Branches 

Logs+ 
Branches 
Ground 

Ground 
Logs+ 
Branches 

Ground 

TOTAL 
DISTANCE 

16 

19 

4 

72 

26 

55 

54 

4 

•• 

and upland habitats. In general, riparian ecosystems 
offer unique and diverse small-mammal habitats by 
providing food, water, cover, and variable 
microclimates. Our study demonstrates that there is 

a greater availability of soil moisture to plants in the 
riparian habitats, and in combination with deeper 
litter layers, produces greater vertical vegetative 
diversity and density of plants which provide cover 
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and food. This results in a greater diversity of small 
mammals. Most importantly, microtines and shrews 
may be provided with critical resources found only 
within the stream corridor. The stream corridor and 
the inherent edge may function as source habitats 
that are responsible for the majority of juvenile 
production of both microtines and shrews, and 
Peromyscus, respectively. The upland habitats may 
serve as "dispersal sinks" (Lidicker 1975). These 
areas likely provide marginal habitats where some 
small-mammal individuals from the riparian and edge 
areas take refuge and survive. 

+ CONCLUSIONS 

From our study areas in Grand Teton National 
Park, Wyoming, it is evident that species diversity is 
greatest in the riparian habitats or the stream 
corridor, and the greatest abundance of individuals is 
usually found at the inherent edge. We believe that 
microhabitats in riparian areas provide some small
mammal species with conditions that are conducive 
for successful reproduction. These productive areas 
serve as "nurseries" -a place where small-mammal 
young are essentially prepared for colonization of 
vacant habitats. Some individuals may remain 
throughout their life cycle in the stream corridor 
while others may not. And the stream corridor 
obviously retains the breeding core of some species 
unable to colonize other habitats. The inherent edge 
thus functions as an "open gate" which allows 
dispersers access both into and out of areas where 
reproductive success is more likely. A few species 
that live on or near the inherent edge may be 
reproductively successful, because they have access 
to both riparian and upland areas. They may utilize 
the benefits available to both habitats with less energy 
expenditure. Y abner (1988) emphasizes that 
additional data are needed to better understand 
community changes along edges and to manage edges 
for the benefit of wildlife in various landscapes. The 
upland areas may serve as "dispersal sinks" (Lidicker 
1975). These areas likely provide marginal habitats 
where some small-mammal individuals from the 
riparian and edge areas take refuge and survive while 
waiting for optimal reproductive sites. Therefore, we 
emphasize and recommend that successful 
management plans must consider and adopt a stream 
ecosystem concept which provides management for 
an entire stream drainage basin. This concept must 

include the biotic and abiotic components of the 
stream and the riparian, inherent edges, and a 
considerable portion of the upland areas because each 
has a major impact on the other. 
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+ ABSTRACT 

Temperature variation and species 
interactions were examined in small montane ponds 
in Grand Teton National Park during summer 1991. 
Temperature variation was pronounced, both over 
time and from place to place within one pond or 
across ponds. The magnitude of the temperature 
variation is such that it is likely to lead to large 
differences in the growth rates of poikilotherms that 
occupy these ponds. 

Growth rates determine body sizes at any 
one point in time. Tadpole body size influenced the 
probability of predation by salamander larvae in these 
montane ponds in Grand Teton National Park. Given 
the natural body size ratios of predator and prey 
(observed in 1991}, salamanders biased predation 
towards smaller tadpoles. Other predation 
experiments revealed that the salamander larvae 
biased predation towards tadpoles and away from 
damselfly naiads. This suggests that damselflies may 
experience lower predation by salamanders when in 
the presence of tadpoles than when in the absence of 
tadpoles. 

Several species, including snails, caddisfly 
larvae, and tadpoles were very abundant in some 
ponds, but could be essentially absent from others. 
These three taxa appear to share similar diets. A 
simple experiment revealed the Pseudacris tadpoles 

and the snails compete, and that presence of 
salamander larvae had no effect on the strength of 
their competitive interaction 

+ INTRODUCTION 

In 1991 we made several trips to Grand 
Teton National Park in the vicinity of the University 
of Wyoming field station. Our long term goal was to 
perform research that examines the effect of 
temperature variation on growth rate, and how 
differences in body sizes (an outcome of different 
growth rates) could influence species interactions. 
Because we had never worked in this area before, our 
immediate goals were to determine the range of 
temperature variation, and see what sorts of species 
interactions were taking place. In addition, we 
wanted to perform some experiments to determine if 
body size variation could influence species 
interactions, as it does in some other systems 
(Woodward 1983a,b, 1987, Woodward and Mitchell 
1991). 

Northern Wyoming is a mountainous area 
which contains many small shallow ponds. Montane 
ponds are commonly filled by snow melt, which 
means that the snowpack depth, and the temperatures 
in the early spring can have large effects on both 
pond depth, and on pond temperature. Most of the 
species inhabiting these small ponds are 



poikilotherms, and as such, have growth rates that 
are strongly influenced by temperature. This 
appeared to be a good place to perform this study. 

+ METHODS 

To document which species co-occurred and 
the range of temperature variation, we visited Jackson 
Lake, small ponds near the field station, and small 
ponds along Pacific Creek Road. We were especially 
interested in working with the Northern Chorus Frog 
(Pseudacris triseriata), so we drove around at night 
listening for breeding choruses of this frog. We 
visited each pond at least once during the day, and 
most ponds were visited two or three times. We 
estimated pond surface area, made several depth 
readings to obtain an average, recorded water 
temperature within 2 em of the pond surface, and 
made quantitative dip net surveys in each pond. In 
these surveys we made repeated sweeps through the 
water column and recorded the number of individuals 
per species per sweep. On some occasions we made 
temperature readings in the shade and sun, or at 
various depths, to get a feel for spatial temperature 
variation in a pond. We visited ponds in May, June 
and July. 

Numerous organisms were collected and 
taken back to the boat house at the field station for 
identification, or to be used in predator-prey 
experiments. Three types of predation experiments 
were performed. In the simplest, we simply placed 
one predator and one potential prey together in a 
relatively small container, to see if the predator did 
prey on this particular species. We replicated this 
and all other experiments, as often as our supply of 
predators and potential prey would allow. No 
predator or prey was used more than once in any one 
experiment. This type of experiment was performed 
only if we had no knowledge of the predator-prey 
relationship of the species under study. 

For most taxa we had some prior 
experience, and thus we performed one of two more 
interesting experiments. In the first, we offered the 
predator a choice between two size classes of its 
prey. The question to be answered here was whether 
prey size influenced the probability of a prey being 
eaten. A larger prey yields more energy if 
consumed, but may require more energy to capture 
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and consume. Most aquatic predators are size-limited 
predators, which means that the prey can get too 
large to consume, and that over a wide range of prey 
sizes, mcreases in size lead to increased problems in 
prey handling for the predator. Many aquatic 
predators (e.g., fish, salamander larvae) ingest their 
prey whole, others (many insects) either suck the 
juices from the prey, or slowly break the prey into 
parts. Many of the insects take prey that are close to 
their own body size and typically outweigh them. 
For these species, increases in prey size makes it 
very difficult for the predator to hang onto the prey. 
The final type of predation experiment consisted of 
offering one predator a choice between two prey 
species. The question here was whether predators 
biased predation towards one or the other species. 
This question is important in its own right, and also 
has ramifications for questions related to indir~t 
effects in the aquatic community (Morin 1988). 

In each of our three types of predation 
experiment, one predator was exposed to either one 
or two potential prey items. The experiments took 
place in 1 - 6 L of pond water (container size 
depended on the size of predators and prey). There 
were no prey refuges in the experiments. Prey were 
scored as being eaten, killed, or left alone. For our 
questions, being killed was considered no different 
from being eaten. For the two types of predator
choice experiments, we used a Sign test to determine 
if predation was biased towards either option to 
which the predator had been exposed. 

Preliminary observations revealed that 
several species fed in the same manner and in the 
same areas, implying similar diets. To determine if 
these species might compete, we performed some 
simple competition experiments in 0.5 x 0.5 x 0.5 m 
screen mesh field cages. We collected caddisfly 
larvae and Psuedacris tadpoles from natural ponds. 
The caddisfly were separated into size classes, and 
we used the smallest body size class we could obtain 
(12-15 nun body length). Tadpoles were relatively 
small (5 - 8 mm body length). When we collected 
the caddisflies and the tadpoles we made quantitative 
sweeps to estimate densities/L. We used these 
natural densities in our experiment when we added 10 
caddisfly larvae, or 15 tadpoles per cage. In this 
experiment we had three treatments: tadpoles only, 
caddisfly larvae only, or tadpoles and caddisfly 
larvae. Cages were placed in 30 to 35 em of water 
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in a natural pond located approximately 1 km east of 
the field station and west of state highway 191. 
Treatments were randomly assigned to field cages. 

We also did another experiment to examine 
species interactions. In this experiment we tested for 
competitive interactions between snails and 
Pseudacris tadpoles, predation of salamander larvae 
on snails or tadpoles, and effects of predation by 
salamanders on any competitive interactions between 
snails and tadpoles. In this experiment, we had 30 
field cages. Ten cages contained tadpoles only, ten 
contained tadpoles and snails, and ten contained snails 
only. Of these 30 cages, 15 also had two salamander 
larvae ( 44 - 48 mm total length) added per cage. Ten 
tadpoles or ten snails (these were natural densities) 
were added per cage. Treatments were randomly 
assigned to cages. The experiment was started on 6 
July 1991 and ended on 24 July when all organisms 
were removed from the cages, towel dried to remove 
surface moisture, and weighed. Data analyses 
consisted of using two-way ANOV As to compare 
mean weights, or number surviving per species per 
cage between the treatments of being raised alone or 
with a potential competitor, and being either in the 
presence or absence of salamander larvae. 

-·· - .. RESULTS 

Water level on Jackson Lake raises at least 
2 m in the spring time. The bottom in the vicinity of 
the field station consists of large rounded gravel or 
rocks. Finally, the wave action, due either to boat 
wakes or the wind, is strong and fairly consistent. 
Taken together these factors mean that the shallow 
water zone near the field station is not a very 
favorable place to live. I sampled for 30 minutes one 
day with a dip net and did not collect any 
macroinvertebrates (for comparison it is unusual to 
make two consecutive sweeps in the local small ponds 
and not collect anything). We gave up on Jackson 
Lake and concentrated our efforts at small ponds at 
Grand Teton National Park. 

Temperature variation was pronounced at 
these small ponds in May, June and July. 
Simultaneous temperature readings could vary as 
much as 5 degrees C across a single pond. This 
variation is a function of sun versus shady areas, or 
springs versus nonspring areas. Temperatures 
differed by up to 10 degrees C across two ponds. 
This variation is probably due to sun versus shade, 

springs versus nonsprings, pond depth (shallow ponds 
heat up quicker in the spring), and early on, the 
degree to which snow melt contributes to the filling 
of the pond. Finally water temperature at the surface 
could vary as much as 5 degrees C across the day. 
Average temperatures were around 10 degrees C 
early in the growth season, later 20 degrees C, thus 
site to site variation in temperature was very large. 

· These sizeable differences in temperature could lead 
to large differences (probably on the order of 100%) 
in growth rate. 

The ponds shared many species in common. 
Tiger salamander larvae and dyticid beetle larvae 
were the only predators to be present in any 
numbers. Notonectids, dragonfly naiads, and , 
hydrophilid beetle larvae were other predators that 
were present in small numbers, and wefe large 
enough to eat the tadpoles, and most macro
invertebrates. Damselfly larvae were abundant in 
some ·ponds and can prey on the small macro
invertebrates (fly larvae). Fly larvae, corixids, 
tadpoles, caddisfly larvae, damselfly naiads (larvae), 
and snails were the predominant prey base in the 
system. Fairy shrimp were an important prey 
resource in a few ponds. As in other small pond 
systems we have studied, tadpoles, fairy shrimp, and 
snails can comprise very major components of the 
animal biomass in the water column. It is not 
uncommon for any one of these groups to comprise 
> 75% of the animal biomass in the water column 
(this excludes the difficult to sample burrowers). In 
several ponds, caddisfly larvae (this appears to be a 
single species) were also a major component of the 
animal biomass, approaching the mass of the snails or 
tadpoles. 

We largely restricted our attention to the 
large and abundant predators (salamander larvae, 
dyticid beetle larvae, dragonfly naiads), and the 
potential prey that were very abundant (tadpoles, 
caddisfly larvae, and snails). These species varied a 
great deal in abundance from pond to pond. With 
our meager sampling effort we could document 
differences of an order of magnitude - we suspect 
that true differences probably approach two orders of 
magnitude. With the exception of fairy shrimp which 
were restricted to just a few ponds, the rest of these 
species appeared to be present in almost all ponds. 
Why the species were rare in some ponds and the 
major components of animal biomass in others is not 
clear. The tadpoles, snails, and caddisfly larvae are 
raspers that feed on periphyton attached to submerged 



objects. They feed in the same areas and probably 
have similar diets. 

Predator-prey, or competitive interactions are 
likely explanations for the observed 10 fold pond to 
pond fluctuations of abundance of some of the species 
in this system. Whether body sizes of the 
interactants influences the outcome of these 
interactions, and thus contributes to the observed 
patterns of abundance, is not clear. We did perform 
a few experiments that shed some light on these 
questions. 

Dyticid beetle larvae, dragonfly naiads, and 
salamander larvae were abundant enough that we 
collected individuals to run predation experiments. 
The beetle larvae were large relative to the prey 
items we offered them. We ran three experiments 
offering these larvae a choice between small and 
medium Pseudacris tadpoles, small and large 
tadpoles, and a choice between medium tadpoles and 
damselfly naiads. The dyticids exhibited no 
preference in any of the tests (Table 1). The 
dragonfly naiads were small relative to the size of 
their potential prey. We offered them a choice 
between small and medium tadpoles, and between 
small tadpoles and damselfly naiads. These predators 
did not eat any of the potential prey items in . this 
experiment (Table 1). This was probably a function 
of their small size relative to the prey, as they do eat 
both of these prey species. Finally, we offered the 
salamanders a choice between small and medium 
tadpoles or between small tadpoles and damselfly 
naiads. The salamanders biased predation towards 
the smaller tadpoles relative to the medium sized 
ones, and were more likely to eat the tadpoles rather 
than the damselfly naiads (Table 1). 

The caddisfly x tadpole experiment yielded 
no results because the water level dropped too much 
between two of our visits and left the cages stranded 
on land. The tadpole x snail x salamander 
(predation/competition experiment was moved to 
deeper water twice, and was more successful. The 
experiment was ended on 24 July before all tadpoles 
had transformed into little froglets. This early end to 
the experiment was dictated by our time budget, and 
leads to complications when interpreting the results 
for the frogs. We discuss these effects after stating 
the simple results. 

The presence of the tadpoles had no effect 
on snail survival (8. 7 + 0.4, mean + S.E., 
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individuals per cage in presence of tadpoles, 8. 7 + 
0.5 in absence of tadpoles, F = 0.001, 1, 17 d.f., p 
= 0.975). Snail weight in the presence of tadpoles 
(31.6 + 0.9 mg) was, however, 17% lower (F = 
14.5, 1, 17 d.f., p < 0.001) than snail weight in the 
absence of tadpoles (38.0 + 1.4). Presence . or 
absence of salamanders had no direct effect on snail 
survival (F = 0.39, 1, 17 d.f, p = 0.54) or on snail 
wt (F + 0.006, 1, 17 d.f., p = 0.81). These 
salamander larvae were probably too small to eat the 
snails. Adult salamanders in the ponds were gorged 
with snails. Finally, presence or absence of the 
salamanders had no effect on the influence of the 
tadpoles on the snails (i.e., the interaction term was 
nonsignificant). 

There is some evidence that presence of the 
snails also influenced the frogs. Some tadpoles )).Jid 
transformed into froglets when we ended the 
experiment, so we analyze tadpole and froglet 
weights and survival as well as total number of frog 
offspring surviving. There is some evidence that 
presence of the snails may reduce tadpole survival 
(1.6 + 0.5 individuals per cage), relative to when the 
snails are absent (3.4 + 0.8, F = 3.52, 1, 18 d.f., 
p + 0.077). Presence of the snail had no effect on 
number of froglets surviving (snails present 3. 2 + 
0.5, snails absent 2.1 0.6, F = 1.91, 1, 18 d.f., p = 
0.18}, or total number of frog offspring surviving 
(snails present 4.8 + 0.6, snails absent 5.5 + 1.0, F 
= 0.31, 1, 18 d.f., p = 0.58). Presence of the 
snails had no effect on tadpole weight (snails present 
28.2 + 2.0, snails absent 28.5 + 2.6, F = 0.08, 1, 
13 d. f., p = 0.78). Presence of the snails did lower 
froglet weight 23%, (snails present · 20.7 + 1.0, 
snails absent 27.0 + 2.6, F = 7.14, 1, 11 d.f., p = 
0.022). Presence of the salamanders had no effect on 
tadpole survival (F = 1.5, 1, 18 d.f., p = 0.24), 
number of froglets surviving (F = 0.36, 1, 18 d.f., 
p = 0.56), total number of offspring surviving (F = 

0.31, 1, 18 d.f., p = 0.58), tadpole weight (F = 
1.73, 1, 13 d.f., p = 0.211), and froglet weight (F 
= 1.3, 1, 11 d.f., p = 0.28). Again presence of the 
predator had no effect on any of the underlying 
competitive interactions. 

Two cautions about the above results are in 
order. The first is that sample sizes are quite small 
and thus many sizeable differences in growth or 
survival are not regarded as significant. Should 
similar patterns hold with larger sample sizes many 
more results would have been statistically significant. 
The second caution relates to the results for the effect 
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Table 1. Results of predation experiments performed at Grand Teton National Park in 1991. TL = total length, 
BL = body length· exclusive of tail. 

Predator (body size) No. of prey consumed (body size) Statistics 

Dytcid beetle larvae 8 small tadpoles (4.5- 8 mm BL) N = 13, X = 5, p = 0.58 

(29 - 48 mm TL) 5 medium tadpoles (10 - 13 mm BL) 

Dytcid beetle larvae 6 small tadpoles ( 4.5 - 6.5 mm BL) N = 12, X = 6, p = 0.99 

(29- 48 mm TL) 6 large tadpoles (12 - 16 mm BL) 

Dytcid beetle larvae 5 damselfly naiads (17 - 19 mm TL) N = 10, X = 5, p = 0.99 
'I p!-c~ 

(29 - 48 mm TL) 5 tadpoles (11 - 12 mm BL) 

Dragonfly naiad 0 small tadpoles (7- 8.5 mm BL) no test 

(8-13 mm TL) 0 medium tadpoles (11- 12 mm BL) 

Dragonfly naiad 0 small tadpoles (6 - 10.5 mm BL) no test 

(8- 13 mm TL) 

Salamander larvae 13 small tadpoles ( 5 - 8.5 mm BL) N = 14, X = 1, p = 0.002 

(34 - 58 mm TL) 1 medium tadpole (10 13 mm BL) 

Salamander larvae 10 small tadpoles ( 6 - 8.5 mm BL) N = 12, X = 2, p = 0.038 

(34 - 58 mm TL) 2 damselfly naiads (16 - 19 mm TL) 

+ DISCUSSION of the snails on the frogs. The tadpoles lose weight 
just before transforming into froglets. Because we 
ended the experiment just as tadpoles were starting to 
transform, this means that many tadpoles were at a 
stage where a low body weight could imply either 
lack of food (evidence of competition), or more rapid 
growth (a beneficial trait for species occupying 
drying ponds). Thus interpreting differences in 
tadpole weight is problematic for this data set. We 
suggest that the results for the frogs be regarded as 
suggestive rather than definitive. 

Our results reveal significant temperature 
variation in small ponds in Grand Teton National 
Park. The magnitudes of this variation suggest to us 
that it may favor habitat selection within ponds and 
would lead to large differences in growth rates across 
ponds. The temperature differences can influence 
both growth rate and thus resource demand (as an 
example Pseudacris tadpoles hatch at 1 or 2 mg and 
reach 250 to 300 mg in 5 weeks of growth, a 150 to , 



300 fold increase in demand per tadpole), and 
resource level itself. Tadpoles and snails fed 
throughout the water column during the day, but 
concentrate feeding at the water surface in the early 
morning. This diel pattern could represent habitat 
selection for higher temperatures, as the surface will 
warm more quickly than deeper waters when exposed 
to the sun. Whether the large temperature 
differences across and within ponds influences the 
outcome of species interactions is not clear, what is 
clear is that the variation in temperature is great 
enough that it may. 

There is some evidence that differences in 
prey body sizes can influence the predation rate. 
Salamander larvae ate more of smaller tadpoles 
relative to larger tadpoles. Dragonfly naiads were 
apparently too small relative to larger tadpoles. Had 
the tadpoles been younger (and thus smaller), prey 
size might have been important to the dragonfly 
naiads. Finally, the dyticid larvae were so large 
relative to both larger and smaller tadpoles that they 
ate both. A smaller predator, or larger prey and the 
relative sizes of the prey might again influence the 
probability of predation. We did not examine the 
effect of body size on competitive interactions. Prior 
:work has documented that relative body size can 
influence interference competition over food for 
tadpoles (Woodward 1987) or for froglets 
(Woodward 1986). 

Our snail x tadpole experiment suggests that 
Pseudacris tadpoles and the snails are strong 
competitors. Snails reduced froglet weights by 23 % 
while tadpoles reduced snail weight by 17%. Drops 
of these magnitudes are likely to have strong negative 
consequences for both predation on these taxa 
(making it easier for the predators to capture the 
prey, and making the prey susceptible to predation 
for longer periods of time), and competition with 
other taxa (make them inferior competitors). 

Predation and competition have strong 
interconnections. Competition occurs when resource 
demand outstrips supply. Predator-prey interactions 
lower prey densities, reducing the potential for 
competition to take place (Wilbur 1984, Woodward 
and Mitchell 1991). Competition reduces prey 
growth rates and thus makes the prey susceptible to 
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size-limited predators for a greater period of time. 
Temperature, through an effect on growth rates bas 
a large potential to influence competitive interactions, 
predator-prey interactions, and the interconnection 
between the two. We anticipate a lot more work 
examining the influence of temperature variation on 
species interactions in the montane pond system. 
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• INTRODUCTION 

This project seeks to determine the relation 
between surging surface flow and projected 
groundwater declines at the Great Sand Dunes 
National Monument. Surging flow in Medano Creek 
is a unique visitor attraction at the Monument, and is 
exhibited from April through July at easily accessible 
sites. Projected water table declines of up to 46 m 
due to an adjacent groundwater development scheme 
may increase infiltration rates in Monument creeks, 
thus leading to diminished or eliminated surge flow. 
This report covers the third 6-month period of the 
contract (May 15-Nov. 15, 1992). 

• OBJECTIVES 

Task 1- Establish the relationship of creek flow 
distance to water table level. Determine the 
infiltration rate through dry, wet, and saturated sand. 

Task 2- Develop a model of Medano Creek flow 
distance and volume considering variables of ground 
water height, amount of water in Medano Creek, and 
precipitation patterns in the watershed. Apply this 
model to Mosca and Sand Creeks. 

Task 3- Determine the water flow needed to develop 
surge flow phenomena. 

, ,.•.;t 

FIELD VISITS AND DATA COLLECTION 

The following listing summarizes field visits, 
personnel included, and work accomplished during 
this report period. 

May 27-29, 1992- COLLECT DATA; J. McCalpin 
(USU); Collect data from flumes and monitor wells 
L and C1; measure discharge of Little Medano 
Creek. 

July 19-22, 1992- COLLECT DATA; J. McCalpin, 
G. Hadlock (USU); Collect data from flumes and 
monitor well L; do resistivity survey near well M. 

Sept. 15, 1992- COLLECT DATA; G. Hadlock 
(USU); Collect data from flumes and monitor well L. 

Nov. 3-S, 7, 1992- COLLECT DATA; J. McCalpin 
(USU); Collect data from flumes and monitor well L; 
remove instruments from Boundary flume for winter. 

+ METHODS 

Surface flow volumes in Medano Creek were 
measured from calibrated Parshall flumes (see details 
in McCalpin 1991, 1992). Depth-to groundwater in 
monitoring wells were measured with pressure 
transducers coupled to data loggers. 
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+ RESULTS 

SURFACE FLOW VOLUMES 

Medano Creek- Boundary Flume 

The discharge of Medano Creek is reported 
herein for the period April 9-Nov. 7, 1992 (8 
months). A complete record for this period is 
available from the Boundary flume. Data were 
collected at four times during this 8 month-long 
period, at approximately 2 month intervals. These 
graphs were generated by the spreadsheet program 
QUATIRO.PRO, v. 3.0, and suffer from one 
limitation. Because each graph spans more than one 
month, the data cannot be plotted as an XY graph, 
because a large numerical gap would occur on the X
axis between the last day of one month (e.g., day 
4.30) and the first day of the following month (e.g., 
day 5.01). Therefore, the following four graphs are 
plotted as LINE graphs, which means that every 
observation is equally spaced along the X (time) axis. 
Because the DP 115 in the flume does not record 
stage measurements at equal time intervals, the X 
axes of these graphs do not represent linear time. 
However, the scale distortion is usually small, 
because (on average) a similar number of 
measurements is made by the DP 115 each day. 
Therefore, discharge graphs should be used to gain 
an overview of the patterns of discharge covering 
relatively long time periods. 

April 9- May 27. 1992 

At the beginning of the record, discharge is 
steadily increasing from 15 cfs to 40 cfs, coupled 
with pronounced diurnal fluctuations (Figure 1). The 
peak discharges occur in late afternoon-early evening, 
after the heat of the day, implying that daily 
snowmelt is travelling down the channel. On a day
to-day basis, peak temperatures (according to the 
NPS weather station at GSDNM) correlate with peaks 
in discharge. In contrast, cool and cloudy weather 
(sometimes accompanied by light snow) correlates 
with significant decreases in discharge, such as the 
decline from 40 cfs (April 15) to 20 cfs (April 23). 
During these cool periods, diurnal fluctuations are 
dampened or disappear, which also implies that 
diurnal fluctuations are the result of solar melting of 
snowpack. 

The peak discharge occurring on April 30 

(47 .3 cfs) caused an undercutting failure of a 6 ft by 
10 ft section of streambank immediately south of the 
flume. This collapse led to significant leakage of 
water around the south side of the flume, as shown 
by the sudden 8 cfs drop in discharge. During the 
period April 30- May 14, the discharge record is 
affected both by this leakage, and by cool weather 
which reduced snowmelt. The leakage was repaired 
on May 14 by NPS personnel. Discharges remained 
between 28-40 cfs during late May, punctuated by 
one small rainstorm on the remaining snowpack. 

May 27- July 19. 1992 

This period contains the end of snowmelt 
runoff and the slow decline down to baseflow 
conditions. Discharge remained near 35 cfs until June 
7, but then began a gradual decline to near 7 cfs by 
July 15. Superimposed on the decline are;·,·several 
individual rainstorm events, which have discharge 
~lasting 2-3 hours, but which also contribute a 
delayed flow increase for the next 1-2 days. Diurnal 
fluctuations become more pronounced after June 23, 
probably indicating that no precipitation events 
existed to obscure the pattern. The irrigation 
diversion at Medano Pass was returned to the Creek 
on July 15, and a sudden increase of about 5 cfs was 
observed. After the diversion, flow continued to 
decline with superimposed diurnal fluctuations. 

July 19- Sept. 15. 1992 

The expected continued decline of discharge 
in late summer- early fall was interrupted by 
rainstorms of at least three sizes. Small rainstorms 
led to increases of 2-3 cfs that lasted several hours. 
Moderate rainstorms led to increases of 3-5 cfs that 
lasted for 1-2 days. A major rainstorm occurred on 
Aug. 24-25 that increased discharge by 12 cfs, and 
increased baseflow for 10 days. By Sept. 3, the 
effects of that storm had subsided, and slow decline 
was again taking place, with pronounced diurnal 
fluctuations. 

Sept. 16- Nov. 7, 1992 

A very slow decline in discharge occurred 
through this period, from about 4 cfs on Sept. 16, to 
3 cfs 7 weeks later (Figure 2). The earliest and latest 
part of the record exhibit the results of small 
rainshowers (maximum increase = 1.5 cfs). Most of 
the record shows a slow decline complicated by either 
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weak diurnal fluctuations or by very small random 
variations. Beginning Oct. 15, the discharge record is 
essentially flat, with only random fluctuations; we 
infer that the water in the stilling well froze at this 
time, and random variations reflect sensor drift or 
temperature variations in the stilling well. Increased 
discharge from Oct. 25-30 probably reflects a rain 
event, which flooded the stilling well with more 
water atop the old ice. After Oct. 30 the stilling froze 
again, but at a higher level than before. This 
behavior mimics the behavior of stilling well ice in 
the winter of 1991-92, when ice in the stilling well 
was frozen at a higher level than the running water in 
the flume itself. Therefore, after Oct. 30 the 
discharge record is presumably not accurate. 

MEDANO CREEK-CASTLE CREEK FLUME 

The peak snowmelt discharge that occurred 
in April, 1992, undermined the Castle Creek flume, 
causing partial collapse. In addition, the access tube 
to the stilling well was frequently clogged with twigs 
and leaves. Discharge measurements were obtained in 
the Castle Creek flume from May 28- July 19, 1992, 
but most of the data are not believed to be accurate. 
The Castle Creek flume was dismantled by NPS 
personnel in October, 1992. 

DIURNAL FLUCTUATIONS 

Diurnal fluctuations in discharge occur throughout the 
year in Medano Creek, but spring fluctuations are 
different than summer and fall fluctuations. During 
the initial spring snowmelt (April 1-9, 1992), the 
peaks and troughs of discharge appear 2-3 hours later 
at the Castle Creek flume than at the Boundary 
flume. Peak flow at the Boundary flume occurs at 
about 6-7 pm, after the hottest part of the day, and 
does not appear at the Castle Creek flume until after 
10 pm. The timing of peak discharge in the early 
evening, and the lag time between the flumes, 
suggests that each day a "slug" of snowmelt water 
enters the channel from high in the basin during the 
late morning and afternoon, and this slug travels 
downstream at about the velocity of water in the 
stream. To travel the ca. 5 km between the flume 
sites in 2-3 hours, velocities of 2-3 ft/sec are 
indicated. Current meter measurements confirm that 
this is the average water velocity in the channel. 
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In the summer and fall, as discharge 
decreases so does the amplitude of diurnal 
fluctuations. For example, during the spring 
snowmelt (April 9-14, 1992) discharge fluctuates as 
much as 5 cfs at discharges of 15-30 cfs. By July 
fluctuations are down to 1-2 cfs at discharges of 8-15 
cfs. In early September fluctuations are less than 1 
cfs at 4-7 cfs, and decrease to about 0.25 cfs in 
October at 3 cfs. The fluctuations during July
September are exactly in phase between the two 
flumes, suggesting that a simultaneous mechanism is 
occurring at both sites. This mechanism may be 
phreatophyte transpiration by streambank 
cottonwoods, which would withdraw water from 
Medano Creek. 

STREAM LOSSES 

Discharge in Medano Creek at any given 
time decreases downstream due to infiltration into the 
stream bed (i.e., losing stream conditions). The 
amount of water lost by infiltration should increase 
with increasing discharge, due to two factors: 1) at 
greater discharges, the wetted perimeter of the stream 
increases, and 2) as discharge increases, water depth 
increases, and the hydraulic gradient driving stream 
bed infiltration increases. 

In the gravel bed section of Medano Creek, 
the stream bed has relatively steep, vegetated banks, 
so increases in discharge are accompanied mainly by 
increases in channel depth rather than in channel 
width. Because infiltration rate should be a linear 
function of water depth, we should expect a linear 
increase of stream loss with increasing discharge. 
Stream infiltration loss rate into the gravel bed 
section of Medano Creek was moderately correlated 
to discharge at the boundary flume (stream loss 
cfslkm=0.49 discharge cfs, n= 11, r=O. 76). In the 
final 6 months of this contract, many more data 
points will be plotted to see if stream loss rate is also 
a function of time of year, in addition to discharge. 

Stream losses in the sand bed section of 
Medano Creek are hard to calculate, because 
discharge measurements are difficult to make in the 
wide, braided sections." Preliminary methods and 
results were described by McCalpin (1992). An 
alternative method of measuring stream loss would be 
to measure the distance between the Castle Creek 
flume and the flow terminus (where flow = 0 cfs) 
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over many days. Obviously, the entire discharge 
measured at Castle Creek has been lost into the 
stream bed by the time the flow terminus is reached. 
The resulting averaged stream loss rate may tum out 
to be variable, i.e., the stream bed may suck up 
water faster in some reaches (e.g., opposite the 
Picnic Ground) than in other reaches. Variable loss 
rates could then be used to target detailed geophysical 
surveys, particularly ground-penetrating radar, to 
correlate the loss rate changes with changes in 
subsurface stratigraphy or surface water- groundwater 
interactions. For example, loss rates should change as 
Medano Creek flows onto, and then off of, the 
underlying hardpan layer that supports the perched 
aquifer. Unfortunately, tracking the position of the 
flow terminus during the period that the Castle Creek 
flume was operative (July, 1991 to April, 1992) 
would be difficult, since the flow was mainly 
retreating during that period, and contrast between 
water and wet sand on aerial photographs or satellite 
imagery might be low. In addition, no aerial 
photography was flown during that period, so 
expensive satellite imagery would have to be used. 

GROUNDWATER LEVELS UNDER THE 
MEDANO CREEK FLOODPLAIN, MONITOR 
WELL CLUSTER 

Period of Constant Water Level (May 28-July 8, 
1992) 

Water level stood at about -4.2 ft throughout 
this period, with minor fluctuations. During the 
period, the active channel was only 25ft east of Well 
L. According to the Boundary flume records, 
discharge during this period declined from 35 cfs to 
9 cfs, but no effects of this decline are noticeable in 
Well L. 

Period of Slow Water Decline (July 8- July 16. 1992) 

Water level began to rapidly decline in this 
period (0.5 ft in 1 week), when discharge at the 
Boundary flume declined slightly from 9 cfs to 7 cfs. 
The rapid decline probably indicates that the surface 
flow terminus had retreated to just upstream of the 
monitoring well cluster during this week. 

Period of Rapid Water Rise (July 16) and Slow Rise 
(July 16-July 23. 1992) 

Water level abruptly rose 0.5 ft on July 16, 

and continued to rise another 0.2-0.3 ft during the 
next week. This abrupt rise coincides with a sudden 
discharge increase of 5 cfs at the Boundary flume, 
due to return of water from the Medano Pass 
irrigation diversion. Had this diversion not occurred, 
water levels would probably have continued the 
downward trend that began on July 8. Instead, added 
surface flow in the Creek must have readvanced the 
flow terminus to downstream of the monitoring wells. 

Period of Constant Water Level (July 23- Aug. 25. 
1992) 

Water level remained constant at about -4 ft 
during this period, despite the fact that discharge at 
the Boundary flume declined from 10 cfs to 5 cfs in 
the same period. The relatively high, constant water 
level implies that the surface flow termin~ in the 
Creek was downstream of the wells during tliis entire 
period. The major rainstorm on Aug. 24-25, which 
tripled the discharge at the Boundary flume (from 5-
16 cfs) does not appear to have affected Well L. This 
observation implies that the water level in the well 
was already at .essentially the same elevation as the 
floodplain of Medano Creek, and that it could not 
rise any higher, regardless of discharge in the 
channel. This is reasonable, because increases in 
discharge in the broad floodplain at the monitOring 
wells would be accompanied mainly by increases in 
channel width, rather than in flow depth. 

Period of Rapid Water Decline (Aug. 25- Sept. 15. 
1992) 

During this period water level declined 2. 0 
ft in only 2 weeks. This decline is very rapid, and 
must represent the final seasonal retreat of the surface 
flow terminus to upstream of the monitoring wells. 

Period of Slow Water Decline (Sept. 15- Nov. 7. 
1992) 

During this 7 -week period, water levels 
declined from -6 ft to -7.5 ft, or about 0.2 ft/week. 
This rate is only 20% of the rapid rate of the 
previous period, and is similar to rates of long-term 
decline observed during the winter of 1991-92. 

MONITOR WELL C1 

This well, which is located in the center of 



the Medano Creek floodplain opposite Coring Hole 
C, was drilled and instrumented on April 11, 1992. 
Water level remained at the very bottom of the hole 
(-14.9 ft) from April 11 to April 18. On April 18, 
water level began to rise rapidly, gaining all 14.9 ft 
in about 24 hours. From April19 to April18 (end of 
record) water table was at the ground surface. 

This well was monitored to observe how fast 
the shallow aquifer underneath Medano Creek would 
"fill up" upon approach of the surface flow terminus. 
The surface flow terminus reached the monitoring 
well cluster, 3 km upstream of Well C1, on AprilS, 
1992. The rapid rise in Well C1 on April 18 implies 
the flow front arrived on that day; if so, then it took 
10 days for the front to advance 3 km. The water 
level data show that, within 24 hours of the arrival of 
surface flow, the entire 15ft unsaturated thickness of 
the aquifer filled up with water. This extremely rapid 
rate implies that water infiltrating downward from the 
streambed cannot continue downward as saturated 
flow, but is being prevented from downward 
movement by the "hardpan" layer at the bottom of 
Well Cl. This numerical data complements water 
level rise data from Wells J and L, where the 
unsaturated aquifer thickness before filling was only 
3.5 ft, or about 113 the thickness at Well Cl. 
Surprisingly, it took a very similar amount of time to 
raise the water table 3.5 ft at Well J as it did to raise 
the water table nearly 15 ft at Well Cl. The 
implications of this statement are not currently 
understood, but seem to say that the water table rises 
in a vertical sense much faster than it spreads 
laterally. 

GEOPHYSICAL EXPLORATION 

Electrical resistivity soundings were made by 
G. Hadlock during August and September, 1992. 
These data are currently being analyzed. However, in 
at least one case resistivity soundings were unable to 
detect a known groundwater table at -17 ft (at 
Monitor Well M). The resistivity and seismic data 
collected by the Colorado School of Mines field camp 
in summer of 1991 is also contradictory (Mike 
Powers, pers. comm.). At this point, we speculate 
that ground-penetrating radar may be the most useful 
geophysical technique to locate the water table and 
subsurface geologic contacts. 

155 

+ LITERATURE CITED 

McCalpin, J. P. 1991. Surface flow on Medano, 
Mosca, and Sand Creeks in relation to fault 
zones and water tables: unpublished Semi
Annual Report to the National Park Service, 
NPS Project No. GRSA-R91-0152,Nov.15, 
1991, 19 p. 

McCalpin, J. P. 1992. Surface flow on Medano, 
Mosca, and Sand Creeks in relation to fault 
zones and water tables: unpublished Annual 
Report to the National Park Service, NPS 
Project No. GRSA-R91-0152, May 14, 
1992, 39 p. plus Appendices. 

Powers, Mike. 1992. Personal communication, Nov. 
5. U.S. Geological Survey, Geophy:Sics 
Branch, Denver, Colorado. 





MESA VERDE NATIONAL PARK 

------· 





FIRE EFFECTS AND FIRE HISTORY OF 
MEsA VERDE NATIONAL PARK 

• 
LISA FLOYD-HANNA 

SAN JUAN COLLEGE+ FARMINGTON 

BILL ROMME + FORT LEWIS COLLEGE 

DURANGO 

+ INTRODUCTION 

Mesa Verde consists of a series of mesas in 
a north to south trend. The mesa tops are narrow 
strips, cut by numerous canyons of varying depth. 
Mesa Verde sandstones, particularly the Cliff House 
Formation, form the canyon slopes. Long Mesa, an 
area of focus in this study, has an elevation 2180 m 
at the south to 2517 m at the north end. Long 
Canyon cuts down to an elevation of 2133 m. The 
vegetation on Long Mesa is a mosaic of mature 
pinon-juniper woodlands and mountain shrub 
associations. Shrub associations range from Gambels 
oak, (Quercus gambelii), and serviceberry, 
(Amelancheir utahensis), to Black Sagebrush, 
Artemesia nova), and Bitterbrush, (Purshia 
tridentata). 

Although there is a body of information 
concerned with the effect of fire on pinon-juniper 
woodlands, there are no adequate studies of the 
shrub-rich pinon-juniper ecosystem of Colorado. 
Succession following fire was documented by Erdman 
(1970) in Mesa Verde National Park. He reported 
that annuals dominate initially, then perennial grasses 
and forbs, followed by shrub invasion. The open 
shrub stage becomes a "thicket" approximately 100 
years after the fire. The shrubs, he suggests, are 
outcompeted by pinon and juniper trees, which 
dominate by about 300 years. 

Fire and its relationship to resource 

management in Mesa Verde Park has been outlined 
by Omi and Emrick (1980). Focus was given to 
succession (cover and frequency of grass and shrub 
elements) following the 1873, 1934, and 1972 fires, 
and models predict the possibilities of control over 
moderate and severe fires in various vegetation 
classes within the Park. The study was concerned 
primarily with the nature of fire behavior and various 
fire-related management tools for use by Resource 
Management personnel. 

Our observations suggest that there may be 
considerable heterogeneity in early post-fire 
successional patterns across a range of habitat types 
and fire severity within Mesa Verde National Park. 
Of particular interest is the distinct lack of pinon and 
juniper seedlings and saplings in all shrub 
associations on the northwest end of the Mesa. Thus, 
we cannot predict a successional pattern leading to a 
pinon-juniper woodland, such as found on the 
southern end of the Mesa, for other areas of the 
Park. We have developed two tentative working 
models which provided the framework for the 1992 
field season. The model of fire behavior and 
vegetation patterning of north-central Mesa Verde 
differs from that of south-central Mesa Verde in 
several critical respects. Differences in substrate, 
derived from Cliffhouse sandstones in the south and 
Menifee shales in the north, and geographic position 
relative to the wind patterns (upwind or downwind 
from potential ignitions), play critical roles in fire 
behavior and recovery. Our model also predicts a 
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north-south variation in fire behavior that results from 
severity and frequency of previous fires, and the 
subsequent successional seres which result from the 
past fire experience. The effects of fire on small 
mammal and avian populations must also be 
considered, as pi.iion-juniper invasion is tied closely 
to disperser and predator activity (e.g. Ligon 1978). 
The masting reproductive cycle of pi.iion (Floyd and 
Richardson 1984) also affects potential regeneration 
within the fire cycle. Juniper reproduction also 
fluctuates from one year to the next. These and other 
factors are being considered by our research team as 
we search for predictions about fire responses in the 
Mesa Verde vegetation. 

SPECIFIC OBJECTIVES AND METHODS OF 1992 
FIELD SEASON 

Objective 1. 

Objective 2. 

To continue measurements of fire 
severity parameters along gradients 
of habitat and fire intensity within 
the 1989 Long Mesa Bum. 

To document third-year patterns of 
early post-fire succession in relation 
to gradients of habitat and fire 
intensity. 

Three sampling grids were established in 
1991 to include the range of severity and affected 
vegetation on Long Mesa, within Long Canyon, and 
on the North Escarpment of Mesa Verde National 
Park: 

1. Long Mesa Southern Grid (Grid #1): This grid 
consists of a square kilometer, sampled every 100 
meters, or a total of 121 sampling points. It was 
chosen to represent the heterogeneity of vegetation 
within the Pi.iion-juniper woodland region of the Park 
which has resulted from the 1934 fires (Wickiup 
Canyon and Wildhorse Fires), the 1972 Rock Springs 
fire, the 1989 Long Mesa Fire, and possibly a fire 
that occurred about 1873 (Erdman, 1970). This 
sampling and grid also spans Long Mesa and Long 
Mesa Canyon. "Control points" consist of vegetation 
missed by the 1989 fire. Data were collected from 
May 18-June 4 and August 1-10, 1992. At each 
point we tallied all trees within a radius of 4 m and 
recorded the species, dbh, and condition of each (i.e. 
dead, injured, uninjured). The % cover of living 
plants, unburned litter, burned litter, bare mineral 
soil, and rock substrates were sampled within four 

0.25 m2 quadrats. Sampling within these plots was 
by means of a point-intercept sampling frame 
(Mueller-Dombois and Ellenburg 1974). The 
sampling frame was placed 4 times (at 1 or 3 m 
either side of sampling point) and the vegetation or 
substrate intersected by junctions on the grid were 
recorded. Alternating with the placement of the 
sample quadrat, we excavated a shallow hole with a 
hatchet and measured the depth of soil char. The 
dominant grasses and forbs were recorded, and the 
number or burned and unburned stems of shrubs and 
trees were counted. Rock spalling was noted as an 
indicator of fire intensity. Site characteristics were 
recorded. Data are now being stored on a Macintosh 
LC computer on JMP Version 2 Statistical Package 
(SAS Institute 1989). This program allows data to be 
directly transferred to SAS format. SAS is available 
at San Juan College if further analysis is required. 
Data analysis will be carried out during the 'winter, 
1992. 

2. Long Mesa Northern Grid (Grid #2): The second 
grid was placed within the treeless, shrub-dominated 
community which extends over much of the northern 
sector of Mesa Verde Park. As the vegetation was 
fairly homogenous and the known fire history less 
complex than that of the Southern Grid the size was 
reduced to 1 km by 0.6 km, and the number of 
sampling points to 66. Data were collected as 
outlined above. 

3. North Escarpment Grid (Grid #3): The Long 
Mesa fire jumped over the North Escarpment, and 
ran in strips down toward the base of this steep slope. 
The terrain was very difficult to sample, so the grid 
placement and sampling structure was modified for 
safety of the personnel. Grid #3 covers the Douglas
Fir shrub association which is found infrequently and 
typically on north-facing slopes, in the Park. The 
grid ran 0.5 km in length and 0.4 km in width, and 
sample points were placed every 50 m. Data 
collection was identical to that described above. 

Data collected in 1992 are not yet 
statistically analyzed, so it is premature to compare 
post fire succession in the two years of our study. 
One observation, however, cannot escape mention at 
this point. Our goal is to determine the successional 
sequence which occurs in a non-seeded, non-altered 
area after catastrophic fire. In the northern expanse 
of Long Mesa this is possible. We have, for 
example, documented a rapid return to perennial 



dominance through vigorous resprouting of native 
shrubs, especially oak and serviceberry. On the 
southern end of the Mesa however, temperatures 
were relatively high as the existing pifion and juniper 
trees burned, leaving bare soil and only patches of 
graminoid regeneration. In 1992, a year high in 
precipitation, the invasion by Carduus nutans and 
other noxious weeds has preempted the return of 
native vegetation. Rosettes are densely packed in 
clusters, and will provide next years flowering 
individuals. We believe that such invasion must be 
the focus of immediate study, and that possibly 
aggressive removal of noxious weeds will allow a 
return to the native successional pattern. 

Objective 3. To use a new method of dating 
prehistoric fires, developed in 
1991, to age shrub stands in the 
northwestern sections of Mesa 
Verde National Park. Stand ages 
will be the basis for a stand origin 
map representing fire history. 

Figure 1 shows the location of sampling 
points placed in a grid across the northwestern 
regions of the Mesa. At each point, David Hanna 
and Lana Jo Chapin collected the largest, centermost 
stem from Quercus gambelii clones. At least 10 
replicate clones were sampled at a point; greater than 
10 were sampled if the site supported two or more 
size classes of oak stands. Each sample has been 
sanded and is being aged by Lisa Floyd-Hanna. 
Once aging is complete, the distribution of stand 
origin dates will be used to prepare a stand origin 
map of the sampled area of Mesa Verde National 
Park. 

In the time frame allotted, we were able to 
sample from the western edge of the Park and 
continue across the shrublands to the Moccasin Mesa 
Road. Sampling was not accomplished in the shrub
dominated areas on the extreme east sections of the 
Park, such as Whites, Big and Waters Mesas. These 
shrub rich areas should be sampled in future research 
efforts. 

Because the southern end of Chapin and 
Wetherill Mesas are not shrub rich, other methods 
will have to be used to date the possible fire history 
of this pinon-juniper zone. We have surveyed areas 
in which fuel-reduction crews removed piiion and 
juniper trees, leaving stumps at ground level. These 
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stumps can be sanded to yield visible annual ring 
patterns. The limited sampling accomplished in these 
cut areas indicates a viable method for dating trees in 
the shrub-poor zones. Interpretation of stand ages of 
pifion and junipers will be hampered by our lack of 
precise knowledge of the time between disturbance 
and woodland successional sere replacement. 
However, we will be better able to predict 
successional patterns in Mesa Verde when we 
complete our analysis of vegetation dynamics from 
the vegetation mapping project (Floyd-Hanna and 
Romme, 1991, 1992). 

+ SUMMARY 

During the 1991-1992 field season at Mesa 
Verde National Park, the fire research team 
accomplished two goals. First, grid systems were 
established across the diversity of vegetation types 
burned in 1989 on Long Mesa and two years of 
sampling have been accomplished. We have become 
increasingly concerned at the level of noxious weed 
invasion on the southern end of Long Mesa where the 
relatively hot fire left bare mineral soil. 

Our second objective was to test and utilize 
a method for dating past fires using the annual rings 
of shrubs which resprout after fires. This method is 
needed because fire scarring tree species are not 
available in the Park system. In 1991 we determined 
that this shrub-dating method will adequately predict 
stand origin dates. In 1992 we applied the method to 
a grid system over the northwestern section of the 
Mesa, and will use the Quercus gambelii cores to 
create a stand origin map, dating past fires in the 
Mesa Verde region. 
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Figure 1. Location of stand origin sampling points. At each point indicated, 10 or more cross sections 
of the largest, central, Quercus gambeliistems were removed. Annual ring counts will be made to age the 

oak cross sections. 
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+ INTRODUCTION 

Utah junipers (Juniperus osterosperma 
(Torr.)) are the dominant trees in the landscape of the 
southwestern states (35 million hectares). In Utah, 
the pinyon-juniper woodland represents 28.6% of the 
vegetation and are an important part of the aesthetic 
value of the Utah national parks. Over the past 
several years, extensive foliar damage has occurred 
to Utah juniper, yet little foliar damage has been 
observed in Natural Bridges National Monument, 
Canyonlands National Park, Arches National Park, 
Mesa Verde National Park and Colorado National 
Monument. The characteristic pattern is for the 
distal foliage to become chlorotic and die. Mortality 
progresses along twigs until whole branches or even 
the entire tree dies. The cause for the foliar damage 
is unknown. The loss of juniper trees in the national 
parks in southern Utah would have a dramatic 
ecological impact and would be an aesthetic blight in 
the parks. The purpose of this investigation is to 
determine the cause of the die-off of Utah junipers 
and suggest management options concerning the 
juniper die-off problem. 

+ STUDY AREAS 

The Natural Bridges area was made a 
national monument in 1908 and covers about 26 
square kilometers of area. Seven transects of juniper 
trees were established in the Natural Bridges National 

Monument in 1991 to follow the changes in the die
off problem over time. These transects were 
evaluated in 1992 to see what changes in die-off may 
have occurred in the past year. Prior to 1991 the 
study area had been in a drought for several years. 
During the end of 1991 and during 1992 the rainfall 
was above normal. If drought stress was part of the 
die-off problem, then there should be a decrease in 
the level of juniper die-off. 

A second study area was selected in the 
Canyonlands National Park (Needles area) for 
comparison to the Natural Bridges area. Six transects 
were established in the needles study area and the 
junipers evaluated for disease problems. 

+ BASIC APPROACH 

The basic approach to determining the cause 
of Utah juniper die-off is to consider possible causes 
and then obtain evidence for or against the 
hypothesis. After the cause of juniper die-off has 
been determined, then management options will be 
evaluated. 

1. DETERMINING THE EXTENT OF THE UTAH 
JUNIPE~ DIE-OFF PROBLEM IN NATURAL 
BRIDGES NATIONAL MONUMENT AND IN 
THE NEEDLES AREA OF CANYONLANDS 
NATIONAL PARK. 
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The seven reference transects previously 
established in Natural Bridges National Monument 
were evaluated again to determine if any changes in 
the extent of juniper die-off had occurred in the past 
year with the increased moisture. Six new transects 
were established in the Needles area of Canyonlands 
National Park in different environmental conditions 
such as ridges, washes, flood plains, etc. At each 
transect, 40 Utah juniper trees were selected by the 
quarter method (Phillips 1959). Each tree was 
measured for height, trunk diameter, signs and 
symptoms of diseases, insect damage, nonparasitic 
injury, die-off symptoms, vigor and percent of 
decadence. Soil and plant tissue samples were 
collected and analyzed for elements. 

Nitrogen was determined by the Kjeldahl 
procedure using sulfuric acid digestion and the 
concentrations of the following minerals: K, Ca, Mg, 
Na, and Fe were determined by using nitric
perchloric acid digestion and atomic absorption 
spectroscopy. Total chlorophyll of leaf tissue were 
extracted and quantified by the dimethyl sulfoxide 
method of Hiscox and Israelstam (1979). 

Soil samples were taken from each of the 
sites. The soils were dried, ground and analyzed for 
mineral composition using the Technicon Auto 
Analyzer and the Atomic Absorption Analyzer. Soil 
pH, composition and type were determined on the 
soils from the different transect sites. Soil moisture 
was determined by taking soil samples in moisture 
sealed containers at the three locations at each site. 

The data obtained from the site analyses 
were analyzed by statistical methods using the 
computer program, Statview ll. 

2. HYPOTHESIS ONE: NONPATHOGENIC 
FACTORS ARE THE CAUSE OF UTAH 
JUNIPER DIE-OFF. 

After analyzing the data obtained last year 
from the Natural Bridges area, no strong correlation 
was found betw~n soil elements and die-off. 

The pH and the soil composition in the 
Needles area were similar in all of the transects. The 
element analysis of healthy, green diseased and 
diseased yellow leaves revealed that the concentration 
of iron, magnesium and calcium were significantly 
higher in the diseased yellow tissue. In contrast, the 

level of manganese was the lower in the diseased 
yellow tissue as compared to the healthy green tissue 
and diseased green leave tissue. 

Particular attention was paid to the sodium 
content of the soil and to the foliar tissue of Utah 
juniper, since in an earlier study (Bunderson et al. 
1986) there was a positive correlation between needle 
blight and high salinity. 

3. HYPOTHESIS'IWO: PATHOGENICAGENTS 
(VIRUSES MYCOPLASMA, BACTERIA, 
FUNGI, MISTLETOE, AND INSECTS) ARE 
THE CAUSE OF UTAH JUNIPER DIE-OFF. 

Few studies have been made on the diseases 
of Utah juniper. The juniper rusts (Peterson 1967) 
have been surveyed. The presence of di$eases of 
Utah juniper on 17 sites were surveyed by Bunderson 
et al. (1986). The level of mistletoe infection on 
juniper on the south rim of the Grand Canyon was 
determined by Hreha and Weber (1979). The 
presence of bacteria, fungi, mistletoe and insects 
were evaluated as part of the disease survey on the 
transects at the different reference sites. 

Isolation of organisms (bacteria, mycoplasma 
and fungi) were made using standard isolation 
procedures. Samples of twig and root tissue were 
fixed in 3.5% glutaraldehyde (in 0.1 M phosphate 
buffer, pH 7.3) for 2 hrs, washed overnight in fresh 
buffer and postfixed for 2 hrs in 4% aqueous osmium 
tetroxide. They were dehydrated for 15 min each in 
a acetone series of 30, SO, and 70% and then 
transferred to saturated uranyl acetate in 70% acetone 
and stained for 1 hr. After staining, the specimens 
were washed in 70% acetone for 3 hrs dehydrated in 
90 and 100% acetone, infiltrated overnight in 
eponacetone (1:1) mixture and embedded in epon. 
The thin sections were cut on a Porter-Blum 
ultramicrotome using a diamond knife and examined 
in a Phillips 400 electron microscope. 

Last year the results from the evaluation of 
the soil and leaves from the Juniper transects in 
Natural Bridges National Monument did not reveal 
any clear cut pathogenic agent. Electron microscopy 
did reveal the presence of crystals in the chlorotic 
leaves. Since all of the trees evaluated in the 
transects were considered to be diseased, it is difficult 
to compare the data to a healthy tree. 



Plant tissue were prepared by a similar 
method to look for viruses using the electron 
microscope. 

The needle blight of the trees was present in 
the Needles area in trees with and without twig 
cutters. In several of the transects, twig cutters 
(larvae of long homed beetles) were found to be an 
important component of the chlorotic appearance of 
the junipers. 

The presence of insects borers were recorded 
during the reading of the transects. A few insects 
were collected. The trunks along the transects were 
observed for possible borers that could be causing 
damage to the junipers. 

4. HYPOTHESIS THREE: A COMBINATION OF 
DROUGHT HIGHER SALINITY AND 
TEMPERATURE STRESS ARE THE CAUSE 
OF UTAH JUNIPER DIE-OFF. 

The southwestern part of Utah has been 
experiencing a severe drought over the past several 
years. As drought occurs, salinity tends to move up 
to the upper layers of the soil. Since Utah juniper is 
salt sensitive, it is possible that these combinations 
could be contributing to the die-off problem. At the 
same time, endomycorrhiza and ectomycorrhiza have 
been reported to be present on Utah juniper 
(Reinsvold and Reeves 1986, Klopatek and Klopatek 
1987). The mycorrhiza increases the water 
absorption and mineral uptake capacity of Utah 
juniper. If the mycorrhiza on the juniper roots are 
decreasing, it could result in decreased water and 
mineral uptake and this could be an important aspect 
in the die-off problem. VA mycorrhiza on roots 
from Utah juniper have previously been observed 
(Weber et al. unpublished data). Soil and fine roots 
from the Utah junipers growing at the different ·sites 
were collected and the amount of VA mycorrhiza is 
being determined using the methods of Schenck 
(1982). 

+ RESULTS AND DISCUSSION 

The seven reference transects previously 
established in Natural Bridges National Monument 
were evaluated again to determine if any changes in 
the extent of juniper die-off had occurred in the past 
year with the increased moisture. The amount of die-
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off was lower in 1992 as compared to 1991 (fable 
1). A completely healthy tree was not observed in 
any of the transects. 

H vnothesis one: Simple correlations were 
made with tip dieback, leaf blight and senescence and 
the soil factors. High correlations between these 
factors were not observed in the Natural Bndges 
area. Similar correlations were made with the 
elements in the plant tissue, and no high r values 
were obtained. In the Needles area, the element 
analysis of healthy, green diseased and diseased 
yellow leaves revealed that the concentration of iron, 
magnesium and calcium were significantly higher in 
the diseased yellow tissue as compared to healthy 
green tissue. In contrast the level of manganese was 
the lower in the diseased yellow tissue as compared 
to healthy green tissue and diseased green leave 
tissue. 

Hyoothesis two: No pathogens were isolated 
from the leaves. Twig cutters (larvae of long hom 
beetles) were found to be an important factor in the 
chlorotic appearance of the junipers in several of the 
transects in the needles area, but die-off symptoms 
were found on trees and branches not affected by the 
twig cutters. Electron microscopy analysis indicated 
considerable modification in the diseased cells and the 
presence of crystals. It is not known at this time if 
the crystals are made up of calcium oxalate or 
viruses. 

Hypothesis three: No strong correlation 
between soil moisture, soil salinity and juniper die-off 
was observed. But as the drought has been reduced 
the amount of juniper die-off has also decreased 
(Table 1). 

+ CONCLUSIONS 

After 18 months of study, information on the 
extent of the juniper die-off and the elements in the 
soil and in plant tissue has been obtained from two 
study areas. No causal agent of juniper die-off has 
been isolated at this time. The decrease in juniper 
die-off in relation to the decreased drought would 
give some support to hypothesis three as the cause of 
juniper die-off. 
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Table 1. Comparison of disease ratings for junipers in the Natural Bridges National Monument for the years 1991 
and 1992. 

Attribute 1991 std. error 1992 std. error Change 

Needle blight 1.45 0.26 0.83 0.23 -0.62 
tree rating* 

Senescence tree 2.41 0.70 2.09 1.12 -0.32 
rating* 

Tip dieback 0.98 0.18 0.86 0.26 -0.12 
tree rating* 

Rust Galls 1.01 0.82 0.22 0.30 -0.80 
no/tree 

Fusiform Rust 0.54 0.47 0.34 0.30 -0.20 
tree rating* 

,,...-.1, 

Witches 0.03 0.10 0.10 0.21 0.07 
Brooms Rust 
tree rating* 

Mistletoe 0.05 0.10 0.10 0.26 0.05 
no/tree 

Insect Bores** **0.06 0.10 ••4.02 0.10 •• 
Insect "Pear" 0.85 0.95 1.89 2.94 1.04 
Galls no/tree 

• Tree rating signifies the fraction of the tree effected: 1) 0-20%, 2) 21-40%, 3) 41-60%, 4) 61-80%, 5) 81-H>O%, 
6) dead. 

•• In 1991 Insect Bores were measured as a tree rating, in 1992 individual insect bores were counted. 

• SUMMARY 

A comparison of the disease ratings from 
1991 and 1992 from the juniper transects in Natural 
Bridges National Monument indicated that there was 
a reduction in the amount of needle blight in 1992. 
This may be a reflection of higher moisture 
conditions in the area during 1992. A comparison of 
healthy, green diseased and yellow diseased leaf 
tissue revealed a higher content of calcium, 
magnesium and iron in the yellow tissue. However 
in the case of manganese the yellow diseased tissue 
content was similar to healthy tissue. Twig cutters 
(larvae of long homed beetles) found in the Needles 
area of Canyonland to contribute significantly to the 
chlorotic branches. However, needle blight was also 
present in the absence of the twig cutters. 
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+ RESEARCH SUMMARY 

The 1992 field season began in early May 
with a meeting between the principal investigator and 
NPS Unit Technical Representatives. The primary 
objectives of the second field season was to 1) 
continue with the initial survey so that the number 
and distribution of exotic plant species within the 
Park could be estimated, 2) take low-level aerial 
photographs (slides) of the South Unit so that general 
areas of leafy spurge infestations could be mapped, 3) 
continue to evaluate the existing ecological effects of 
exotics on the native constituents, and 4) estimate 
density and composition of exotics within the soil 
seed bank. 

A systematic search of both the North and 
South Units was continued during the 1992 field 
season. An attempt was made to select a combination 
of specific study sites which represented the entire 
physiographic unit as a whole from heavily infested 
to non-infested. Two, parallel 25 m line transects 
were place at each selected site. Quadrats (20 X 50 
em) were placed in a cover class as described by 
Daubenmire (1959). A two-meter belt transect 
recorded the occurrence of any exotic plant species 
not observed in the quadrats. Specimens were 
collected of all exotic plant species found within the 
Park and are currently being processed and mounted 
according to standard herbarium procedures. 

Aerial photographs (slides) were taken in the 
South Unit during peak flowering of leafy spurge in 
early June. The slides were taken from a fixed-

winged aircraft fitted with a belly-mounted 35 niin 
camera and flown from a height of about 1500 m 
above ground level. The slides are currently being 
examined to see if general areas of leafy spurge 
infestations can be mapped. Preliminary results 
indicate that the level of resolution is generally 
inadequate for accurately mapping sites infested with 
leafy spurge. 

Aboveground biomass, by species, was 
harvested during peak standing crop (August) for 
1992 on sites lightly, moderately and heavily infested 
with leafy spurge, smooth brome, downy brome and 
Japanese brome. Further, the current year's growth 
of several selected woody plant species which are 
common to the Green Ash Draw Habitat Type was 
harvested from sites heavily infested with leafy 
spurge and from non-infested sites. Pellet transects, 
as described by Marlow et al. (1984), were 
established within several selected habitat types 
infested with leafy spurge. The frequency of pellet 
groups within infested sites will be compared to non
infested sites so that the effects of leafy spurge 
infestation on habitat utilization by native ungulates 
can be evaluated. 

Soil samples were collected from 1) non
infested, infested and peripherally infested leafy 
spurge sites, 2) non-infested and infested smooth 
brome sites, and 3) several randomly located sites not 
infested with leafy spurge, smooth brome, downy 
brome or Japanese brome . . The samples were sifted, 
thoroughly mixed and divided into two equal 
portions. One portion was moistened and then stored 
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in a plastic bag for about 10 weeks at 1-3° C for 
stratification. The remaining sample was uniformly 
spread to a depth of 3 em on top of 3 em of a sterile 
vermiculite-peat moss mixture in a standard seeding 
flat. The flats were randomized on a greenhouse 
bench. Germination trials are currently being 
conducted. Preliminary results indicate that the 
number of seedlings emerging from sites infested 
with leafy spurge is significantly greater compared to 
non-infested sites (Table 1). The two species 
emerging from the flats have been tentatively 
identified as leafy spurge and downy brome. 

Table 1. Mean number of emerged seedlings recorded from 20 
X 40 em soil samples collected within noninfested, 
infested and peripherally infested leafy spurge sites in 
Theodore Roosevelt National Park (sample sizes are 
within parenthesis) during the first two weeks of 
gennination trials. 

Species Noninfested 

(10) 

Week One 
Downy Brome1 l.Ob 

Leafy Spurge1 l.Ob 

Week Two 
Downy Brome1 1.8b 

Leafy Spurge1 1.7b 

Infested 

(9) 

89.<>-

Peripherally 
Infested 

(5) 

3.8• 

9.6b 

Row means followed by the same letter are not significantly 
different (P>0.05). 
1Tentative Identification 

PROBLEMS 

Mapping the general areas of leafy spurge 
infestation from the aerial photographs (slides) with 
any confidence will be a problem. The photographs 
were taken from a relatively low flying aircraft; 
however, the level of resolution is inadequate for any 
kind of accurate mapping. The maps will require 
substantial ground verification if they are to have any 
utility. This is a common problem which has been 
voiced from other scientists who also have tried to 
aerially map leafy spurge infestations. I will continue 
to work on the maps but I am not optimistic. 
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+ ABSTRACT 

Sixty-five healthy coyote (Canis latrans) · 
adults and 53, 8-12 week old pups captured at dens 
were radio-tagged in the Lamar Valley and Blacktail 
Plateau areas of the northern range of Yellowstone 
National Park. Adults range in age from 1 to 11 
years and averaged nearly 3 years old. Territorial 
packs in both study areas are adjacent, non
overlapping, contiguous, and averaged 15 km2

• 

Based on information the last three winters and data 
collected from 1946 to 1949, territorial areas are 
traditional and have changed little in the last 45 
years. We estimate that 85 to 90% of coyotes on the 
northern range belong to packs. A territorial group 
or pack during the winter consists of 2 alpha 
individuals, 2 or 3 beta adults, and 2 or 3 adult-sized 
pups (average pack size = 7). Only one radioed 
adult coyote has died since May of 1992. Twenty
four of 53 pups have died between the ages of 3 and 
9 months old. Population productivity ranges from 
1.8 to 2.5 pups recruited per territory. The 
reproductive failure rate among breeding groups 
averaged 15% during 1990 and 1991. Initial density 
estimates are 1.4 coyotes per square mile. Intensive 
foraging observations were conducted from January 
through June 1991 (353 hours) and from November 
1991 through April 1992 (1100+hours). Focal 
observations collected from January-June 1991 
resulted in 427 capture attempts on small mammal 
prey with 162 (38%) successful. Habitat type played 
a key role in the success rate. Preliminary analysis 
of the November 1991 to April1992 data indicated a 
substantial reduction in prey attempts and prey 
success. This reduction was mostly a function of 

harsh snow conditions in early winter and abundiint 
elk carrion in late winter. Over eighty ungulate 
carcass were located this winter in the 2 study areas. 
However, small mammals, especially voles, dominate 
the diet with ungulate remains becoming important in 
May through July (presumably elk calves) and late 
winter (mostly scavenging). 

We have documented numerous successful 
and unsuccessful predation attempts on ungulates in 
our study areas. Coyotes appear to impact ungulate 
numbers in 3 ways: predation on calves and fawns 
shortly after birth (up to 8 weeks), predation on 
short-yearlings and adults during winter, and indirect 
impact from harassment of other predators at 
ungulate-kills. Coyotes may be the major ungulate 
predator on the northern range due to cooperative 
social and foraging behavior, their ability to take 
advantage of vulnerable ungulates, and their high 
population levels. Wolf extirpation has probably 
resulted in high coyote population densities and 
coyotes have, at least, partially slid into this vacant 
niche. 

+ INTRODUCTION 

The ecology of natural, unexploited coyote 
populations is, for the most part, unknown. Whether 
research is management-oriented or of evolutionary 
significance, the ecology of natural coyote 
populations must be understood in the absence of 
human exploitation. Yellowstone National Park 
should provide the ideal situation for such an 
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investigation. Not since Adolph Murie's landmark 
study 50 years ago (Murie 1940) has a 
comprehensive, objective study of coyote ecology 
been undertaken in the Yellowstone ecosystem. 

The objectives of this project are to: 

1. Assess effects of 1988 fires on 
coyote survival, reproduction, 
activities, pack and territorial 
dynamics. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Estimate coyote population density 
and quantify their ecological role 
preceding potential wolf (Canis 
lupus) restoration. 

Quantify the effect of winter elk 
carrion availability and mule deer 
( Odocoileus hemionus) density on 
coyote population dynamics. 

Describe coyote seasonal responses 
to movements of elk ( Cervus 
elaphus) and mule deer. 

Test if coyote pack size is related 
to prey size, territory size, size of 
litters, and pup survival. 

Describe interspecific interactions 
among scavengers. 

Document predation of coyotes on 
ranch livestock by coyotes from 
Yellowstone, and on allotments on 
National Forests adjacent to the 
northern range. 

Develop and test a social-class 
structured population model in 
comparison to sex -and age
structured approaches. 

Estimate parameters for, and 
develop an empirically-based 
energetic model that explains the 
variation m spatial location, 
movement, and reproductive 
success of coyotes based on various 
underlying themes (prey base, 
habitat, slope, aspect, etc.). 

Ke:zb.a Hatier began collecting data on how 
beta pack members on the Northern Range influence 
pup survival via feeding and den guarding. Scott 
Grothe will begin collecting data this winter on 
carcass use and how carrion availability affects social 
and population parameters of coyote packs. Their 
work is part of their Masters and Ph.D. research, 
respectively, at Montana State University. For 
specific methodology see Crabtree (1991). 

+ RESULTS AND DISCUSSION 

Field work began in fall 1989 in the Lamar 
Valley and Blacktail Plateau areas of northern 
Yellowstone. Since then we have maintained our 
goal of 1 to 3 marked adults in all social groups in 
both study areas. Lamar Valley has 7 social groups 
or "packs", whereas Blacktail Plateau'" has 6. 
Including only the areas adjacent to, and either side 
of the paved highway there are 21 social groups from 
the west end of Blacktail Plateau to the east end of 
Lamar Valley. 

Sixty-five adult coyotes have been captured 
(27 F, 28 M) in Lamar and Blacktail areas during 
fall/winter and spring trapping periods. Fourteen 
coyotes were trapped and radio-collared in fall 1992 
(10 adults and 4 pups), which included 3 recaptures. 
Seven of these were instrumented with activity 
collars. Trap success was high and still averaged 
approximately 42 trap nights/coyote. Four badgers 
(Taxidea taxus) were also captured this fall. The age 
of trapped coyote adults (11 + months and older) 
ranged from 1 to 5 yrs and averaged 3.3 yrs. To our 
knowledge this is the oldest average age yet reported 
in any coyote study. 

Twenty-seven pups were hand-captured at 
dens in June 1992. Pups were isolated from den 
entrances and "grabbed" or were forced out of their 
dens with a wire-ferret device. Twenty-one of these 
were surgically implanted with a intraperitoneal 
transmitter ( 45 g) and released. Six pups were not 
implanted because of their low weight and poor 
condition. 

SOCIAL AND SPATIAL ORGANIZATION 

Territorial packs in both study area are 
adjacent, non-overlapping, contiguous, and averaged 



15 km2
• Evidence strongly indicates that coyote 

territories are traditional and have not shifted spatially 
in over 45 years. The location of dens discovered in 
1946 to 1948 were compared to the location of dens 
discovered in 1990 to 1992. Five of 7 den areas 
were still being used. In addition, the boundary 
regions of 8 territories have not changed from winter 
1989-90 to winter 1991-92. 

We estimate that 85 to 90% of coyotes on 
the northern range belong to packs. As in other 
studies of coyote social ecology, a northern range 
pack or territorial group consists of a dominant, 
mated alpha-pair and subordinate "beta" individuals. 
These betas are pups from previous litters that remain 
in the natal area. 

We calculate that during the winter an 
average northern range pack consists of 2 alpha 
individuals, 2 or 3 beta adults, and 1 to 3 adult-sized 
pups (average pack size = 7). Approximately one 
beta adult in each pack has a loose affiliation with its 
natal area and has a movement area much larger than 
the territory size. The average pack size during 
winter 1991-92 was 6.5 compared to 7.1 the previous 
winter. 

Preliminary results of carcass observations 
suggest that pack access to a carcass is a function of 
initial discovery, its location with respect to territorial 
boundaries, and level of hunger. Within a pack, the 
alpha male has first feeding aceess and is occasionally 
tolerant of the alpha female but not subordinate betas 
and pups. 

POPULATION DEMOGRAPHICS 

Based on visual capture-recapture and 
territory enumeration the population density of 
coyotes on the northern range appears to be very 
high. Preliminary estimates averaged 1.4 adult 
coyotes per mi2• Density appears stable and we have 
detected no significant changes over 3 consecutive 
winters. We are currently finishing the counting of 
scats for presence of the isotope-label. Over twenty 
percent of the first 850 scats counted were labeled. 
This ratio of marked to unmarked scats will allow an 
independent estimate of population density. 

Although some coyotes have dispersed from 
their natal pack territories, we are aware of only one 
adult mortality since May of this year. A radio 
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collared female from the Lava Creek pack was shot 
by hunters on Deckered Flats near Gardiner. 

Disease took its toll on pups on the northern 
range this past summer. Necropsies determined that 
six of the 10 implanted pups, and one non-implanted 
pup in the Blacktail study site died from parvovirus. 
Two others died of unknown causes. However, only 
one of 11 implanted pups in Lamar Valley was found 
to have died from parvovirus. Mortality rate of pups 
implanted this past summer was 43 %. 

FORAGING ECOLOGY 

Eric Gese, University of Wisconsin
Madison, observed 17 coyotes (10M, 7 F) from 15 
January to 15 April 1991. A total of 223 hours of 
observation were collected on foraging and sooial 
behavior (including mating and scent-tna&ing 
behavior). We observed 264 capture attempts with 
92 (35%) successful. Habitat type played a key role 
in the success rate. Mesic meadow and mesic 
shrub/meadow habitats had the highest capture rate at 
36% and 44%, respectively. Sage habitat had the 
lowest success rate at 28%. These different success 
likely reflected different prey densities and prey 
vulnerabilities. 

Thirteen coyotes (10M, 3 F) were observed 
from 16 April to 15 July 1991. A total of 130 hours 
of observation were collected on foraging and social 
behavior including adult-pup interactions and 
territorial defense. We observed 163 capture 
attempts with 70 ( 43 %) successful. Mesic meadow 
and mesic shrub/meadow habitat, again, had the 
highest success rate at 47% and 40%, respectively, 
whereas sage habitat was low at 33%. Further 
analysis of foraging rates will include the influence of 
snow depth and type, habitat, sex, social class, age, 
and weather. 

Over 1100 hours of foraging observations 
were collected from November 1991 through April 
1992. Preliminary analysis of the November 1991 to 
April 1992 data indicated a substantial reduction in 
prey attempts. This reduction was mostly a function 
of harsh snow conditions in early winter and 
abundant elk carrion in late winter. Over 100 
ungulate carcass were located this winter in the 2 
study areas. 

The 170-mile scat-survey transects conducted 
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at the end of each biological season results in the 
collection of 300 to 400 samples. We have 
subsam.pled 160 scats from each collection period and 
have begun analysis of food habits and estimates of 
prey biomass consumed. Preliminary results indicate 
that small mammals, especially voles, dominate the 
diet with ungulate remains becoming important in 
May through July (presumably elk calves) and late 
winter (mostly scavenging). 

We documented numerous successful and 
unsuccessful predation attempts on ungulates in our 
study areas. Coyotes appear to impact ungulate 
numbers in 3 ways: predation on calves and fawns 
shortly after birth (up to 8 weeks}, predation on 
short-yearlings and adults during winter, and indirect 
impact from harassment of other predators at 
ungulate-kills. Although coyote predation on 
ungulates has not been directly looked at, the 
following information strongly suggests that coyote 
predation on ungulates is a significant factor and that 
the coyote is currently the major ungulate predator on 
the northern range. Of course this could dramatically 
change with the recolonization of wolves. 

A recent elk calf mortality study (B. 
Harting, unpubl. data 1991) indicated a 7, 7, 10, and 
35% annual coyote predation rate in Lamar Valley 
during 1987, 1988, 1989, and 1990, respectively. 
This corresponds to the remains of 1 to 3 elk calves 
per coyote den found during June at both study areas 
in 1990 and 1991. Based on searches of denning 
sites (coyotes generally move 4 or 5 times the first 10 
weeks after birth) we calculate a minimum of 8 
calves killed (and brought back to the den) per 
territorial pack. We also have found intact elk calves 
killed by coyotes and not utilized. 

Based on preliminary analysis of a small 
sample of marked pronghorn fawns and fawn/doe 
ratios, it appears that coyote predation was 80% on 
northern range pronghorn fawns in 1991 (D. Scott, 
pers. commun. 1991). We also suspect high coyote 
predation rates on mule deer fawns. 

Coyote predation on elk during the winter 
months appears to be a function of increased 
vulnerability: snow conditions and slope (G. Green, 
pers. commun. 1988) and the size and condition of 
short-yearlings. Besides noting several successful 
and unsuccessful predation attempts on short- yearling 
elk (and one successful attempt on an adult mule 

deer}, we noted a healthy 2 or 3 yr. old cow that was 
attacked and killed by a pack of coyotes in Lamar 
Valley in February 1990. During carcass surveys 
conducted on the northern range in 1987 researchers 
were able to verify that coyotes killed 3 of 5 short
yearling elk for carcasses discovered 0 to 4 days after 
death; and 2 of 7 short-yearlings 4 to 16 days after 
death. An additional 28 short-yearlings were found 
16 to 90 days after death but cause of mortality could 
not be attributed to a predator. 

Another means by which coyotes numerically 
impact ungulate populations is through harassment of 
other ungulate predators thereby forcing them to 
abandon their kill and kill ungulates at a higher rate. 
During intensive observations in recent years coyotes 
have been observed usurping both mountain lions and 
grizzly bears from their kills. Without~-· coyote 
harassment lions apparently spend 2 to 3 tim(;g longer 
feeding at a kill (G. Felzien, unpubl. data 1991). In 
one instance, a coyote pack was observed usurping, 
attacking, and biting a grizzly bear (S. French, pers. 
commun. 1991). 

Although it is difficult to quantify the direct 
impact of coyotes on ungulate populations it is 
feasible that coyotes could be removing 1000 or more 
elk annually. The average percent elk calf mortality 
reported above was 15%. Crudely extrapolated to 
the northern range, fifteen percent of, say, 6000 elk 
calves in 900 elk removed by elk calf predation 
alone. Compared to an estimated 350 to 400 elk 
removed by mountain lions annually (K. Murphy, 
pers. commun. 1991) coyotes may present a 
significant influence on ungulate populations 
(especially on low populations of pronghorn and mule 
deer). This impact is function of coyote population 
size which may be at unnaturally high levels due to 
the ·extirpation of wolves. Based on extrapolations 
from our study areas to other similar areas on the 
northern range with known coyote presence we 
estimate at least 450 coyotes (60 packs) on the 
northern range. 

+ CONCLUSIONS 

The northern Yellowstone population has 
characteristics similar to the natural, unexploited 
population in south-central Washington studied by 
Crabtree (1989): low productivity, a highly-structured 
social system, a contiguous distribution of non-



overlapping, year-round territories, and an old-age 
structure. Adult mortality is low and primarily due 
to mountain lions. Like gray wolves (Canis lupus), 
85 to 90% of northern Yellowstone coyote population 
exists in packs and average pack size is high. 
Northern range coyotes prey , primarily on small 
mammal prey, but ungulate prey is a significant food 
source seasonally. Coyotes may be the major 
ungulate predator on the northern range due to 
cooperative foraging behavior, their ability to take 
advantage of vulnerable ungulates, and their high 
population levels. Wolf extirpation has probably 
resulted in high coyote population densities and 
coyotes have, at least, partially slid into this vacant 
niche. 
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+ INTRODUCTION 

Remotely sensed multispectral data collected 
from satellites provide a systematic, synoptic ability 
to assess conditions over large areas on a regular 
basis. Early use of this satellite data for land cover 
mapping was based on spectral differences of cover 
types, with little integration of ancillary data such as 
soils or topographic information (Iverson et al. 1990). 
In recent years, concurrent with trends toward 
integrating remotely sensed and ancillary data for 
improved classification accuracy (Cibula and Nyquist 
1987; Frank 1988), there has been increasing interest 
in utilizing remotely sensed data for extracting 
biophysically important variables, relating observed 
spectral reflectance to leaf area index, biomass, net 
primary productivity, and vegetation moisture content 
(Waring et al. 1986; Hobbs and Mooney 1990). 

The concept of using remotely sensed 
spectral data to map and monitor the progress of 
succession within forests and other environments has 
not been extensively explored. However, the 
capability to map and predict successional stages of 
forest habitat types on a landscape to regional scale 
has important implications for animal habitat 
management, assessment of insect infestation 
susceptibility, prediction of fire behavior, and 
evaluation of plant and animal species diversity. 
Ecological models based on established successional 
change rates and trends permit the prediction of 
future environmental conditions, landscape patterns, 
and the propagation and effects of disturbances across 

these landscapes (Hall et al. 1988; Romme 1982). 
Despain (1990) provides two examples where 
information on habitat and cover types is important 
for park management purposes: the cumulative effects 
model for grizzly bears; and the prediction, 
assessment, and management of mountain pine beetle 
outbreaks in conifer forests. Accurate mapping of 
habitat and cover types can provide information on 
the distribution and pattern of specific plant 
communities important to animal species for food, 
cover, and breeding ground (Knight and Wall ace 
1989). The ability to map and predict successional 
stages of forest habitat types has implications for 
prediction of fire behavior and spread. Previous 
studies (Despain 1990; Romme and Despain 1989; 
Romme 1982; Taylor 1969) have noted the 
relationship between forest age and fire susceptibility. 
Older stands are comparatively more flammable than 
younger stands due to fuel accumulations on . the 
ground and in the canopy, and have a higher 
propensity to propagate and sustain extensive crown 
fires. Spatial patterns of cover types may also be 
important, with a highly fragmented landscape mosaic 
providing natural firebreaks under typical weather 
conditions. Consequently, as Despain (1990) has 
noted, the ability to map forest habitat and cover 
types is of importance for estimation of fire intensity 
and spread. 

The use of a single habitat type provides a 
logical unit for environmental stratification of the 
study site. Since a habitat type integrates vegetation, 
climate, topography, and soils (Pfister and Amo 



1980), using a single habitat type forces a restriction 
to selective ranges in climate, topography, and soils 
types. These constrictions will minimize the effects 
of abiotic variation on the recorded spectral 
reflectance, allowing analysis of spectral variation to 
be concentrated on the changes in biotic factors 
associated with succession. 

+ OBJECTIVES 

This research project has the following 
objectives: 

1. Identification of spectral reflectance patterns 
characteristic of successional stages of 
selected Rocky Mountain forest habitat types 
and cover types. 

2. Establishment of baseline environmental 
characteristics for the subsequent monitoring 
of forest successional stages. 

3. Identification of the biotic factors (forest 
composition and structure) influencing 
spectral reflectance. 

+ STUDY AREA 

Habitat types common to the Yellowstone 
area have been defined by Romme (1982) and Steele 
et al. (1983), while early postfire succession in the 
region has been extensively researched by Lyon and 
Stickney (1976) and Taylor (1969). Romme (1982) 
described two major habitat types within the Little 
Firehole River watershed in southwestern 
Yellowstone. On more xeric upland sites, the Pinus 
contorta/Carex geyeri habitat type dominates, while 
in more mesic uplands, the Abies 
lasiocarpa/Vaccinium scoparium habitat type is 
dominant. Within each habitat type, Romme 
identified six postfire successional stages. The 
specific locations of sample sites for this study within 
the northwest Central Plateau region were determined 
through the analysis of geographic and remotely 
sensed data. 

185 

+ METHODS 

A map of abiotically homogeneous units was 
created using overlay analysis on abiotic data layers 
(slope, aspect, elevation, and surficial geology) stored 
in a GIS database. This map was used to identify the 
spatial extent and distribution of habitat types and 
minimize abiotic effects upon vegetation (and 
consequently spectral reflectance values). Spectral 
data for a selected habitat type were extracted from 
a Landsat TM scene using the GIS habitat type layer 
to mask selected units. The multispectral data 
coincident with the selected units were subjected to 
an unsupervised classification algorithm to create a 
map of spectrally distinct vegetation cover types 
within the habitat type. Using this map as a guide 
for field operations, biotic characteristics ~~re 

measured at sample sites within each cover 1type 
derived from the satellite data analysis. 

Biotic measurements for each selected site 
were taken within a 20 x 25 m square plot, except in 
young, dense stands where a 10 x 10 m plot was 
employed. Diameter at breast height (DBH) was 
measured in 5 em size classes by species for trees 
greater than 2.5 m in height, using a Biltmore stick. 
Trees smaller than 2.5 m high were counted in four 
seedling classes: 0.5-1.0 m, 1.0-1.5 m, 1.5-2.0 m, 
and 2.0-2.5 m, by species. In plots where the dense 
cover of seedlings precluded seedling counts for the 
entire plot, two subplots of 10 x 10 m were 
established in opposite comers of the plot, and 
seedlings were tallied in the four height classes. 
Density (number of stems/hectare) and basal 
area/hectare were calculated for all plots using DBH 
tallied by species. Mean height of the dominant 
overstory was estimated for each sample plot. Tree 
cores were extracted from a representative sample (5-
10 individuals) of each plot to calculate approximate 
age and assess the disturbance history of the 
dominant overstory. 

Within each stand plot, twenty 0.5 x 0.5 m 
understory plots were established at equal intervals 
along four transects through each plot. Understory 
vegetation (grasses, forbs, and shrubs) were recorded 
by species as percent cover within each subplot using 
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the Daubenmire technique (Daubenmire 1959). 
Ground cover not occupied by herbaceous or low 
woody plants were classified into five classes: 
moss/lichen, litter, persistent litter, rock, and bare 
soil. Slope, aspect, and elevation were assessed for 
each plot. 

Statistical analysis of the biotic field data 
will be performed to determine whether ecological 
differences among successional stages are correlated 
with the satellite spectral data. A multiple analysis of 
variance (MANOV A) will be used to test for 
significant differences among the groups (Davis 
1983). If two preliminary spectral successional 
stages are determined to be essentially identical 
biotically and spectrally, the two classes will be 
merged and new statistics calculated for the new 
class. From this analysis, a final set of biotically and 
spectrally unique successional stages will be 
produced. 

The second phase of satellite data analysis 
will define the relationships between spectral response 
patterns and biotic variables. Spectral values will be 
extracted from the Landsat image and used as 
dependent variables, while the biotic data will be 
used as the independent variables in multiple 
regression analysis. Multiple regression analysis will 
also be used to determine the relationship of selected 
biotic variables to the calculated age (time since 
origin/establishment) of the stand. 

+ LITERATURE CITED 

Cibula, W. G., and M. 0. Nyquist. 1987. Use of 
topographic and climatological models in a 
geographical database to improve Landsat 
MSS classification for Olympic National 
Park. Photogrammetric Engineering and 
Remote Sensing 53:67-75. 

Daubenmire, R. 1959. A canopy-coverage method 
of vegetational analysis. Northwest Science 
33:43-66. 

Davis, J. C. 1983. Statistics and Data Analysis in 
Geology (2nd Edition). John Wiley and 
Sons. 

Despain, D. G. 1990. Yellowstone Vegetation: 
Consequences of Environment and History 

in a Natural Setting. Roberts Rinehart, 
Boulder, CO. 

Frank, T. D. 1988. Mapping dominant vegetation 
communities in the Colorado Rocky 
Mountain Front Range with Landsat 
Thematic Mapper and digital terrain data. 
Photogrammetric Engineering and Remote 
Sensing 54:1727-1734. 

Hall, F. G., D. E. Strebel, and P. J. Sellars. 1988. 
Linking knowledge among spatial and 
temporal scales: Vegetation, atmosphere, 
climate, and remote sensing. Landscape 
Ecology 2:3-22. 

Hobbs, R. J., and H. A. Mooney. 1990. RemOte 
sensing ofbiosphere functioning: Cqpcluding 
remarks. Chapter 15 in Remote Sensing of 
Biosphere Functioning. R. J. Hobbs and H. 
A. Mooney, eds. Ecological Studies 79, 
Springer-Verlag, NY. 

Iverson, L. R. R. L. Graham, and E. A. Cook. 
1990. Applications of satellite data to 
forested ecosystems. Landscape Ecology 
3:131-143. 

Knight, D. H., and L. L. Wallace. 1989. The 
Yellowstone Fires: Issues in landscape 
ecology. BioScience 39:700-706. 

Lyon, L. J., and P. F. Stickney. 1976. Early 
vegetal succession following large Northern 
Rocky Mountain wildfires. Proceedings of 
the Tall Timbers Fire Ecology Conference, 
Missoula, MT. pp. 355-373. 

Pfister, R. D., and S. F. Arno. 1980. Classifying 
forest habitat types based on potential climax 
vegetation. Forest Science 26:52-70. 

Romme, W. H. 1982. Fire and landscape diversity 
in subalpine forests of Yellowstone National 
Park. Ecological Monographs 52:199-221. 

Romme, W. H., and D. _G. Despain. 1989. 
Historical Perspectives on the Yellowstone 
Fires of 1988. BioScience 39:695-699. 

Steele, R., S. V. Cooper, D. M. Ondov, D. W. 
Roberts, and R. D. Pfister. 1983. Forest 



Habitat Types of Eastern Idaho-Western 
Wyoming. U.S.D.A. Forest Service 
General Technical Report INT-144. 

Taylor, D. L. 1969. Biotic Succession in 
Lodgepole Forests of Fire Origin in 
Yellowstone National Park. Ph.D. 
Dissertation, University of Wyoming, 
Laramie, WY. 

187 

Waring, R. H., J. D. Aber, J. M. Melillo, and B. 
Moore. 1986. Precursors of Change in 
Terrestrial Ecosystems. BioScience 36:433-
438. 



REMOTE SENSING OF VEGETATION ~COVERY IN 
GRASSLANDS AFTER THE 1988 FIRES 

• 
EVELYN MERRILL + DEPARTMENT OF ZOOLOGY AND PHYSIOLOGY 

RON MARRS + DEPARTMENT OF GEOLOGY 

UNIVERSITY OF WYOMING + LARAMIE 

+ INTRODUCTION 

Traditional methods for measurement of 
vegetative biomass can be time-consuming and labor
intensive, especially across large areas. Yet such 
estimates are necessary to investigate the effects of 
large scale disturbances on ecosystem components 
and processes. One alternative to traditional methods 
for monitoring rangeland vegetation is to use satellite 
imagery. Because foliage of plants differentially 
absorbs and reflects energy within the 
electromagnetic spectrum, remote sensing of spectral 
data can be used to quantify the amount of vegetative 
biomass present in an area (Tucker and Sellers 1986). 

In 1987 we found that Landsat Multispectral 
Scanner (MSS) imagery could be used to quantify 
green herbaceous phytomass (GHP) on ungulate 
summer range in the northeastern portion of 
Yellowstone National Park. Estimates of GliP in the 
study area were well within values reported for the 
habitat types sampled (Mueggler and Steward 1980). 
Annual variation in GHP was related to winter snow 
accumulation probably due to the timing of snow melt 
(Merrill et al. 1988). Additionally, we found that 
GHP explained a significant amount of the variation 
in the per capita growth rate of elk population from 
1972 to 1987 (Merrill and Boyce 1991). 

The extensive fires that occurred in the Park in 
the summer of 1988 provided an opportunity to 
determine whether remote sensing could be used to 
monitor grassland vegetation recovery in the Park and 
to explore the effects of the 1988 fires on ungulate 
populations using models we developed in 1987. 
Previous studies have used Landsat imagery to 
monitor succession of seral stages after fire in pine 
(Jakubauskas et al. 1990), but no studies to our 
knowledge have used this approach to quantify 
herbaceous recovery in grasslands. 

The objectives during this study period were: 

(1) to develop and validate a model for 
predicting GHP in sagebrush-grassland 
communities using 1989-91 Landsat TM 
spectral information and field data on 
GHP; and 

(2) to describe broad-scale vegetation 
recovery in burned areas and 
physiographic and soil features which 
influence the recovery. 

+ STUDY AREA 

The study was conducted in the northeast portion 
of Yellowstone National Park with major focus on the 
upper Lamar, Cache and Calfee River drainages and 
the Mirror Plateau. Elevations range from 1,500 to 



3,300 m. Descriptions of vegetation communities in 
the park are given by Despain (1990). Our work 
focused on the non-forested plant communities within 
the study area. These included sagebrush (Artemisia 
tridentata) communities which have an understory of 
bluebunch wheatgrass (Agropyron spicatum) in dry 
areas and Idaho fescue (Festuca idahoensis) on the 
more mesic sites. Silver sagebrush (Artemisia cana) 
with an Idaho fescue co-dominant is found on areas 
associated with high water table such as streambanks 
and seeps. High elevation grasslands are dominated 
by Idaho fescue/tufted hairgrass (Deschampsia 
cespitosa) and tufted hairgrass/sedge (Carex spp.). 
At intermediate elevations, Idaho fescue/wheatgrass 
(Agropyron spicatum and A. caninum) communities 
are encountered with the latter dominating in the 
more mesic sites. 

+ METHODS AND RESULTS 

VEGETATION DATA COLLECTION AND 
ANALYSIS 

Vegetation data were collected at 50 ground
truth sites from 25 July-10 August, 1989, 30 July-11 
August, 1990, and 30 July-13 August, 1991 across 
two elk summer ranges (Norris/Cache/Calfee Ridge 
complex and Mirror Plateau). Twenty-two sites have 
been resampled each year. Each site encompassed at 
least 0.81 hectares (2 acres or approximately 9 
landsat pixels) of homogeneous vegetation. At each 
site physiographic characteristics were recorded using 
topographic 1:24,000 maps. Grassland habitat types 
followed Yellowstone National Park habitat mapping 
(Despain 1990). 

Vegetation was sampled and analyzed using a 
double sampling approach (Merrill et al. 1988). At 
each site, percent cover of graminoids, forbs, bare 
ground, rock, moss, lichens and wood were 
estimated. Average heights of plants within forage 
classes were also measured and an index to plant 
volume was calculated as canopy cover x average 
plant height. Shrub cover was measured using line 
intercept method. 

Ten of the 30 microplots at each site were 
clipped to ground level. Vegetation was separated 
into green graminoids, green forbs and standing dead. 
A criterion of > 25% "green" was used to 
differentiate green from standing dead plants. 
Biomass samples were dried at 7fr for 48 hours and 
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weighed to the nearest 0.1 gm. All weights are 
reported as oven-dry weights. The relationship 
between plant volume and biomass was determined 
using a least squares multiple regression analysis. 

LANDSAT DATA ACQUISITION AND 
ANALYSIS 

Landsat Thematic Mapper (TM) imagery of the 
study area was acquired for 2 August 1989, 13 
August 1990, 6 August from EOSAT by the National 
Park Service. Digital Landsat data were transferred 
from 9-track computer tapes to the Micro-computer 
Image Processing System (MIPS) for data processing. 
At each of the 50 sites the spectral values of 9 
contiguous pixels were averaged for each of the 6 
TM bands. Linear combinations of TM spectral 
values as well as published vegetation indices are 
being developed. The perpendicular vegetation index 
(PVI), and the green vegetation index (GVI) will .. be 
derived using the Graham-Schmidt Orthogonalizat~n 
process (Frieberger 1960 in Jackson 1983). Jackson 
(1983) showed that these indices minimize soil 
background variations while improving green 
vegetation signals. Relationships between the 
averaged TM band spectral values and their various 
vegetation indices and phytomass estimates are being 
determined using liner and nonlinear least squares 
multiple regression analysis. However, to conduct 
these analyses, Landsat data from the different years 
must frrst be calibrated for differences related to 
changes in instrument sensitivity, electronic gain and 
bias (Markham and Barker 1986). 

Currently, we are evaluating several spectral 
relationships built from a subset of the field data and 
the 1989-91 Landsat spectral data. Models which 
meet established criteria (relationships which have 
significant F values (P < 0.05); account for > 50% 
of the variance in the field data collected; highest 
precision) will be further evaluated by comparing 
their predictions using field data not used in the 
model building process. Topographic, soils, aspect, 
slope and elevational data have been put into our GIS 
and will be used to explore patterns of vegetation 
recovery. 
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+ INTRODUCTION 

The recovery of stream ecosystems in 
Yellowstone National Park following the fires of 
1988 has been punctuated by disturbances caused by 
high flows in 1991 and again in 1992. In at least a 
third of the study sites, changes in channel conditions 
in 1992 were equal. or greater than those documented 
in the preceding year. These impacts are expected to 
translate into reductions in primary production, 
benthic organic matter, and macroinvertebrate 
abundance and diversity over the next few years in 
most of streams draining burned watersheds in and 
adjacent to the Park. However, in Cache Creek and 
its tributaries the changes are so profound that 
recovery of biotic structure and function to prefire or 
reference stream conditions are unlikely to occur in 
succeeding decades or even centuries. Comparison 
of conditions in Cache Creek with those in other, less 
severely impacted watersheds in subsequent years 
could provide valuable insights into the differences in 
ecosystem response to severe versus moderate 
disturbance following fire or other comparable 
impacts such as overgrazing or climate change. The 
changes which occurred in Cache Creek in 1992 are 
expected to result in much reduced rates of recovery 
in ecosystem structure and function and possibly to 
the establishment of new (lowered) equilibrium 
conditions. Although such a possible outcome has 
been postulated (Minshall et al. 1989), the ideas have 
never been tested. Examination of additional 
streams, coupled with analysis using Geographical 
Information System (GIS), would permit 
determination of whether the adverse effects seen in 

Cache Creek are widespread or limited to only a f~~ 
drainages and whether they are in the normal range 
of conditions or have been magnified as a result of 
fire suppression or other factors. 

+ OVERALL PROGRESS 

Various collections and measurements were 
made in October 1988, August 1989, 1990, 1991, 
and 1992 at 18 bum and 4 reference sites and in 
March 1989 at 12 of the bum and 1 of the reference 
sites under support from the National Science 
Foundation and the U.S. Fish and Wildlife Service. 
Most of the study sites are on high gradient 
"mountain trout streams" located in the northern 
portion of Yellowstone National Park and receive 
substantial runoff from snowmelt. However, Fairy 
and 3rd order Iron Springs Creeks, in the Old 
Faithful area, are low gradient and receive large 
inputs from groundwater, including geothermal 
sources. Complete results prior to the 1991 sampling 
period can be found in the 1991 annual report 
(Minshall et al. 1992). With a few minor exceptions 
(e.g., the recording thermometers at a few sites were 
broken or missing) all the information specified in the 
research proposal was obtained. Adverse weather 
conditions or "bear closures" prevented the 
assessment of all 22 sites in March 1989. 

Most of the physical and all of the chemical 
determinations of the data have been completed 
through the tabulation and initial statistical or 
graphical analyses, except for the time-consuming 
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assessment of woody debris densities from field 
drawn maps. The processing of all periphyton 
samples (chlorophyll!, AFDM, andB/C ratio's) will 
be completed by the end of November 1992. All 
transported organic matter (TOM) samples for 1992 
have been processed for AFDM determinations and 
qualitatively characterized for type of organic matter. 
These data are summarized graphically in this report. 
As usual, the processing of benthic macro
invertebrate samples (110 samples for 1992) and 
associated benthic organic matter (BOM) is only 
partially complete at this time. The processing of 
these samples is time consuming, averaging 5 hours 
per sample. 

+ RESULTS AND DISCUSSION 

PHYSICAL AND CHEMICAL RELATIONSHIPS 

Channel cross-sections: Some of the most 
substantial changes in stream channel morphology 
observed during this study occurred in 1992. For 
example, the 1st order sites of Cache and Twin 
Creeks displayed major changes in channel cross
sections for 1992. Although, low gradient 1st order 
streams, e.g., Fairy Creek and the reference site 
Rose Creek, again ·showed essentially no change in 
channel cross-section shape in 1992. 

For 2nd order streams, major channel 
changes, again, were documented in Upper Cache 
Creek. The debris dam that formed downstream of 
the representative transect in Blacktail Deer Creek in 
1991 was retained in 1992 and maintained flow in the 
new side-channel. No channel cross-section changes 
were observed for low gradient 2nd order Fairy and 
Iron Springs Creeks or the reference. Amphitheater 
Creek. 

Major channel cross-section changes 
occurred in 3rd order Cache Creek, and especially in 
south Fork Cache Creek. Many large woody debris 
dams were eliminated from South Fork Cache Creek. 
Third Order Cache Creek experienced more channel 
widening and the main channel continued to shift 
from the left side of the stream to the right side. 
Again, little change was observed in low gradient 3rd 
order streams, i.e., Iron Springs Creek and the 
reference Pebble Creek in 1992. Lava Creek also 
displayed little cross-section change due to its highly 
confined channel. Compared to the smaller streams, 
4th order sites displayed little channel change in 

1992. Of 4th order sites, Hellroaring Creek showed 
the greatest channel change. 

Temperature: Minimum stream temperatures 
remained essentially unchanged at all burn and 
reference sites. These data suggest that the fires had 
no effect on low temperatures. However, our 
measurements do not provide information on the 
duration of the cold period, which might be expected 
to increase with the removal of protective tree cover. 
Maximum stream temperatures in small burn streams 
have remained elevated relative to small reference 
streams through 1992. Larger streams (3rd and 4th 
order) impacted by the 1988 fires have displayed 
similar temperature regimes as large reference 
streams. The higher temperatures in small bum 
streams resulted in greater annual temperature ranges 
(Delta-T) for these streams relative to reference 

,. .,. ... -
streams. 

Percent embeddedness: Mean embeddedness 
of large su}>strates by sand and silt decreased in 1st 
order bum streams from about 60% in 1988 to about 
30% in 1989 then increased slightly to about 50% by 
1992. Little change was observed in 2nd order bum 
streams among years. Mean embeddedness doubled 
in 1989 from 1988 values for 3rd order bum streams 
then decreased to 1988 values in 1990, and increased 
again in 1991 and 1992. Embeddedness remained 
unchanged in 4th order bum sites until 1990 then 
increased dramatically in 1991 and decreased in 
1992. No change in mean· embeddedness was 
observed among years in 2nd order reference 
streams. Third order reference streams showed much 
temporal variation in embeddedness. These data 
suggest a pulse of fine sediments moved from smaller 
bum streams into and out of larger bum streams over 
time. 

Substrata: A decrease in mean substrate size 
over time indicates input of fine sediments within a 
study reach. Mean substrate size either decreased or 
remained unchanged in bum streams following 1988 
(Table 1). No changes were observed in mean 
substrate size for 2nd and 3rd order reference 
streams. In general, substrate CV (Coefficient of 
Variation) was much higher in bum streams than 
reference streams during the study period. Substrate 
CV remained unchanged, but relatively high, in 
smaller bum sites among years (Table 1). Substrate 
CV tended to be lower in larger bum streams and 
reference streams. 
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Table 1. Mean velocities, depths, and substrate x-axis with respective coefficients of variation (CV) for the Yellowstone 
National Park fire Study Sites. Sample size equals 100 except for dates with asterisk. 

velocity cv depth cv x-axis cv 
Stream Order Date (m/S) velocity (em) depth (em) x-axis 

Blacktail, E. Fork 11/88 0.15 1.88 15.2 0.67 18.0 1.20 
8!89 0.26 0.89 11.9 0.66 13.7 1.51 
8!90 0.31 0.73 NA NA 9.1 1.43 
8/91 0.37 12.5 8.2 . 0.96 
8!92 0.20 1.12 11.3 0.62 4.9 1.39 

Blacktail, ~- Fork 11/88 0.17 1.16 13.0 0.65 12.6 1.45 
8!89 0.16 0.83 14.4 0.59 14.2 1.18 
8!90 0.19 0.95 NA NA 15.5 1.15 
8/91 0.18 18.3 14.0 1.24 
8!92 0.08 0.79 18.2 0.59 18.8 1.02 

Upper Cache 11/88 0.04 1.02 6.2 0.64 10.7 1.36 
8!89 0.15 0.88 3.8 0.68 5.5 1.90 ,,... .... , 

1~ 

8!90 0.12 0.74 NA NA 5.5 1.42 
8/91 0.12 5.4 6.4 2.49 
8!92 0.18 1.03 9.2 0.48 8.1 1.07 

Fairy 11/88 0.25 0.57 21.4 0.55 0.8 2.11 
8!89 0.29 0.46 22.6 0.41 1.2 1.63 
8!90 0.53 0.49 NA NA 1.1 0.98 
8/91 0.28 27.7 0.7 1.13 
8!92 0.17 0.68 25.9 0.33 0.9 2.16 

Twin 11/88 0.11 1.83 12.1 o.n 21.5 1.03 
8!89 0.21 1.44 15.6 0.66 18.8 0.72 
8/90 0.39 0.95 NA NA 20.5 1.13 
8/91 0.08 12.9 20.8 1.04 
8!92 0.12 1.35 16.1 0.65 14.4 1.21 

lower Cache 2 11/88*(86) 0.18 1.46 11.3 0.57 18.1 1.05 
8!89 0.33 0.84 18.4 0.63 16.5 1.26 
8!90 0.33 0.83 NA NA 16.2 1.29 
8/91 0.25 9.4 9.7 1.37 
8!92 0.20 0.97 9.5 0.46 10.4 1.20 

Upper Cache 2 11/88 0.11 1.59 9.1 0.61 10.8 0.89 
8!89 0.16 o.n 8.9 0.66 8.1 1.59 
8!90 0.23 0.81 NA NA 7.6 1.00 
8/91 0.18 9.1 7.2 1.30 
8!92 0.27 1.02 10.7 0.47 8.5 0.97 

Fairy 2 11/88 0.07 0.56 7.2 0.67 8.7 2.09 
8/89*(50) 0.21 0.64 7.3 0.36 6.5 0.64 
8!90 0.25 0.37 NA NA 8.3 0.75 
8/91 0.27 25.6 0.5 2.59 
8!92 0.10 0.78 24.2 0.46 0.9 1.56 

Iron Springs 2 11/88 0.22 0.81 16.0 0.52 0.9 2.03 
8/89*(50) 0.26 0.78 22.6 0.46 0.6 1.n 
8!90 0.24 0. 71 NA NA 0.9 1.47 
8/91 0.10 13.1 5.1 1.35 
8!92 0.28 1.15 12.4 0.47 5.9 2.04 

Blacktail Main 2 11/88 0.39 1.11 10.4 0.58 11.5 0.88 
8/89*(64) 0.37 0.72 12.6 0.72 5.0 0.74 
8!90 0.40 o.n NA NA 7.3 0.99 
8/91 0.34 21.1 15.6 1.01 
8!92 0. 16 1.14 17.2 0.59 16.1 0.97 
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Table 1. (cont.) 

velocity cv depth cv x-axis cv 
Stream Order Date (m/S) velocity (em) depth (em) x-axis 

Cache 3 11!88 0.14 0.88 18.4 0.70 16.4 1.25 
8/89 0.29 0.85 21.3 0.66 13.1 0.84 
8/90 0.11 0.51 NA NA 19.6 0.70 
8/91 0.86 15.9 13.3 0.81 
8/92 0.12 1.11 21.4 0.58 7.7 0.93 

Hell roaring 3 11/88 0.12 1.17 14.3 0.59 15.2 0.77 
8!89 0.37 0.74 21.2 0.41 12.4 0.92 
8/90 0.41 1.05 NA NA 14.4 1.03 
8/91 0.18 14.8 21.5 0.95 
8/92 0.30 0.96 17.2 0.51 19.0 0.97 

Iron Springs 3 11/88 0.48 0.44 26.3 0.40 11.7 2.92 
8/89*(50) 0.67 0.45 29.3 0.30 9.8 2.44 
8/90 0.37 0.47 NA NA 5.5 2.29 
8/91 0.10 29.1 3.4 0.85 
8/92 0.25 0.73 24.2 0.16 4.3 0.92 

South Cache 3 11/88 0.13 1.21 14.9 0.46 10.1 0.57 """--"' 
?t 

8/89 0.22 0.89 16.8 0.51 13.5 0.81 
8!90 0.37 0.70 NA NA 20.1 1.07 
8/91 0.30 14.1 21.2 1.14 
8/92 0.30 0.71 17.1 0.47 16.0 0.86 

Lava 3 11/88 0.44 0.60 21.0 0.50 57.2 1.25 
8/89 0.64 0.62 25.2 0.40 16.7 0.92 
8/90 0.46 0.55 NA NA 11.6 0.95 
8/91 0.16 26.2 17.6 1.01 
8/92 0.28 0.91 22.2 0.57 14.5 1.14 

Cache 4 11/88 0.21 0.80 10.9 0.39 14.0 0.50 
8!89 0.23 0.62 19.9 0.41 15.7 0.77 
8/?0 0.35 0.54 NA NA 16.9 0.75 
8/91 0.25 18.6 18.9 1.03 
8/92 0.20 0.90 22.6 0.43 17.9 0.76 

Hell roaring 4 11/88 0.10 1.40 17.2 0.83 13.5 0.69 
8!89 0.32 0.68 23.8 0.58 12.5 2.36 
8/90 0.36 0.72 NA NA 12.8 0.80 
8/91 0.27 16.8 14.1 0.71 
8/92 0.25 0.84 19.2 0.61 10.1 0.70 

Lamar 4 8!88* 0.21 0.92 30.4 0.39 16.0 0.72 
8!89 0.23 0.80 34.3 0.49 21.9 0.73 
8/90 0.36 0.60 NA NA 20.2 1.03 
8/91 0.10 32.2 24.2 0.80 
8!92 0.32 0.81 35.7 0.37 22.4 0.68 

AnPt i the.ater 2 11/88 0.29 0.78 10.4 0.66 16.4 1.28 
8!89 0.27 0.82 15.0 0.78 15.4 1.10 
8/90 0.32 0.87 NA NA 20.6 0.77 
8/91 0.29 11.7 15.4 1.08 
8!92 0.31 0.96 15.8 0.40 16.2 0.96 

Rose 2 11/Ba 0.14 1.36 9.2 0.51 11.7 0.91 
8/89 0.17 0.85 10.6 0.51 11.4 0.78 
8/90 0.27 0.89 NA NA 15.0 1.16 
8/91 0.22 9.6 14.4 1.24 
8/92 0.26 0.92 12.2 0.55 10.8 1.09 

Pebble 3 11!88*(50) 0.19 0.87 16.9 0.49 20.0 1.01 
8/89 0.38 0.84 18.1 0.54 22.4 0.87 
8/90 0.40 0.73 NA NA 21.3 1.07 
8/91 0.37 14.6 21.9 1.10 
8/92 0.34 0.72 21.9 0.50 11.8 1.22 

Soda Butte 4 11/88 NA NA NA NA NA NA 
8/89 0.39 0.63 29.3 0.41 9.0 0.72 
8/90 0.47 0.32 NA NA 11.1 0.55 
8/91 0.12 27.8 28.6 0.75 
8/92 0.23 1.05 40.6 0.48 17.1 1.12 

* n=34 for velocity, n=99 for other measures 



Velocity: Changes in velocity reflect changes 
in channel morphology and complexity, and flow 
dynamics. Mean velocities in 1992 were similar to 
1991 values in most bum and reference streams 
(Table 1). In contrast, the coefficient of variation 
(CV) for velocity increased between years in 1st and 
2nd order bum streams suggesting less uniform 
habitat conditions in 1992, while remaining 
unchanged in reference streams of comparable size. 
The CV for velocity remained unchanged or 
increased in 1992 in 3rd order burn sites, and 
remained unchanged in 3rd order reference sites. 
Mean velocities were similar in 1992 to 1991 values 
in 4th order bum sites (Table 1). Here, the CV of 
velocity increased slightly from 1991 to 1992. The 
4th order reference site was moved further upstream 
in 1991. Although little change was observed in 
1992 in mean velocities at this site, the CV of 
velocity increased reflecting the more diverse habitat 
conditions at the new location. 

Depth: Changes in channel depth reflect 
erosion or filling of stream channels by fine 
sediments with corresponding changes in CV 
reflecting the diversity or complexity of channel 
habitats. Little change was observed in mean depth 
or CV of depth f~r bum streams among years (Table 
1). No changes in mean depth or depth CV were 
observed in 2nd imd 3rd order reference streams. 
Mean depth increased in the 4th order reference site 
reflecting the change in channel location. 

Water chemistry: Water grab-samples were 
collected each year during the time of benthic 
sampling. Field measured pH values essentially 
remained unchanged between 1991 and 1992 for most 
sites. Third order Cache and SF Cache Creeks 
decreased in pH in 1992 from 1991 values. The 
other 3rd order bum sites displayed no change in pH. 
Values for pH remained relatively constant for 
reference sites. 

Specific conductance decreased from 1988 to 
1990 in most 1st and 2nd order bum sites, typically 
by O.Sx, followed by slight increases in 1991 and 
1992. The main exceptions were those streams 
receiving large inputs of groundwater. For example, 
Fairy and Iron Springs Creeks displayed the least 
amount of change among years for 1st and 2nd order 
bum sites. Second order Fairy Creek displayed 
values 4-6x higher than 1st order Fairy Creek due to 
geothermal inputs. First and 2nd order sites 
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displayed higher among stream variation in contrast 
to 3rd and 4th order bum sites. Third and 4th order 
bum sites displayed little change among years. 
Reference sites displayed similar patterns as bum 
sites, although little change was found in 
Amphitheater Creek among years. 

Total hardness was much more variable in 
smaller 1st and 2nd order bum sites than in 3rd and 
4th order bum sites. However, no temporal trends in 
hardness were observed in bum sites. Indeed, more 
temporal variation was observed in Rose and Soda 

. Butte reference sites than in burn sites. 

Total alkalinity decreased continuously in 1st 
order Twin and Lamar River and decreased slightly 
in Upper and Lower 2nd order Cache Creeks 
following 1988. However, little change was evident 
for most bum sites regardless of size. Alkalllity 
either increased in 1992 or remained unchanged 
among years in reference streams. 

Ortho-phosphate levels indicated several 
trends among bum streams, while no change was 
evident in reference sites for 1992. No change 
among years was evident for Fairy, Iron Springs, and 
Lava Creeks. Ortho-phosphate levels increased in 
most other bum sites in 1989 from 1988 values then 
subsequently decreased and stabilized in 1990 through 
1992. As with the other water parameters, the most 
variation among sites occurred in 1st and 2nd order 
bum sites, with 3rd and 4th order bum sites 
exhibiting similar values. 

Ammonium values showed little difference 
among years at many of the bum sites, although 
values increased in 1991 and remained elevated in 
1992 for most smaller bum sites. First order bum 
sites, 2nd order Blacktail Deer Creek, and Iron 
Springs Creek exhibited the least change among 
years. Some bum sites exhibited increases in 1990, 
while increases in ammonium levels did not occur 
until1991 and decreased in 1992 in reference sites. 

In contrast to ammonium values, nitrate 
values tended to increase in most bum sites by 1989 
and remain high through 1992. Nitrate levels were 
consistently low in the reference sites among years. 
As with the other chemical variables, little change 
was observed in nitrate levels among years for Fairy 
and Iron Springs Creeks. Most change was observed 
for the Cache Creek sites. 
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BIOLOGICAL RELATIONSHIPS 

Transported organic matter: Transported 
organic matter was sampled and quantified in two 
size categories: Coarse (CPOM) and Fine (FPOM) 
particulate organic matter. This material also was 
characterized qualitatively with the percent charcoal 
data presented in this report. CPOM levels increased 
in all bum sites in 1991 from previous years, and 
remained unchanged in 1992 (Figure 1). CPOM 
levels also were higher in 1992 in reference sites 
resulting from a high amount of filamentous algae. 
As with CPOM values, FPOM values dramatically 
increased in bum streams in 1991 and 1992 (Figure 
1). FPOM values also increased in reference streams 
in 1992. The higher values in 1991 over previous 
years for both CPOM and FPOM may be attributed 
to higher overall flows and respective flow events. 
The percent CPOM consisting of charcoal decreased 
substantially in 1992 in the bum streams (Figure 2). 
The percent charcoal remained low in reference 
streams. The percent charcoal of FPOM also 
decreased in 1992 in bum streams and remained low 
in reference streams. 

WORK TO BE PERFORMED DURING 
REMAINING REPORTING PERIOD 

As noted above, most of the benthic 
macroinvertebrate and associated organic matter 
samples still need to be processed. These samples 
are expected to be completed by the end of January 
1993. In addition, analyses of woody debris densities 
and mapping should be completed at that time. Work 
also will be continued on statistical and graphical 
analysis of the data. 

• LITERATURE CITED 

Minshall, G. W., J. T. Brock, and J. D. Varley. 
1989. Wildfires and Yellowstone's stream 
ecosystems: a temporal perspective shows 
that aquatic recovery parallels forest 
succession. BioScience 39:707-715. 

Minshall, G. W., and C. T. Robinson. 1992. 
Effects of the 1988 wildfires on stream 
systems of Yellowstone National Park, 
1991. Annual Report to the National Park 
Service. 48 p. 



,..-..__ 0.32 
Cr') 

s 0.28 
~ 0.24 

Q() 
""'--"' 0.20 
~ 0.16 
0 

0.12 ~ 
u 0.08 .. 
~ 0.04 0 
~ 0.00 

,..-..__ 
0.35 Cr') --

s 
~ 0.28 _,_ 

0.0 
""'--"' 

~ 
0.21 -I-

0 
0-. 0.14 -I-

~ .. 
~ 0.07 -t-

0 
~ 

0.00 ---.d 
] 

...... 

20 30 

BURN 
SITES 

~ 

D -
~ 

D -

-

n - r -
20 30 40 

REFERENCE 
SITES 

197 

1988 

1989 

1990 

1991 

1992 

., .... 1 

~ t 

Figure 1. Transported organic matter (g/m3
) as coarse (CPOM) or fine (FPOM) particulate organic matter in bum 

and reference streams. Bars represent + 1 SD. Sample size equals five sites (2 samples/site/category) for 1st, 2nd, 
and 3rd order bum streams, 3 sites for 4th order bum, 2 sites for 2nd order reference, and 1 site each for 3rd and 
4th order reference streams. 
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+ INTRODUCTION 

To determine the character and extent of 
possible changes in the chemistry of non-thermal 
ground waters in Yellowstone National Park that may 
have occurred as a r~ult of the 1988 forest fires, a 
two-year ·program of sampling and analysis was 
begun in August, 1989. Samples from ground.-water 
wells for which pre-fire chemical data could be 
obtained were selected for this study. 

The influx of ground water into surface waters 
(as baseflow) presents a possible pathway for ash
derived components to impact surface waters in the 
Park. Data from a recent study of a silicic, non
carbonate aquifer system suggest even small amounts 
of ground water can significantly affect the chemical 
balance of dilute lake waters (Kenoyer and Bowser 
1992a, 1992b). Because of the dilute nature of non
thermal waters in the Park and the unknown effects 
that the fire may have had on the solute content of 
the ground water, this study was commissioned by 
the National Park Service (NPS) to examine possible 
fire-induced changes in the chemistry of shallow 
ground-waters in the Park. Results of this study may 
allow the NPS to anticipate any future impact upon 
the chemistry of surface waters in Yellowstone, in 
addition to identifying any deleterious effects of the 
fire on quality of non-thermal ground water in the 
Park. 

Due to the geochemical, biological and 

hydrological processes that modify infiltrating 
precipitation, it was anticipated that the impact of the 
forest fires on the chemistry of ground-water would 
be of lesser magnitude than the chemical and physical 
effects of fire on surface waters in the Park. 
Samples of soil water and ground water were 
collected and analyzed to evaluate the impact of the 
fires on the shallow, non~thermal ground waters in 
the Park. For detailed study sites and methodology 
see Runnells and Siders (1992). 

+ RESEARCH OBJECTIVES 

The main goal of this study was to define the 
chemistry, transport, and fate of dissolved 
components entering the ground water as a result of 
the forest fires of 1988. Specific tasks performed to 
achieve this objective include: 

(1) Determination of chemical and physical 
properties of the ground water by means of 
geochemical analyses performed in the field and 
in the laboratory. 

(2) Sampling and chemical analyses of soil water 
(i.e. water from the unsaturated zone). 

(3) Leaching of ash and soil samples and chenlical 
analysis of the aqueous extracts and comparison 
of the chemistry of leachate to that of ground 
water and soil water. 
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(4) Comparison of the analytical results for the 
post-bum ground waters with the pre-fire data 
for samples collected from the same wells. 

(S) Assessment of the transport and fate of ash
derived solubles and interpretation of possible 
water-rock interactions controlling the chemical 
composition of ground water, as determined by 
computer modeling of the analytical data. This 
analysis includes the use of several different 
geochemical modeling programs (W ATEQB, 
Arikan 1988; PHREEQE, Parkhurst et al. 
1980; MINTEQA2 v. 3.11, U.S. 
Environmental Protection Agency 1991; and 
NETPATH, Plummer et al. 1991). 

CONDITIONS OF THE STUDY 

Although the average annual precipitation is 
only about 38 to 76 em throughout most of the park, 
the cool climate allows for abundant vegetation due 
to the lower rates of evapotranspiration. The years 
of 1987 and 1988 proved to be exceptionally dry, 
however, with snowpacks running less than SO 
percent of normal. The combination of these 
deficient snowpacks and a long-term drought in the 
greater Yellowstone area resulted in extremely low 
moisture contents of trees and other vegetation, and 
set the stage for a summer of fires that ultimately 
burned 45 times more acreage in the Park than in any 
other recorded year (National Geographic 1988). 
The forest fires of 1988, which affected nearly one 
million acres within Yellowstone National Park, have 
been described as " ... the greatest ecological event in 
the history of the national parks ... " (11/88, 
Yellowstone Today). The fires burned with variable 
intensities, forming a patchy mosaic of charred 
acreage contained within the burn perimeters. 

The ecological effects of forest fires, as well as 
the periodicity and history of fires in Yellowstone, 
have been studied by a number of researchers. 
Romme and Despain (1989: 17) summarized the 
results of their own research as well as those of 
others; they stated, in reference to the 1988 fires, that 
"These extremely large fires were primarily the result 
of extremely warm, dry and windy weather, 
coinciding with an extensive cover of highly 
flammable forests that had developed since the last 
extensive fires in the early 1700's." 

HYPOTHESES TO BE TESTED 

There are several possible scenarios describing 
the behavior of the forest-fire ash leachate, including: 
(1) the leachate reached the water table during the 
first period of ground-water recharge following the 
fires (i.e. during the summer of 1989) and was 
missed by this study, (2) the leachate was attenuated 
by dilution upon impact with the ground water, (3) 
the solutes were removed by sorption and/or 
precipitation as the leachate passed downward 
through the regolith, ( 4) the leachate has not yet 
reached the water table due to retardation of the 
solute ions as they interact with the substrate, and 
may still impact the ground-water chemistry, (5) the 
ash leachate never developed in the natural setting or 
never infiltrated (i.e. was removed in surface runoff). 

Although none of these proposed events can be 
tested directly, data can be used to support or 
discount the likelihood of each scenario. A bromide 
tracer test was conducted in an effort to determine the 
amount of time necessary for snowmelt to reach the 
water table, thereby providing an estimation of the 
probable rate of downward migration of the ash 
leachate and indirect testing of the possible scenarios. 

The null hypotheses tested in this study include: 
(1) large-scale forest fires do not change the 
chemistry of ground water, even in areas of dilute 
waters such as Yellowstone National Park, and, (2) 
chemistry of ground water does not change as a 
function of forest fire intensity. 

DISCUSSION AND INTERPRETATION 

The results of statistical and graphical analysis 
of the geochemical data, plus the results of 
geochemical computer modeling, indicate that the 
chemistry of non-thermal ground waters in 
Yellowstone has not been adversely affected by the 
1988 forest fires. There is no evidence that the 
overall chemistry of the ground waters sampled for 
this investigation has changed due to factors directly 
attributable to the forest fires, however, there are 
indications of subtly changes in the behavior of some 
chemical and physical parameters. 

The Biological Factor 

Because biological activity plays a critical role 
in regulating the behavior and transport of water and 



major ions, an ecosystem that has had all vegetation 
removed by intense burning may experience marked 
changes in the flux of water and major ions (Fahey 
and Knight 1986). Following the removal of forest 
vegetation, whether by logging or fire, there is a 
•reorganization phase• during which there is a loss of 
biotic regulation of the hydrologic and 
biogeochemical components of the ecosystem 
(Borman and Likens 1979). Other researchers have 
concluded that leaf area index (LAI) is a critical 
factor in nutrient retention in the snow-dominated 
lodge pole pine ecosystem, and that losses of limiting 
nutrients may occur after disturbances such as forest 
fire (Knight et al. 1985). 

Nutrients •available• to plants are generally 
considered to be those ions that are dissolved in the 
soil water phase (Bidwell1974). That is, only those 
nutrients present as solutes are available to plants, so 
experimental water-extraction of a soil (or ash) 
sample in the laboratory should indeed provide a 
measure of nutrient availability. 

Nutrients in the ash are released and mobilized 
by precipitation, and it seems reasonable to expect 
that the less reactive and more ~obile components of 
the dissolved salts (eg. S04 and C1) would be the 
first to show up in the ground water. However, none 
of the post-fire samples of ground water from the 
Grant Village site (severely burned) contained higher 
concentrations of either S04 or C1; in fact, many 
post-fire samples actually had lower concentrations of 
these ions than did the pre-fire samples though not all 
at statistically significant levels. 

Statistical Analysis and Significant Differences 

Attempts to determine the statistical significance 
of differences between the pre-fire and post-fire data 
using the Student's t-tested led (erroneously) to the 
conclusion that there were many significant changes 
in the chemistry of the ground waters. However, 
there were no recognizable or interpretable patterns 
to these •differences, • so a more rigorous and 
suitable statistical test was applied to the data. 

Two-way ANOV A permits the determination of 
whether the variation between groups is larger than 
the variation within groups, by treating each group as 
a whole rather than as a collection of pairs. In doing 
so, results of the two-way ANOV A tests clearly 
indicate that the null hypothesis is sustained; that is, 
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that the post-fire chemistry of ground water at the 
most severely burned site (Grant Village) is not 
significantly different from the pre-fire chemistry, 
when examining the site as a whole. There are, 
however, some significant differences when the 
statistical data for individual wells are studied 

At the Grant Village site, three of the five wells 
sampled showed statistically significant differences 
for as many as four dependent variables. These 
variables include: Ca, K, C1, S04, and depth to 
water table, in wells GV-1, GV-6, and GV-lOa. 
However, many of these differences resulted from a 
decrease in solute concentration (S04, Cl, K, Ca); 
exactly the opposite of what would be expected if, in 
fact, ash leachates impacted the chemistry of the 
ground water. In addition, the water table dropped 
in a number of wells, but only to a significant ex~nt 
in two wells from the Grant Village site (GV-6 18nd 
GV -lOa). One possible explanation for both of these 
observations is that reduced infiltration of 
precipitation - resulting in decreased recharge of the 
ground water - was due to the increased 
hydrophobicity of the burned soils. 

Wildfires can cause increased hydrophobicity of 
soils due to the volatilization of soil organic matter by 
heating. The volatilized soil organics penetrate 
through soil pore space in a gaseous state and 
resolidify within the soil profile where temperatures 
are lower. The result is that soil particles are coated 
with a water-repellant organic layer that impedes 
infiltration of moisture into the soil profile. The 
formation of hydrophobic layers also causes increased 
runoff and a higher erosion potential (see DeBano et 
al. 1970 and 1976). 

It is possible that the formation of a 
hydrophobic layer at the severely-burned Grant 
Village site contributed to the removal of ash and ash 
leachates in surface runoff, as well as to decreased 
ground-water recharge. The results of the statistical 
analysis would support such a scenario. 

Lysimeters: Tracking the Ash-Derived Solutes 

Because of the coarse texture of the soils (sand 
to sandy loam}, we expected a fairly rapid downward 
migration of infiltrating solutions (ash leachate and 
snowmelt). Accordingly, lysimeters were installed at 
depths of 15, 30, 60, and 90 em. Although analytical 
results gave some indication of a •solute maximum • 
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at the 30 to 60 em depths, only a longer-term 
sampling program would provide sufficient data to 
draw more definitive conclusions about the presence 
(or absence) of a migrating solute front. The present 
results are inconclusive. 

Bromide Tracer Test: Determining the Rate of 
Unsaturated Flow 

In an effort to determine the amount of time 
necessary for infiltrating solutions to reach the water 
table, a solution of saturated KBr was released onto 
the ground surface at two of the four sites of ground
water sampling. Because the bromide ion behaves 
conservatively, it approximates the travel time of the 
solution and offers a minimum time for solute 
transport. 

Unfortunately for this study, no bromide was 
recovered from ground-water samples collected 
throughout the summer and fall following the release 
of the KBr solution in June, 1991. This negative 
result strongly suggests that the rate of water 
movement in the unsaturated zone is no more than a 
few meters per year. Such a flow rate also suggests 
that infiltrating ash leachates have probably not yet 
reached the water table at many locations. 

Collection of weekly grab samples for at least 
a year to two after the release of KBr solution during 
the period of snowmelt would probably be required 
to establish a breakthrough curve for the bromide, 
and provide an approximation of vertical flow rates 
in the unsaturated zone. 

Mixing or Mineral Weathering? 

To evaluate what the maximum possible impact 
of the mixing of ash and snowmelt might be 
(assuming no addition of solutes to the Snowmelt 
other than those derived from ash leachate), simple 
calculations were performed to determine the mixing 
ratio of snowmelt ash leachate that would be required 
to produce the concentrations of ions measured in 
samples of post-fire ground water from Grant 
Village. Results of these calculations suggest that a 
mixing ratio of> 99.4 percent snowmelt with< 0.6 
percent leachate would be required to give the SO 4 

concentrations observed in the post-fire samples. For 
Cl, the required amount of snowmelt ranges from 
97.3 to 99.1 percent of the total mixture, whereas Na 
requires only 61 to 83 percent of snowmelt mixed 

with 39 to 17 percent ash leachate. The proportion 
of snowmelt required to produce the concentration of 
dissolved Si02 measured in samples of ground water 
ranges from 74.0 to 91.3 percent mixed with 26.0 to 
8. 7 percent ash leachate. Clearly, there is no one 
mixture that can account for the concentrations of all 
components in the ground water. 

In contrast to the mixing calculations above, 
models generated by NETP A TH require only small 
amounts of ash leachate (less than one percent) in 
addition to dissolution/precipitation reactions. 
However, NETPATH could only model those 
components for which there was a realistic mineral 
phase. Because of this limitation, C1 and N03 were 
not included in the NETPATH models; only Ca, Mg, 
K, Na, C, S, A1, and Si were modeled. 

~.l: 

The apparent discrepancy between the hand 
calculations and the NETP ATH models can be 
attributed to the possibility that some components 
have another source (other than ash leachate, 
snowmelt, or weathering of the specified minerals) 
that has not been included in the calculations. In the 
case of N03, mineralization by soil bacteria 
contribute to inorganic nitrate in solution, thereby 
minimizing the usefulness of N03 as a constraining 
variable in the calculations. Other sources, such as 
the indirect C1 input from thermal waters or minor 
amounts of C1 substitution in soil minerals like 
apatite, could also be responsible for the disparity. 
Chloride, which occurs in high concentrations in 
thermal waters (White et al. 1988), behaves 
conservatively and could travel farther than trace 
metals, which tend to be removed along the flow path 
by sorption or other physical processes. The 
occurrence of thermally-derived trace metals in the 
water samples would therefore indicate a more direct 
input of thermal waters mixing with the non-thermal, 
highly dilute ground waters examined for this study. 

Because different mixing percentages are 
required to describe the concentrations of each solute 
in the ground water, it becomes apparent that simple 
mixing of different solutions (i.e. a percentage of 
pure snowmelt plus a percentage of ash leachate) 
cannot create a solution approximating the chemical 
composition measured in samples of post-fire ground 
water. Other sources of solutes or other processes 
are required to produce (simultaneously) the 
particular range of concentrations measured for all 
dissolved inorganic species. 



Mass-balance (NETP A TH) modeling indicated 
that mineral weathering (dissolution/precipitation 
reactions) by water of snowmelt composition can 
describe the transition in solute content from that of 
snowmelt to that of the ground water, without the 
necessity of mixing in any percentage of ash leachate 
(not considering chloride, which was not included in 
NETPATH modeling). The modeling, however, does 
not rule out the possibility of a combination of 
weathering and mixing (snow+ ash) to produce the 
chemistry observed for the post-fire ground waters. 

Overall, the results of mass-balance modeling 
indicate that weathering of a reasonable selection of 
minerals, added to snowmelt, can produce the 
observed ground-water compositions; with or without 
the addition of ash leachate. Therefore, the 
chemistry of the post-fire ground waters at the 
severely burned Grant Village site can be attributed 
to mineral weathering alone, or to a combination of 
mineral weathering and minor mixing of solutions, 
but not to mixing alone. The data, however, do not 
rule out the possibility that the leachates formed 
during wetting of the ash were subsequently diluted 
by mixing with additional snowmelt and by mixing 
with the dilute ground waters, or that the ash 
leachates were removed by surface runoff. In 
addition, the solute behavior seen in ground water at 
the severely burned site may be due to complete, 
though temporary, removal of the biotic component 
from the system, thereby altering the cycling of 
nutrients in this highly oligotrophic ecosystem. 

+ SUMMARY 

It appears that in the lodgepole pine forests of 
Yellowstone National Park, large-scale forest fires do 
not radically alter the chemistry of shallow ground 
waters. The short-term gain in nutrients supplies 
from the weathering of the ash was apparently used 
quickly by vegetative regeneration in areas where soil 
heating was minimal, and in such areas the released 
nutrients probably never moved much beyond the 
rooting zone. In areas that experienced a high degree 
of soil heating, such that all seeds and shallow roots 
were killed, revegetation depends upon windblown 
seeds and plants have been slow to be reestablished. 
Such areas may experience a net loss of some 
nutrients from the root zone, but high concentrations 
of these nutrients do not appear to impact the ground 
water. The solute behavior seen in ground water at 
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the severely burned site may be due to complete, 
though temporary, removal of the biotic component 
from the system, thereby altering the cycling of 
nutrients in this relatively infertile ecosystem. 

Results of this study suggest that most of the 
soluble components in the ash were probably 
removed by surface runoff, rather_ than infiltrating 
directly into the ground waters. Increased 
hydrophobicity of the soils - a documented effect of 
forest fires - could have caused an increase in surface 
runoff, while decreasing the amount of infiltration 
and the accompanying ground-water recharge. The 
data presented here are consistent with such a 
scenario. However, infiltration of the leachates, 
combined with a low rate of flow through the 
unsaturated zone (i.e., leachates have not yet reach~ 
the water table), cannot be completely ruled out. ·~ 

RECOMMENDATIONS FOR FUTURE STUDY 

This study has determined the identity and 
quantity of water-soluble components contained in the 
forest-fire ash. In addition, likely scenarios for the 
transport and fate of the ash-derived solubles have 
been proposed. However, there are still a number of 
unknown items that could be the focus of future 
studies. 

A systematic mass-balance study of burned and 
non-burned watersheds would provide additional 
details about the response of the lodgepole pine forest 
to forest fires. Such a study should include 
continuous analysis of rain and snow chemistry 
throughout the year. However, this amount of detail 
would require a ·daily to weekly sampling of 
precipitation, as well as some method of determining 
the amount of runoff, infiltration, and evaporation of 
this precipitation. In particular, more lysimeters and 
more bromide-tracer tests would be extremely useful 
in defining the rate of flow in the unsaturated zone. 
The study should be initiated immediately after a 
forest fire. Such a comprehensive investigation also 
points to the need for reliable baseline data; the 
importance of such data cannot be overstated. 

A detailed characterization of soil mineralogy 
could provide additional data for the refinement of 
geochemical computer modeling. Collection of soils 
and soil parent-material from a deep profile, 
preferable extending to a depth below the water table, 
would be useful for verifying the mineralogy used in 
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modeling for the current study. 

The high concentrations ofN03 measured in the 
soil solution of a severely-burned site (Grant Village) 
are thought to result from a dramatic increase in the 
activity of nitrifying bacteria under post-fire 
conditions. It may be possible to test this by 
determining the isotopic composition of the N03 in 
solution. Microorganisms are known to fractionate 
C-isotopes, and can also fractionate ••N and 15N, 
thereby leaving an isotopic signature for biologically
fractionated nitrogen (Hem 1985). 

Statistically significant changes in the chemistry 
of ground waters at the Fishing Bridge site are the 
result of impact from sewage effluent and are not 
related to the forest fires. However, this indication 
of impact on the ground-water chemistry by effluent 
from the sewage-treatment plant at the Fishing Bridge 
site may warrant further investigation. The degree of 
impact could be ascertained by sampling the adjacent 
surface waters in the Yellowstone River and 
measuring C1 concentrations and conductivity, then 
comparing the results of these measurements with 
background values measured at an upstream locality. 
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INTRODUCTION 

The scale of the 1988 fires in Yellowstone 
National Park (YNP) raised numerous questions for 
the management of natural areas subject to large, 
infrequent disturbances. An important management 
issue in YNP involves the interaction of large-scale 
fire with the large assemblage of native ungulates and 
vegetation dynamics in the landscape. We used 
landscape modeling and field studies to address basic 
questions about the effects of fire scale and 
heterogeneity on resource utilization and survival of 
free-ranging elk (Cervus elaphus) and bison (Bison 
bison), and the production and regeneration of 
preferred forage grasses and aspen in northern 
Yellowstone Park. More specifically, we asked (1) 
how fire size interacts with winter severity to control 
ungulate feeding behavior and survival, both in the 
initial postfire winter, when fire reduces forage, and 
in later postfire winters, when fire augments forage; 
(2) how fire pattern (e.g., clumped vs. dispersed bum 
sites) modifies the effects of fire size; (3) which 
environmental factors, including fire, influence 
selection of feeding areas by wintering ungulates at a 
variety of scales, from a single feeding station to the 
entire northern winter range; and (4) how the size 
and spatial pattern of burning influence regeneration 
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of aspen (Populus tremuloides), a preferred and 
heavily browsed species in YNP. 

We focus on elk and bison because these are 
by far the most numerous ungulates in the area 
(Houston 1982), and we have chosen to examine 
winter grazing and browsing for several reasons. 
Winter range conditions are the primary determinant 
of ungulate survival and reproduction in Yellowstone, 
and winter utilization of the vegetation by ungulates 
appears to be intense in some areas. Ungulates make 
distinct foraging choices in the winter as in the rest of 
the year, and bum patterns may influence those 
choices in ways that we represent as hypotheses 
described later. In addition, the activities of animals 
can be readily monitored in the winter, and the exact 
locations of feeding and bedding sites can be 
determined. Travel routes are easily monitored, and 
the ability to sight animals is high; therefore, group 
locations and sizes can be readily determined. 

This research complements ongoing studies 
in Yellowstone by expanding the spatial scale at 
which plant-herbivore dynamics are considered and 
by explicitly addressing the effects of spatial 
heterogeneity. We produced a spatially explicit 
simulation model of the winter range that predicts 



plant and ungulate dynamics under varying fire sizes, 
fire patterns, winter weather scenarios. The model 
and field studies will generate quantitative 
comparisons of the effects of large and small fires on 
ungulate sUIVival and will thereby permit the 
simulation of the effects of alternative fire 
management scenarios. 

• STUDY AREA 

Yellowstone National (YNP) was established 
in 1872 and encompasses 9000 km2 in the northwest 
comer of Wyoming and adjacent parts of Montana 
and Idaho. Elevations in the Park range from 1,500 
to more than 3,000 m, and much of the area is 
covered by Quaternary volcanic deposits that 
underwent at least three extensive glaciations 
(Houston 1982). General descriptions can be found 
for park geology (Keefer 1972); and for 
physiography, soils and vegetation (Meagher 1973; 
Barmore 1980; Houston 1982; Despain 1991). The 
climate of YNP is characterized by long, cold winters 
and short, cool summers (Diaz 1979; Dirks and 
Martner 1982). Our study focused on the northern 
20% of the park which is primarily a lower-elevation 
grassland or sagebrush steppe. The northern 
Yellowstone elk and bison migrate seasonally 
between a high-elevation summer range and this 
lower-elevation winter range (Craighead et al. 1972; 
Barmore 1980; Houston 1982). 

The northern range extends about 80 km 
down the Lamar, Yellowstone, and Gardner River 
drainages (Houston 1982). Approximately 83% of 
the winter range for elk is included within YNP 
(Houston 1982), comprising nearly 80,000 ha, and 
has a warmer, drier climate than the rest of the Park 
(Diaz 1979; Dirks and Martner 1982). We focused 
solely on the winter range within the Park 
boundaries. Most of the soils derive from glacial till 
deposited during the Pinedale glaciation (Houston 
1982) and tend to be higher in silt, clay and organic 
matter than soils derived from rhyolite, the parent 
rock of most of YNP (Despain 1991). The drier 
grasslands are dominated by big sagebrush (Artemisia 
tridentata), bluebunch wheatgrass (Agropyron 
spicatum) and Idaho fescue (Festuca idaohensis). 
Wet sites are dominated by bearded wheatgrass 
(Agropyron caninum), sedges (Carex spp.) and 
introduced graminoids such as Kentucky bluegrass 
(Poa pratensis). More continuous forest occurs at 
high elevations and on north slopes (see detailed 
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descriptions in Houston 1982 and Despain 1991). At 
lower elevations, the sagebrush-grasslands are 
interspersed with coniferous forest, primarily Douglas 
fir (Pseudotsuga menziesi1), and lodgepole pine 
(Pinus contorta var. latifolia Engelm.); aspen groves 
(Populus tremuloides); and riparian willow 
communities. 

Natural fires have influenced plant 
succession on the winter range for a long time 
(Houston 1973). Tree-ring evidence suggests that 
eight to ten extensive fires occurred in the area 
during the last 300-400 years, but no large fires have 
occurred previously in this century (Houston 1973). 
Approximately 34% of the winter range burned 
during the 1988 fires, including 22% of the 
grasslands (Despain et al. 1989). The vegetation has 
been dynamic during the past century (Houston 
1982). Forest cover has increased, mostly on north 
slopes, and forests have recolonized burned ~' 
although aspen appears to have declined from 4-6% 
to 2-3% of the winter range. Sagebrush increased in 
extent on many slopes and exposures. Willows and 
associated riparian vegetation have shown a net 
decrease. The production of herbaceous vegetation 
on the northern range shows substantial annual 
fluctuations resulting from varied growing conditions, 
primarily precipitation (Houston 1982; Merrill et al. 
1988). 

+ DISCUSSION 

The spatial scale at which ungulates make 
foraging choices in the winter is not well known. In 
our study of micro-scale heterogeneity in forage 
production and foraging behavior, we established 
sampling areas across the northern range to compare 
the spatial pattern of biomass distribution within a 
forage patch with the spatial pattern of feeding station 
(i.e., individual feeding "crater" in the snow) 
locations within a forage patch. During the winter of 
1988-89, feeding stations were mapped on an x/y 
grid in eight 30 m x 30 m sites and their locations 
compared with the Poisson distribution. In four of 
the eight sites, feeding station distributions were no 
different from Poisson. In the four sites where they 
were different, stations were slightly aggregated 
(Morisita's Index) in three sites and uniform in the 
remaining site. These four sites were characterized 
by having large areas devoid of vegetation. 

To determine whether the feeding station 
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distributions represented an underlying pattern in 
biomass distributions, six 30 m x 30 m sampling 
grids were established across the northern range in 
1990. Biomass was sampled every two meters within 
these grids, and no autocorrelation was found when 
the distribution was analyzed using geostatistics. We 
simulated the amount of forage that would be 
obtained from the grids by alternative ungulate 
grazing patterns including randomly selected points, 
an actual pattern of feeding station locations as 
previously mapped, and a "smart" pattern in which 
the 30 highest biomass points were sampled. 
Ungulates that were grazing using either the random 
or actual pattern would not procure significantly 
different amounts of biomass at any sites. Only the 
"smart" pattern yielded significantly more biomass. 
This indicates that ungulate grazing choices in the 
winter is at the site scale ( ~ 30 m) and not at the 
scale of the individual feeding station. This does not 
meet current theoretical expectations of hierarchical 
grazing choices. 

Our study of landscape-level habitat use 
focused on ungulate grazing intensity at a broader 
scale and explored the effect of fire and habitat 
heterogeneity on winter foraging. Grazing was 
monitored at 15 study sites for 14 weeks during the 
winter of 1990-91. The location and intensity of 
grazing activity within each site was recorded on 
topographic maps and digitized into a geographic 
information system. Maps of grazing intensity were 
compared to map layers of grassland habitat type, 
elevation, slope, aspect, annual precipitation, and the 
spatial pattern of fires that occurred in 1988. 
Analyses were conducted at scales of an individual 
map cell (1 ha) and an individual study area (131-
1144 ha). Elevation, precipitation, and grassland 
type were found to be highly correlated. Steep slopes 
also were positively correlated with southerly aspects. 

The spatial extent of grazing . activity 
increased in mid-winter then declined in late winter. 
Except for a preference for burned areas, ungulates 
were not selective in early winter, using habitats as 
defined by grassland type and topography according 
to their availability. During mid-to late winter, 
ungulates were more selective; grazing activity was 
greatest in areas that were burned and located at 
lower elevations with steep, south-facing slopes. At 
the scale of a study site, the spatial pattern of burning 
(clumped vs. dispersed) was not correlated with 
grazing intensity. 

Our detailed study of aspen stand dynamics 
revealed that most of the extant tree-sized aspen on 
the winter range became established in the late 
1800's. Aspen clones are persisting through root 
sprouting, but few tree-sized stems have regenerated 
during the 20th century, in part because of heavy 
winter browsing of sprouts by elk. It has been 
hypothesized that the extensive fires in the past 
periodically stimulated abundant browse and forage 
production across a large portion of the landscape, 
thereby permitting some aspen sprouts to escape 
browsing long enough to regenerate tree-sized stands. 
We tested this hypothesis following the 1988 fires by 
sampling sprout density and browsing intensity in six 
burned aspen stands, in six unburned stands located 
close to the fires, and in six "remote" unburned 
stands located 2 to 4 km from the fires. Sprout 
densities in the spring and fall of 1990 and 1991 were 
significantly greater in the burned stands than in the 
unburned stands. Protein analysis of aspen :sprouts 
sampled in the autumn. of 1990 indicate that sprouts 
from burned stands contain slightly more protein (-
7%) than sprouts · from tinbumed stands (- 6% ). 
However, there were no significant differences in 
browsing intensity; all stands were heavily browsed 
in both winters and lightly browsed in the summers. 
We conclude that the fires of 1988 probably will not 
lead to substantial regeneration of tree-sized aspen 
stands on the northern range. Aspen tree 
regeneration apparently was episodic even before the 
Park was established in 1872. The episode of tree 
regeneration in the late 1800's apparently resulted not 
just from extensive fires, but from a combination of 
factors, including altered elk foraging behavior in the 
presence of wolves, lower elk numbers, and cooler, 
wetter climatic conditions. This combination of 
conditions has not occurred again since 1990. 

The field studies addressed the influence of 
the 1988 fire patterns and generally were limited to 
the 1990-91 winter. It is possible that the effect of 
fire on ungulates depends on set of interacting 
factors, including fire size, fire pattern, and winter 
conditions. A factorial experiment in which these 
factors are varied systematically across a landscape is 
logistically impossible. The 1988 fires offer valuable 
insight into ungulate responses to broad-scale 
disturbances, but even such natural experiments do 
not encompass a wide range of conditions. 
Consequently, models linking the responses of 
ungulates to environmental heterogeneity are needed. 



Our first step in model development was to 
explore alternative simulation algorithms by using a 
relatively small landscape and known conditions. 
Ungulate winter grazing was simulated on simple 
random and actual landscape patterns using an 
individual-based modeling approach to explore the 
effect of landscape heterogeneity on foraging 
dynamics. The landscape was represented as a 100 
x 100 grid with each cell considered to either be a 
resource or nonresource site. Random maps were 
generated by specifying the proportion, p, of the 
landscape occupied by resource sites. Actual 
landscape maps were obtained from the spatial 
arrangement of sagebrush-grassland habitats in 
subsections of northern Yellowstone National Park, 
Wyoming. Each resource site was assigned an initial 
forage abundance, and a specified number of 
ungulates were distributed randomly across the 
landscape on resource sites. Three alternative search
and-movement rules, which incorporated different 
movement scales and assumptions about ungulates' 
knowledge of the landscape, were compared. 
Grazing was simulated as a recipient-determined 
donor-controlled flow with a nonlinear feedback. 
Daily energy balances were computed for each 
ungulate by subtracting energy cost from energy gain, 
and ungulates were assumed to die when they reached 
70% of their lean body weight. 

Simulation results with this initial model 
suggested that when resources were abundant across 
the landscape (i.e. high p), the search-and-movement 
rule selected to simulate foraging was not important. 
That is, a variety of strategies should suffice under 
high-resource conditions, and there was no benefit to 
having a more efficient rule. However, when 
resources were scarce (e.g. low p or high ungulate 
densities), then the ability to discern resource 
abundances and to move over greater distances 
resulted in lower mortality. For a given p, the 
difference between a fragmented (i.e., random) and 
aggregated (i.e., real) arrangement of resource sites 
was only pronounced when the ability of the animals 
to move was very limited. In these situations, 
survival was always greater in the real landscapes. 
Individual-based spatial models developed for specific 
landscapes and species could be quite valuable in 
enhancing our understanding of landscape dynamics 
and large herbivores. 

The full Northern Yellowstone Park 
(NOYELP) model is a spatially explicit individual
based simulation model developed to explore the 
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effects of fire scale and pattern on the winter foraging 
dynamics and survival of free-ranging elk ( Cervus 
elaphus) and bison (Bison bison) in northern 
Yellowstone National Park. The NOYELP model 
simulates the search, movement, and foraging 
activities of individuals or small groups of elk and 
bison. The 77,020 ha landscape is represented as a 
gridded irregular polygon with a spatial resolution of 
1 ha. Forage intake is a function of an animal's 
initial body weight, the absolute amount of forage 
available on a site, and the depth and density of 
snow. When the energy expenditures of an animal 
exceed the energy gained during a day, the animal's 
endogenous reserves are reduced to offset the 
deficits. Simulations are conducted with a 1-day time 
step for a duration of 180 days, approximately 
November 1 through the end of April. Simulated elk 
survival for three winters (1987-88; 1988-89; 1990-
91) agreed with observed data. . .. _, 
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A factorial simulation experiment was 
conducted to explore the effects on ungulate survival 
of fire size, fire pattern, and winter severity during 
an initial postfire winter (when no forage is available 
in burned areas) and a later postfire winter (when 
forage is enhanced in burned areas). Initial ungulate 
population sizes were held constant at 18,000 elk and 
600 bison. Winter severity played a dominant role in 
ungulate survival. When winter conditions were 
extremely mild, even fires that affected 60% of the 
landscape had no effect on ungulate survival during 
the initial postfire winter. The effects of fire on 
ungulate survival become important when winter 
conditions were normal to severe, and effects were 
apparent in both the initial and later postfire winters. 
The spatial patterning of fire influenced ungulate 
survival if fires covered small to moderate 
proportions of the landscape (e. g., 15% or 30%) and 
if winter snow conditions were moderate to severe. 
Ungulate survival was higher with a clumped than 
with a fragmented fire pattern, suggesting that a 
single, large fire is not equivalent to a group of 
smaller disconnected fires. The interaction between 
fire scale and spatial pattern suggests that knowledge 
of fire size alone is not always sufficient to predict 
ungulate survival. 

The simulation model is written in standard 
FORTRAN, contains 14 subroutines and the main 
program, and runs in a workstation environment 
(e.g., Sun Spare II and DEC 5000 workstations). 
The source code includes the ability to generate 
graphical output in real time during the simulations. 



210 

A procedure written in the C language provides a 
bridge for passing the output matrix to PV -WAVE 
(Precision Visuals' Workstation Visualization 
Environment), which provides real-time display of 
landscape changes, ungulate movement, and snow 
and resource distributions. The visualization includes 
both maps and graphs, and the user selects the output 
to display for any given simulation. For example, 
the following data can be displayed for each of the 
six ungulate categories: (1) mean forage consumed 
per ungulate; (2) mean daily energy gain, cost and 
balance; (3) number of animals surviving; ( 4) number 
of ungulates moving daily; and (5) mean daily 
moving distance. In addition, one can view graphs of 
landscape characteristics such as the number of 
resource patches, average patch size, largest patch 
size, and total available forage for elk and bison. 

Several general conclusions regarding the 
effects of fire on the ungulates and vegetation of 
northern YNP emerge from our studies. First, it is 
important to specify the scale at which we pose our 
questions. For example, ungulates forage randomly 
at fine scales ( < 1 ha) wherever forage is available, 
but habitat selection is apparent at intermediate scales 
(ca. 1 km~ and at the scale of the entire winter range 
(800 km~. Scale also is important with regard to fire 
size and the effects of fire pattern. With very large 
fires (> 60% of the winteL-range), fire pattern has 
little effect on ungulate survival. With fires of 
intermediate size, however, ungulate survival is 
higher with a clumped than with a fragmented fire 
pattern, suggesting that a single, large fire is not 
equivalent to a group of smaller disconnected fires. 
Secondly, there are other important variables in 
northern YNP that may completely overshadow 
effects of fire under certain circumstances. The 
single most powerful factor controlling ungulate 
foraging and survival is snow depth and density. 
Additional variables also may overshadow fire 
effects, e.g., uniformly heavy browsing of aspen 
sprouts after 1988 that appears to be preventing tree 
regeneration, regardless of fire-stimulated increases 
in sprout density. Third, frre interacts strongly with 
other controlling variables in northern YNP. For 
example, elk can endure either a severe winter 
without fire or a large fire followed by a mild winter; 
however, the combination of a large fire and a severe 
winter leads to very low survival. Therefore, 
predictions of ungulate or plant dynamics based on 
only one factor are unlikely to be accurate. 
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- POSTGLACIAL FIRE FREQUENCY AND ITS 
RELATION TO LONG-TERM VEGETATIONAL 

AND CLIMATIC CHANGES IN YELLOWSTONE PARK 

• 
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UNIVERSITY OF OREGON + EUGENE 

t OBJECTIVES 

. The primary research objective has been to 
study the vegetational history of Yellowstone and its 
sensitivity to changes in climate and fire frequency. 
To establish a sequence of vegetational changes, a 
network of pollen records spanning the last 14,000 
years has been studied from different types of 
vegetation within the Park. The relationship between 
modem pollen rain, modem vegetation and present
day climate in the northern Rocky Mountains has 
been the basis for interpreting past vegetation and 
climate from the fossil records. Changes in fire 
regime during the past 14,000 years have been 
inferred from sedimentary charcoal and other fire 
proxy in lake sedime~ts. Calibration of the fire 
signal is based on a study that measures the input of 
charcoal into lakes following the 1988 fires in 
Yellowstone. 

The research project has been divided into 
four parts: 

1. A study of the modem charcoal 
accumulation into lake sediments. At 
regular time intervals, we are collecting 
surface sediments from different water 
depths in lakes that lie both within the 1988 
burned region and at varying distances from 
the bum. We are relating charcoal 
abundance in these samples to basin size, 
water depth, and fire size and proximity. 

2. 

3. 

4. 

An analysis of fire events during th~--past ca. 
500 years. We are examining charcoal 
abundance, pollen composition, and 
paleomagnetic characteristics at closely 
spaced intervals in meter-long sediment 
cores to determine if the stratigraphic 
evidence of fire correlates well with the fire 
chronology based on dendrological studies 
(Romme 1992, unpublished data). 

An analysis of fire history from a lake with 
annually laminated (varved) sediments. To 
reconstruct fire history on an annual time 
scale and to extend the fire chronology 
beyond the limits of Lead-210 dating, we 
are studying a 600-year varved record from 
Crevice Lake in the Northern Range. 

An analysis of vegetational history and fire 
frequency of the last 14,000 years. Our 
current research focuses on the vegetational 
and fire history of the Central Plateau and 
southern Yellowstone region, the Bechler 
region, and the Northern Range. 

t METHODS 

Detailed methodology for this research has 
been described in Millspaugh (1991) and Whitlock 
(1990), and only tasks accomplished since May 1992 
are described. 



CHARCOAL ACCUMULATION FROM THE 1988 
FIRES 

Surface sediment samples have been taken 
from burned and unburned sites biannually since 
1989. In August, we collected a suite of samples 
from Duck, Goose, Cascade, Grizzly, Dryad, and 
Sylvan lakes, and Lake of the Woods. 

FIRE HISTORY OF THE LAST CA. 500 YEARS 

One-m-long cores were obtained from Cub 
Creek Pond and Slough Creek Pond in August and 
subsamples were taken at 1-cm intervals. Charcoal 
abundance and magnetic susceptibility were analyzed 
in short cores from Grizzly, Goose, and Cygnet 
lakes. 

FIRE HISTORY FROM A VARVED-LAKE 
RECORD 

A frozen-sediment core from Crevice Lake 
has been photographed and the laminations have been 
counted. Analysis of the charcoal from this core 
follows the thin-section method of Clark (1988). To 
learn these techniques, Sarah Millspaugh went to the 
Limnological Research Center, University of 
Minnesota. The procedure involves replacing the 
water in the core with acetone and then epoxy to 
harden the sediments; cutting slices of the hardened 
core along transverse surfaces; and grinding these 
slices into thin sections so that they can be mounted 
on glass slides for microscopic analysis. Our first 
efforts to impregnate the Crevice Lake core in epoxy 
were unsuccessful. In September, we modified the 
procedure and achieved good results. In the next 6 
months, the rest of the core will be prepared by the 
epoxy method, and slabs will be sent to a commercial 
lab to be thin-sectioned and mounted on petrographic 
slides. 

POSTGLACIAL VEGETATIONAL AND FIRE 
HISTORY 

Long cores were collected from Robinson 
Lake in the Bechler region and Cub Creek Pond in 
the Yellowstone Lake drainage. Pollen analysis of a 
core from Loon Lake in the Bechler region is nearly 
completed. Charcoal and magnetic susceptibility 
analyses of cores taken from Cygnet Pond in 1991 
are also underway. 
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• RESULTS 

The results of this research appear in several 
recent and forthcoming issues of Ecological 
Monographs (Whitlock, 1993); Ecology (Millspaugh 
and Whitlock, in review); Quaternary Research 
(Whitlock and Bartlein, 1993); Journal of 
Paleolimnology (Engstrom and others, 1991); and 
Proceedings of the National Park Service (Whitlock, 
in press; Millspaugh, in press). The findings have 
been discussed in book chapters (Whitlock and 
others, 1991; Thompson and others 1993), and they 
have been the basis for two M.S. theses (Sherrod, 
1989; Millspaugh, 1991), and a Ph.D. dissertation 
(Millspaugh, to be completed in 1994). In addition, 
papers have been presented at national meetings of 
the Ecological Society of America, the Association of 
American Geographers, and the Geological Societj.'_of 
America and at the International -Palynology 
Conference (e.g., Millspaugh and Whitlock 
Barnosky, 1990; Whitlock and Bartlein, 1991). 
Some specific results of the last six months are 
discussed below: 

CHARCOAL ACCUMULATION FROM THE 1988 
FIRES 

Charcoal profiles for Duck, Goose, Cascade, 
and Grizzly lakes for March 1992 are shown in 
Figure 1. Charcoal particles between 125 and 250 
microns have proven to be a reliable indicator of 
local catchment fire. Charcoal quantities have 
increased in the sediments of burned lakes and 
unburned lakes between 1989 and 1992. The initial 
source of charcoal was airborne fall-out during the 
fire, and this is still the primary component in 
unburned watersheds. Lakes with burned catchments 
have received additional charcoal from two sources: 
(1) slopewash processes and (2) sediment focusing of 
material from shallow water to deep water. It is 
probable that quantities of charcoal from these 
secondary sources will continue to increase as 
charcoal is introduced from burned slopes and moved 
from shallow to deep water. 

Paleoecologists generally collect cores in 
deep water at the center of the lake. Thus, 
information on the lag between a fire and its 
registration as a charcoal peak in deep-water 
sediments is of critical importance in paleoecologic 
studies. The type of vegetation that burned, as well as 
the characteristics of the lake catchment and 
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Figure 1. Charocoal abundance in the surface sediments in March 1992. At each site, samples were collected along 
a transect from shallow to deep water. 



bathymetry seem to be significant in determining the 
amount of charcoal in deep-water sediments. As an 
example, Goose Lake lies in a low-gradient 
catchment that was covered by open Pinus contorta 
forest and 95% burned by ground fire in 1988. 
Despite the size of the catchment fire, Goose Lake 
contains the lowest amount of sedimentary charcoal 
of any of the burned sites. We think that the type of 
forest produced little charcoal (see Renkin and 
Despain 1991) and that the low gradient of the 
catchment has limited the amount of charcoal to the 
site through secondary processes. 

In contrast, the catchment of Duck Lake 
supported fores~ of Picea, 4bies, and Pinus contorta 
and a dense shrub understory. About 60% of the 
catchment burned in 1988 as a mixed canopy/ground 
fire. The amount of charcoal in lake sediments was 
higher than-other sites in 1989 and charcoal quantities . 
in deep-water sediments have increased ·since 1988. 
Our data suggest that the burning of this forest 
produce4 abundant charcoal and that steep slopes and 
bathymetry have allowed charcoal tO be introduced to 
the system through erosion and sediment focusing. 

At present, quantities of charcoal in deep
water sediments are not above the level of 
significance that would indicate a local fire event at 
either Goose or Duck lakes. We hypothesis that 
charcoal abundance in the sediments will continue to 
increase in burned lakes in the next few years and 
that charcoal evidence of a fire event in 1988 will be 
more obvious in the future. 

FIRE HISTORY OF THE LAST CA. 500 YEARS 

Charcoal and magnetic susceptibility have 
been analyzed in lead-210-dated short cores from 
Duck, Mallard, and Dryad lakes (Millspaugh and 
Whitlock, in review). Stratigraphic levels that 
feature abundant charcoal and high values of 
magnetic susceptibility are interpreted as times of 
local catchment fire accompanied by significant 
erosion. Duck, Mallard, and Dryad lakes all record 
major fires between ca. 1690-1750, a period that was 
also identified in the fire chronology developed by 
Romme and Despain (1989) from dendrologic 
records. Fire events occurred on a 40-60 year 
frequency from ca. 1500 to ca. 1750, but they have 
been relatively rare since that time. 
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Charcoal and magnetic susceptibility 
measurements from Grizzly Lake, Goose Lake, and 
Cygnet Lake have been completed, and samples for 
lead-210 dating have been submitted. The profiles 
show changes in charcoal and clastic material that 
record past fires and erosion at each site (Figure 2). 
All the sites record the 1988 fire and a fire at ca. 30-
35 em depth in the core, which we think dates to ca. 
1700. The preliminary data suggest changes in the 
longer fire recurrence interval in the last century. 

Pollen percentages associated with historic 
fire events at Duck Lake show· noticeable variations 
in the abundance of conifer pollen and total herb 
pollen~ The increase in total herb pollen associated 
with fire events may reflect an increase in herbaceous _ 
taxa that rapidly colonize a burned area. The 
fluctuations in coniferous pollen probably reflect;Ihe , .. 
burning of late-succe$Sional spruce, fir~ - and pine 
forests. -

A FIRE HISTORY FROM VARVED SEDIMENTS 

High resolution photographs have been taken 
of the Crevice Lake core, and ca. 600 varves layers 
have been counted. This core is being subsampled 
for charcoal; no results are available at this time. 

STUDY OF POSTGLACIAL VEGETATION AND 
FIRE HISTORY 

As part of a study of the vegetation and 
climate history of the Bechler region, a 12.3 m core 
from Loon Lake (Targhee National Forest) was 
collected in the summer 1991. Pollen analysis of the 
core suggests that Populus tremuloides and 
Hapoxylon-type Pinus have been components of the 
vegetation throughout the Holocene. The bottommost 
sediments at the site contain abundant Picea and herb 
pollen, which suggests a period of spruce parkland 
vegetation. Comparison with other radiocarbon-dated 
records in Yellowstone indicates that the Loon Lake 
core spans the last ca. 11,000 years. Radiocarbon 
dates will be submitted this fall. 

A 6.5 m core was taken from the floating 
mat at Robinson Lake to study the history of the 
wetland endemics there. At the base of the core was 
Mazama ash, suggesting that the site is ca. 7000 
years old. Further cores will be collected next 
summer. 
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Charcoal and pollen from Cygnet Lake are 
under study to provide a detailed 14,000-year 
recordof fire history and vegetational change from the 
Central Plateau. No results are available at this time. 
Cores collected from Cub Creek Pond are currently 
being subsampled for pollen analysis. This site will 
provide a detailed environmental reconstruction for 
NPS archeological investigations along the shores of 
Yellowstone Lake. , 

PROBLEMS ENCOUNTERED DURING PROJECf 

We assumed that charcoal would be well 
recorded in lake sediments in the first months after 
the 1988 fires. This assumption has proven false; 
charcoal amounts have been gradually increasing in 
lake surface sediments during the last four years, and 
there is every reason to think the trend will continue 
in the future. Because the rate of charcoal 
accumulation is slower than we anticipated, we plan 
to sample the sites once a year rather than biannually 
as originally proposed. 

Charcoal analysis of the Crevice Lake has 
been more complicated and costly than anticipated. 
Now that we have mastered the epoxy impregnation 
technique, we should be able to make more progress. 

FUTURE WORK IN THE CONTRACf YEAR 

Charcoal samples collected in 1992 will be 
analyzed from all the study sites. Short cores from 
Grizzly, Goose, and Cygnet lakes will be lead-210 
dated. The varve record from Crevice Lake will be 
subsampled and analyzed for charcoal. Pollen 
analysis on Loon Lake will be completed. Pollen and 
charcoal analysis will be initiated on the long cores 
collected at Cygnet Lake and Cub Creek Pond. 
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PROBLEM DESCRIPTION, PROJECT 
OBJECTIVES, AND SUMMARY OF 

PREVIOUS PROGRESS 

+ THE PROBLEM 

Velvet ash (Fraxinus velutina) in Zion 
Canyon have declined in vigor, and some are dying. 
This species is aesthetically and ecologically 
important in the canyon, because it is one of only 
three tree species that commonly grow to large size 
on the canyon floor. Ash yellows (AshY), a disease 
caused by unnamed mycoplasmalike organisms 
(MLOs), is common in velvet ash in Zion Canyon 
and was suspected to contribute to the decline of this 
species. This project deals with the ecology and 
epidemiology of ash yellows and possibilities for 
managing velvet ash in Zion National Park. 

• RESEARCH OBJECTIVES 

1. Determine the extent of damage to the ash 

2. 

species in Zion Park, and map the 
distribution of ash yellows in the park. 

Learn whether or not the MLOs in ash in 
Zion Park are closely related to those 
associated with ash yellows in Nevada and 
New York. 

3. Determine the means and rate of spread of 
ash yellows and the rate at which the 
epidemic-is progressing within the currently 
affected area. 

4. Assess the possibilities for managing the 
disease. 

SUMMARY OF FIRST 2 YEAR'S PROGRESS 
(MAY 1990-APRIL 1992) 

For Objective 1. A survey along highways 
in and near Zion Park revealed that velvet ash is 
concentrated in Zion and North Creek canyons in the 
upper Virgin River watershed. Many trees of this 
species in Zion Canyon display dieback. Severe, 



222 

repeated defoliation by insects (mainly loopers), 
affecting not only ash but also boxelder and ~remont 
cottonwood, was judged to be the principal cause of 
dieback. Foliar damage to velvet ash by plant bugs 
(Tropidosteptes pacijicus) and a lacebug (Leptyphyia 
sp.) was also prominent. Mature trees of all three 
species on deep sandy soils . were apparently also 
stressed by water shortage. 

The role of MLOs in decline of velvet ash 
was studied by means of diagnostic observations and 
radial growth measurements. Of 328 velvet ash in all 
vigor classes, sampled on 19 sites in Zion Canyon 
and tested for MLO infection by means of the DAPI 
fluorescence test, 32% were found to be infected. 
Incidence of infection was similar (25-35%) in all 
health classes of ash larger than 6 em dbh. Incidence 
of infection in saplings ( < 6 em dbh) was greater in 
those with dieback than in those without dieback 
( 44% vs. 26% ). Data from increment cores indicated 
slower growth of velvet ash infected by MLOs than 
of noninfected trees in 1980-1989, although the 
difference lacked significance at the 95% confidence 
level. The preliminary conclusion was that MLOs 
play a secondary role in ash decline in Zion Canyon, 
probably by adding an increment of stress to that 
induced by insects. 

Four percent of 71 trees sampled in North 
Creek Canyon were found to be infected with MLOs. 
The remoteness of the sites where AshY was detected 
in North Creek Canyon indicated that overland spread 
of the causal agent, presumably by insect vectors, has 
occurred. 

MLOs were not detected in singleleaf ash (F. 
anomala). 

For Objeetive 2. Preliminary evidence was 
obtained that the MLOs in velvet ash in Zion Canyon 
are related to MLOs associated with ash yellows in 
the East. DNA from one MLO-infected velvet ash 
(out of 16 from which DNA extracts were obtained) 
hybridized with each of four AshY -specific DNA 
probes derived from a New York strain of AshY 
MLO. Low MLO titer in velvet ash, as indicated by 
observations of DAPI-treated phloem, is the 
presumed reason for failure to detect AshY MLOs in 
most dot hybridizations with either AshY -specific 
probes or others that detect MLOs nonspecifically. 

MLOs were transmitted from velvet ash to 
a white ash seedling by grafting in one out of 15 
attempts. The diseased seedling ceased growth, 
wilted, and died -- a response previously observed in 
some white ash seedlings inoculated with New York 
strains of AshY MLOs. 

For Objective 3. Insects, probably 
leafhoppers, are presumed to transmit AshY MLOs. 
Leafhoppers of approximately 30 taxa were .caught in 
small numbers on yellow sticky traps, removed from 
the traps, and sorted as the first phase of work to 
detect and identify insect vectors of AshY. 

Possible alternative plant hosts of AshY 
MLOs were sought on 10 sites in Zion Canyon. 
Plants that were stunted or had witches'-brooms or 
other symptoms resembling those commonly induced 
by MLOs were selected for diagnostic 
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l esting. 
MLOs were detected in only two plants, one of hairy 
golden aster (Chrysopsis villosa) and one of 
rabbitbrush ( Chrysothamnus nauseosus), out of 30 
tested. The relationship of the MLOs in hairy golden 
aster and rabbitbrush to those in ash was not 
determined. The lack of common detection of MLOs 
in plants other than velvet ash permits the tentative 
interpretation that the MLOs causing AshY in Zion 
Canyon do not have alternative host plants in the 
canyon. 

For Objective 4. Experiments began for 
evaluation of kinetin solutions for chemotherapy of 
MLO-infected ash and other plants. Preliminary data 
gave no promise of beneficial effect. 

ACTIVmES DURING THE PERIOD OF REPORT 

Project personnel visited Zion Park in May 
and August to continue disease surveys, resample 
trees on observation plots, perform diagnostic 
observations, collect plant specimens for diagnostic 
procedures that would be performed in the 
laboratory, collect more increment cores for study of 
ash growth as related to disease, and collect more 
insects for study of their possible role as vectors of 
ash yellows. Growth measurements on increment 
cores were performed in the laboratory of co
investigator Treshow at Salt Lake City. Other 
procedures were performed in Sinclair's laboratory at 
Ithaca. 



SURVEY FOR ASH DECLINE AND ASHY IN 
ZION NATIONAL PARK 

ASHY IN PARUNUWEAP ~D NORTH CREEK 
CANYONS. 

In August 1992, the survey was extended to 
Parunuweap Canyon (east fork of Virgin River), in · 
which a velvet ash population was brought to our 
attention by NPS . personnel. It was of interest to 
learn whether or not MLOs occur in velvet ash there, 
and if so, whether the frequency of infection is 
similar to that detected in Zion Canyon or North 
Creek Canyon. Roots of 70 velvet ash along a 5-km 
stretch of the· River, beginning at the west boundary 
of the park, were sampled for MLO detection by 
means of the DAPI procedure. Symptoms of decline 
(dieback of branches) were infrequent in saplings but 
were observed in many larger trees among those 
sampled. As of this writing, MLOs have been 
detected in three of 43 specimens processed. Thus, 
the proportion infected is much lower than that in 
Zion Canyon, as is also true for trees sampled in 
North Creek Canyon. 

Trees sampled for diagnosis in 1991 in 
~orth Creek Canyon were resampled in 1992. Half 
the samples have been processed; no change in 
frequency of MLO detection from 1991 to 1992 is 
indicated. 

Occurrence of AshY in all three canyons 
indicates overland spread of the causal MLOs by 
wind-borne vectors, since Parunuweap Canyon and 
the part of North Creek Canyon within the park are 
undeveloped and the velvet ash population is 
discontinuous. Presence of AshY in all three canyons 
is consistent with the hypothesis that AshY MLOs are 
indigenous to the Zion Park area. 

INCREASE OF ASHY IN ZION CANYON 

Information about the rate at which new 
MLO infections are occurring in Zio~ Canyon is 
obtained by annwllly retesting saplings and larger 
trees that were first sampled and scored negative in 
DAPI tests of 1990-1991. In May, 1992, we 
resampled all available numbered trees and saplings 
within Zion Canyon that had been tested previously. 
MLOs were detected in 48% of 184 treesL 6 em dbh 
and 39% of 93 saplings. The over-all proportion of 
trees and saplings in which MLOs were detected at 
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least once in 1990-1992 was 49.7% of 368 plants. 
Thus, the proportion of trees in which MLOs were 
detected increased approximately 12% between 1990 
and 1992. This increase probably resulted in part 
from disease increase, but it may also reflect 
increasingly accurate diagnosis because of repeated 
sampling (see next paragraph). 

SEASONAL AND ANNUAL CONSISTENCY OF 
MLO DETECTION BY THE DAPI TEST 

Because detection of MLOs in velvet ash is 
often difficult due to low titer, and because the 
proportion of sampled trees in which MLOs were 
detected in May 1991 (28%) was lower than that in 
1990 (38%), we speculated that seasonal or annual 
population fluctuations or discontinuous MLO 
distribution within trees may affect the results gf 
DAPI tests. Accordingly, in late May 1992 we 
resampled 86 velvet ash that had previously been 
scored positive in DAPI tests. The time of sampling 
was chosen to allow seasonal buildup of MLO 
populations from assumed winter lows. The 
proportion of these trees scored negative for MLOs 
in 1992 could be used to derive the frequency of false 
negative diagnoses that might occur in any year. 
This proportion was 39%, which corresponded to 
12.2% of the overall sample of 277 trees tested in 
1992. This incidence of false negative diagnoses is 
more than twice the rate detected in comparable work 
with white ash in the East. Valid conservative 
estimates of disease increase are still possible, 
however, because only positive test data are utilized 
in the calculations. 

RADIAL GROWTH OF VELVET ASH IN 
RELATION TO MLO INFECTION 

Increment cores previol:ISlY collected from 
106 trees for which DAPI scores were also available 
were . reexamined. Trees that averaged· < 1 mm 
radial growth per year during the 1980s were deleted 
from the sample, because these trees were considered 
to be growing too slowly for possible growth 
differences between MLO-infected and noninfected 
trees to be detectable. Annual radial growth in 1970-
1989 was analyzed for 38 infected and 19 noninfected 
trees that grew at least 1.0 em in 1980-89. No 
significant difference between these groups in annual 
mean growth was detected. Both groups displayed 
steadily declining growth rates (Figure 1). The lack 
of relationship between MLO infection and growth 
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Figure 1. Annual mean radial growth of MLO
infected (solid lines) vs noninfected (hatched 
lines) velvet ash. Data represent 
measureinents on two increment cores from 
each of 38 infected and 19 noninfected trees. 

rate contradicted a preliminary finding of 23 % 
slowergrowth ofMLO~infected than noninfected trees 
during the 1980s (SinClair et al. 1992b). Changing 
diagnoses caused the discrepancy_. Initial diagnoses 
were made in 1990-91. When the "noninfected" trees 
were retested with DAPI in 1992, several were 
reclassified as infected. Thereafter, no growth 
impact of MLO infection was detected. Among the 
several explanations available for lack of detectable 
growth impact of MLOs in velvet ash, we favor the 
following. Velvet ash in Zion National Park may be 
tolerant of AshY MLOs, or MLOs may be present in 
many sampled trees in which they were not detected 
by the DAPI test. Either situation would result in the 
measurement similar growth rates in MLO-infected 
and "noninfected" groups. 

ASSESSMENT OF SUSCEPTffiiLITY OF 
SINGLELEAF ASH TO ASHY MLOS 

Bark patches from roots of two diseased 
velvet ash saplings were grafted into the stems of 10 
singleleaf ash in May, 1991, and this process was 
repeated with eight more trees in 1992. Several of 
the patches made union in each year. DAPI tests on 
root samples collected from the grafted trees in 
August 1992 revealed no evidence of MLO infection. 
This result could indicate either MLO resistance or 
lack of transmission of MLOs, because bark-patch 

grafts are relatively inefficient for AshY MLO 
transmission. Bark patches were used because 
budwood at an appropriate growth stage was not 
available. 

IDENTIFICATION OF ASHY MLOS IN ZION 
PARK 

Marginal effectiveness of the original 
approach to identification (dot hybridizations of DNA 
from velvet ash with AshY -specific DNA probes) has 
been indicated. AshY MLOs related to the New 
York strain AshY1 were detected in one out of 16 
infected trees tested. Two new approaches are more 
promtstng. One involves diagnostic 
immunofluorescence microscopy utilizing an AshY
specific monoclonal antibody developed by 
collaborators: . .J~ R. G~o and T. A. Chen ofJlutgers 
University (Guo & Chen 1993). Their anti&bdy was 
prepared to MLO .strain Ash Y2, which originated 
near Ithaca, NY. . Its specificity for AshY MLOs 
(including those causing lilac witches' -broom (Hibben 
et_ al. 1991) has been verified in tests with 
approximately 18 MLO strains. We performed 
immunofluorescence tests on phloem from five velvet 
ash in Zion Canyon in which MLOs had been 
detected by DAPI tests. Positive, although weak, 
reactions were noted in two specimens, while controls 
remained negative. This result supports the 
interpretation based on DNA hybridization that the 
MLOs in velvet ash Zion Park are AshY MLOs 
closely related to those in other ash species and lilacs 
in the East. 

The other promising approach to MLO 
identification involves RFLP (restriction fragment 
length polymorphism) analysis of MLO DNA 
amplified from extracts of total DNA of MLO
infected plants by PCR (polymerase chain reaction) 
(Ahrens & Seemiiller 1992, Kirkpatrick et al. 1992, 
Lee et al. 1992). In brief, PCR is an enzymatically 
catalyzed exponential replication of DNA, primed by 
small synthetic oligonucleotides that have sequences 
corresponding to tiny portions of the DNA of 
interest. Through PCR, otherwise undetectable 
fragments of the DNA of interest, in this case MLO 
DNA, may be amplified up to quantities that are 
readily detectable and suitable for genetic analysis. 
DNA amplified by PCR can be digested with 
restriction endonucleases, resulting in characteristic 
numbers and sizes of smaller fragments. These 
numbers and sizes vary with the nucleotide sequence 



of the parent fragment and the enzyme(s) used. 
Analysis of this variation (RFLP analysis) permits 
identification of the amplified fragment. 

Our collaborator, Dr. 1.-M. Lee, has 
designed oligonucleotide PCR primers that permit the 
amplification of a 1.2-kb fragment of the 16S 
ribosomal RNA gene of any MLO (Lee et al. 1992). 
Sufficient variation exists in the nucleotide sequence 
of this gene to permit the differentiation, through 
RFLP analysis, of MLOs that are known from 
previous research to represent different groups. 
Thus, AshY MLOs can be distinguished from all 
others (1.-M. Lee et al., unpublished). We have 
successfully used Lee's primers to amplify MLO 
DNA from MLO-infected white ash but not yet velvet 
ash. 

SUSCEPTIBILITY OF WHITE ASH_ TO MLOS 
FR-OM VELVET ASH 

In 1991 and again in 1992, segments of roots 
of diseased velvet ash saplings growing in Zion 
Canyon were used as sources of bark patches that 
were grafted into stems of 3- to 5-yr-old white ash 
(F. americana) seedlings in a greenhouse at Ithaca. 
Roots rather than stems were chosen as MLO sources 
because the titer of MLOs is likely to be higher- in 
roots than stems of ash (Sinclair et al. 1992a). 
Unions formed between all bark patches and recipient 
stems. Up to the time of writing, however, only one 
transmission has been detected._ The diseased white 
ash seedling died before the MLO strain in it could 
be propagated further. 

SUSCEPTIBILITY OF VELVET ASH TO MLOS 
FROM WHITE ASH 

Two experiments like those described in the 
preceding paragraph but involving attempted transfer 
of New York MLOs from white ash into velvet ash 
seedlings are undeiWay. At the time of writing, one 
velvet ash seedling is confirmed as infected, but no 
external symptoms had been observed. 

MYCOPLASMAL INFECTION IN PLANTS 
OTHER THAN ASH IN ZION PARK 

Further search in May and August, 1992, for 
MLO-infected plants other than velvet ash in Zion 
Canyon was fruitless. Immunofluorescence tests with 
anti-AshY and anti-aster yellows monoclonal 
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antibodies obtained from Guo and Chen were 
performed in 1992 on dried healthy and MLO
infected rabbitbrush collected in 1990. Results were 
negative. Thus, the MLO in rabbitbrush is probably 
are not an AshY MLO. PCR amplification and 
RFLP analysis of MLO DNA from the dried plants 
will be attempted for further information. 

VECfOR DETECfiON AND IDENTIFICATION 

We collected leafhoppers from sticky traps 
in Zion Canyon during one week in August. As 
before, relatively few insects were obtained. They 
are preserved in acetone, awaiting processing for 
MLO detection. One identified species, Scaphoideus 
lobatus, is of special interest because it has also been 
trapped on sites of AshY occurrence in New_ York 
State. 

CHEMOTHERAPY FOR SUPPRESSION OF ASHY 

The experiments begun in 1991 were 
completed with negative results and were reported in 
an abstract (Sinclair_ & Griffiths 1991), the text of 
which is reproduced in part below. 

Plavsic et al (1988) reported remission -of 
symptoms caused by MLOs in tomato and potato 
plants after treatment of the plants with solutions of 
the cytokinin growth regular kinetin. We therefore 
tested kinetin on potted periwinkle ( Catharanthus 
roseus) and white ash, healthy or infected with ash· 
yellows MLO~. Periwinkle is an experimental host 
of many MLOs. Experiments were designed as 
randomized complete blocks. For white ash there 
were 2 concentrations of kinetin (and boiled distilled 
water as a control) x 3 methods of application (spray, 
soil drench, stem infusion) x 3 replications each of 
diseased and healthy plants. For periwinkle there 
were 3 concentrations of kinetin (and water control) 
x 2 methods of application (spray and drench) x 5 
replications each of diseased and healthy plants. 
Solutions (0, 0.1, 1, or 5 JLM kinetin) were applied 
as sprays (with c. 100 p.L Tween 20 per liter as a 
wetting agent) or soil drenches daily for 7 days or 
were injected into stems _ of ash once. All plants 
remained unchanged in appearance for 2 months after 
treatment. Diseased ash and periwinkle had stunted 
shoots and leaves. Microscopic examination (DAPI 
tests) revealed no effect of treatment on populations 
of MLOs in periwinkle or ash phloem. The white 
ash trees then undeJWent a cycle of dormancy and 
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regrowth. All but one initially infected ash remained 
stunted and again tested positive with DAPI, while 
healthy plants showed no changes associated with 
treatments. Thus, kinetin is not useful for therapy of 
ash or periwinkle infected with ash yellows MLOs. • 

+ CONTINUING STUDIES 

ASHY INCIDENCE IN NORTH CREEK AND 
PARUNUWEAP CANYONS 

Root samples collected in August, 1992, will 
be processed for MLO detection and determination of 
incidence levels. 

IDENTIFICATION OF ASH YELLOWS MLOS IN 
ZION PARK 

RFLP analysis will be performed on PCR 
products obtained by amplification of DNA from 
MLO-infected and healthy velvet ash. This 
procedure will yield a third and conclusive line of 
evidence about the relationship of MLOs in ash in 
Zion National Park to those in other ash species in 
the East. · 

VECTOR DETECTION AND IDENTIFICATION 

The leafhopper collection from Zion Canyon 
will be used for attempts to detect AshY MLOs by 
immunofluorescence microscopy with an AshY
specific monoclonal antibody and by means of RFLP 
analysis of PCR-amplified MLO DNA. 

SUSCEPTIBILITY OF VEL VET ASH TO MLOS 
FROM WHITE ASH, AND VICE VERSA 

Four greenhouse experiments will be 
evaluated in spring, 1993. 

SUSCEPTIBILITY OF SINGLELEAF ASH TO 
ASHYMLOS 

We will try to grow singleleaf ash· seedlings 
from seed for grafting with diseased scions for 
possible transmission and evaluation of resistance. 
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