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INTRODUCTION 

2000 ANNUAL REPORT 

DIRECTOR'S COLUMN 

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 national parks, monuments, 
and recreation areas in Wyoming and neighboring 
states. The UW -NPS Research Center solicited 
research proposals from university faculty or full-time 
governmental research scientists throughout North 
America via a request for proposals. Research 
proposals addressed topics of interest to National 
Park Service scientists, resource managers, and 
administrators as well as the academic community. 
Studies conducted through the Center dealt with 
questions of direct management importance as ell 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 Director 
of the UW-NPS Research Center. Research 
Contracts are usually awarded by the middle to end of 
March to early April. 

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 an 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 50 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. 

Special acknowledgement is extended to Ms. 
Karen Noland, Office Associate, for her skills and 
dedication to the Research Center which were a vital 
contribution to this publication. 

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). 
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PLANT SPECIES RICHNESS AND NON-NATIVE INVASIONS 

IN FIVE RIPARIAN COMMUNITIES IN 

GRAND TETON NATIONAL PARK, WYOMING 

+ 
HEATHER K. MARKS + TETON SCIENCE SCHOOL 

KELLY+WY 

+ ABSTRACT 

Non-native species invasions in national 
parks directly interfere with the major management 
goal of protecting native biota. The status of species 
richness and non-native invasions was assessed in 
five riparian vegetation types in Grand Teton 
National Park, Wyoming, with nested-scale number 
and frequency vegetation data using a Modified
Whittaker sampling design. In the 20 (1000-m2

) 

plots sampled, non-native species represented 11.9% 
(35) of the total 294 species recorded. Non-native 
species were found in small populations either widely 
dispersed across the five vegetation types or 
appearing to have some level of habitat specificity. 

Total species richness across the five 
vegetation types varied from 42 species in the sage 
community to 96 species in the conifer-broadleaf 
community. Overall, mean species richness across 
the five communities was 81.9 species/0.1 ha. A 
suite of environmental variables such as nutrient 
availability, flood regime, herbivory as well as 
successional trends may explain the variability in 
species richness across communities. 

Patterns of total species richness across 
multiple scales were fairly consistent. Patterns of 
non-native species invasion, however, appeared to be 
both scale and vegetation type dependent. The 
highest proportion of non-native species for four of 
the five vegetation types was recorded at the smaller 
sampling scales. The alder community was the most 

invaded at all scales measured and had the most 
distinct assemblage of non-native species. 

Some studies suggest that community 
invasibility may be related to species richness. At the 
1-m2 and 1000- m2 scales, total species richness and 
number of non-native species were significantly and 
positively correlated. When the alder sites were 
removed from analysis at the 1000- m2 scale, the 
positive linear relationship increased, and the total 
variance explained by the linear models was enhanced 
by 38%. At all scales sampled, the alder sites were 
highly and disproportionately invaded, often more 
than twice the level of other communities. The 
mechanism of nitrogen fixation may be promoting 
non-native invasions in the alder community. 

At the vegetation type scale (combined 
species lists from four 1 OOO-m2 plots in each 
community), those communities with the most unique 
non-native assemblages were the most invaded. A 
significant negative linear relationship between non
native species overlap and percentage of non-native 
species was observed in the alder sites at each scale 
sampled. This pattern suggests some relationship 
between properties of an invading species and 
properties of the community that it invades. 

Because the results of this study suggest 
species rich riparian landscapes are vulnerable to 
non-native invasions, recommendations are offered to 
assist managers in responding efficiently and 
effectively to this conservation priority. 
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+ INTRODUCTION 

Because of their rich and often unique 
assemblages of plant and animal species (Decamps 
and Tabacchi 1994 ), riparian landscapes are 
important for regional biodiversity. Riparian habitats 
have an ecological, cultural, and economic 
importance far beyond their relatively small area 
across a landscape. For example, in Wyoming ~1% 
of the region is classified as riparian while an 
estimated 80% of native animals depend, at some 
time during the year, on this limited area for food, 
water, shelter and migration routes (Knight 1994). 
However, the value of riparian landscapes in this 
country, and worldwide, has been largely 
compromised by human influences (e.g., 
urbanization, irrigation, and livestock grazing). In 
the lower 48, only 2% of the total length of rivers are 
considered to be of sufficient quality for protection 
(Naiman et al. 1993). 

Recent studies indicate that species-rich, 
productive riparian zones are particularly vulnerable 
to non-native species invasion in many ecosystems 
(Stohlgren et al. 1998a); Planty-Tabacchi et al. 1996). 
There is a long history of the idea that disturbance 
influences invasibility of a community (Huston 
1994). It has also been suggested that invasions may 
be related to species richness (Planty-Tabacchi et al. 
1996). Beyond the original observation of Elton 
(1958) and others (Fox and Fox 1986; Huston 1994), 
that species-poor communities may be more prone to 
invasion, it is now hypothesized that species rich 
communities may use limiting resources more 
completely and prevent invasion from competing 
non-native species (Fox and Fox 1986; Tilman 1997). 
Mathematical models also suggest species rich areas 
should be resistant to invasion (Case 1990). Recent 
field studies, however, suggest that invasibility may 
be proportional to species richness (Planty-Tabacchi et 
al. 1996). Species rich communities that receive an 
intermediate level of disturbance (fire, flood, 
herbivory) may have more resources available for 
invading species (Stohlgren et al. 1998b ). Others 
have suggested unexploited resources and available 
space are not requisite for non-native invasions. In this 
scenario, the non-native species are assumed to replace 
the resident ones (Crawley 1987). 

Structurally diverse, productive, and 
dynamic riparian landscapes may provide crucial 
insight into the relationships between native species 
richness and the presence of non-native species. In 
order to assess the patterns of species richness and 
non-native invasion in five riparian vegetation types 
in Grand Teton National Park, field research was 

conducted to address the following questions: (1) 
How does native, non-native and total species 
richness vary across five vegetation types at multiple 
scales?; and (2) What is the relationship between 
total species richness and non-native invasion? 

+ METHODS 

Study Area 

The study area is located in Grand Teton 
National Park (GTNP) in Northwestern Wyoming 
(43 o 40' N latitude, 110 ° 43' W longitude). GTNP 
is situated in a high mountain valley surrounded by the 
Teton range to the West, the Gros Ventre range to the 
East and the Yellowstone Plateau to the North. The 
valley floor is characterized by numerous river 
terraces, glacial moraines, and isolated timbered 
buttes. It is drained chiefly by the Snake River, 
which bisects the valley and supports its largest 
riparian community. The Snake River corridor is 
characterized by well-developed, geomorphically 
complex floodplains with long periods of seasonal 
flooding, lateral channel migration, oxbow lakes in 
old river channels, diverse vegetation communities, 
and moist soils. Elevation within GTNP ranges from 
7000 ft. at the valley floor to almost 14,000 ft. at the 
mountain peaks. Long, cold winters and short cool 
summers characterize the climate. 

The study site included an approximately 
600 acre (234 ha) area of riparian landscape on the west 
bank of the Snake River near Moose. In the study 
area, the principal riparian vegetation types include 
sagebrush/bitterbrush shrubland (Artemisia tridentata 
Nutt. and A. arbuscula Nutt.!Purshia tridentata 
(Pursh) DC.), conifer/broadleaf woodland containing 
stands of cottonwood (Populus angustifolia James), 
Colorado blue spruce (Picea pungens Englem.), 
lodgepole pine (Pinus contorta Dougl. ex Loud.), 
Alder woodland (Alnus incana (L.) Moench), mixed 
conifer woodland including P. contorta, P. pungens, 
Douglas-frr (Pseudotsuga mensiezii (Mirb.) Franco), 
and subalpine fir (Abies lasiocarpa (Hook.) Nutt.), 
willow shrubland (Salix spp.), and riparian meadows 
(Knight 1994). 

Unbiased Site Selection 

Sample plots were randomly placed in five 
vegetation types using 1: 12000 natural color aerial 
photographs taken on 6 October 1996, and stratified
random sampling design. Based on photo 
interpretation, vegetation was stratified to include 



homogeneous and heterogeneous (e.g., ecotones, 
mixed stands) plant communities. After completing a 
general floristic survey and ground-truthing of the 
mapped vegetation communities, four plot locations 
in each vegetation type were randomly selected using 
a grid system on a plastic overlay atop the aerial 
photograph. The plots were located with the aid of 
photographs, maps, and compass, and then mapped 
with a global positioning system. 

Multi-scale Vegetation Sampling 

The methodology closely follows that of 
Stohlgren et al. ( 1997). At each sampling point, a 
Modified-Whittaker (M-W) nested vegetation 
sampling plot (20m x 50m,) was placed across the 
major environmental gradient (Fig. 3). Nested within 
each plot were ten 0.5m x 2m (1m2

) subplots 
arranged systematically inside and adjacent to the 
plot perimeter, two 2m x 5m (1Om2

) subplots in 
diagonal comers, and one 5m x 20m (100m2

) subplot 
in the center of the plot. Foliar cover for each species 
and five non-vegetative characteristics (rock, litter, 
bare ground, scat, and down wood) were estimated to 
the nearest 1% in the ten 1m2 subplots, and cumulative 
species were successively recorded in the 1Om2

, 

100m2 subplots, and 1 000m2 plots. Ancillary data 
recorded at each plot included slope, aspect, 
latitude/longitude location from a global positioning 
system, and elevation from 7.5 minute topographic 
maps. 

The 20m x 50m plot size has been widely 
used throughout the world facilitating comparison 
between regions (Baker 1990). The M-W nested plot 
minimizes design flaws of other nested sampling 
methods (Stohlgren et al. 1995) and returns 
significantly higher species richness values than other 
vegetation sampling techniques (Stohlgren et al. 
1998b). This design was also shown to be robust 
across a range of habitats, vegetation types, and land 
use characteristics (Stohlgren et al. 1998b ). 

Sampling in each community was conducted 
as close to the peak plant phenology as possible 
between the dates of 25 July and 3 August 1999. 
Plant species that could not be identified in the field 
were collected and identified on site (following Dom 
(1992)) and Hitchcock and Cronquist (1973) or at the 
University of Wyoming, Rocky Mountain Herbarium 
in Laramie. Nomenclature follows Nelson and 
Hartman (1997). 

Species richness for each vegetation type 
was determined by combining species lists from 
replicate plots and removing duplicate entries. 
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Jaccard's coefficient (J) was used to measure the 
degree of overlap between the combined species list 
for the five riparian vegetation types as follows: 
J=A/(A + B + C), where A = the number of species 
found in both paired vegetation types; B = species in 
type 1 but not in type 2; and C =species in type 2 but 
not in type 1 (Stohlgren et al. 1998a). A comparison 
of species lists for two types resulting in a coefficient 
of 1.0 would indicate complete similarity (i.e., 
identical species lists), while a value of 0 would 
indicate dissimilar sites with no species in common. 

Statistical Analysis 

The unit of analysis is the number of species 
observed designating species richness. Differences in 
the number of total, native, and non-native species 
among the five vegetation types were tested using 
ANOV A followed by post hoc Tukey multiple 
comparisons. Simple linear regression was used to 
measure the relationship of total species richness and 
exotic species richness as well as the relationship 
between species overlap and the percentage of non
native species observed. SYSTAT version 7.0 
(Wilkinson 1997) was used to perform statistical 
analysis. 

+ RESULTS 

Plant Species Richness Across Five Riparian 
Vegetation Types 

In the 20 sites sampled in the alder, conifer, 
conifer-broadleaf, cottonwood, and sage vegetation 
types, 294 total plant species were recorded. Forty
nine families and 185 genera were represented. 
Native species represented 88.1% of the total flora 
(259 species), and 11.9% of species (35 species) were 
non-native in origin. The National Park Service 
defines non-native species as "those that occur in a 
given place as a result of direct or indirect, deliberate 
or accidental action by humans" (Rutledge and 
McLendon); Table 1. Seven "Species of Special · 
Concern" in Wyoming (Table 2) and six non-native 
species prioritized for management in Grand Teton 
National Park (Table 3) were recorded. Forbs and 
graminoids were the dominant functional groups, 
accounting for 69.7% and 19.4% of the total species, 
respectively. Shrubs and trees accounted for just 
over 10% of the total species. 
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Table 1. Study area species richness 
characteristics. 

Category No. Species % of Total Richness 

Forbs 205 69.7 

Graminoids 57 19.4 

Shrubs 23 7.8 

Trees 9 3.1 

Total Species 294 100 

No. % ofTotal 

Category Species Richness 

Native 259 88.1 

Species 

Non-Native 11.9 

Species 35 

Total Species 294 100 

Table 2. Mean percent frequency of native "Species of Special 
Concern" in Wyoming across five riparian vegetation types. N =56 
total subplots in each vegetation type. 

Conifer-
Species Alder Conifer Broad leaf Cottonwood Sage 

Botrychium 2 

virginianum 

Car ex 
cusickii 9 

Carex deweyana 20 5 
var. 
bolanderi 

Hieraceum 2 

scouleri var. 

scouleri 

Sed urn 4 16 75 16 

stenopetalum 

Stellaria crispa 5 

Torreyochloa . 4 

pallida var. 

femaldii 

Table 3. Mean percent frequency of non-native species listed on the Grand 
Teton National Park Exotic Plant Priority List (1996) across five riparian 
vegetation types. N = 56 subplots in each vegetation type. 

Priority Conifer-
Rankin Aide Broad lea Cotton woo 

g Species r Conifer f d 

I Carduus 4 4 7 2 

nutans* 

I Linaria 9 
vulgaris 

* 
II Cirsium 14 7 

vulgare 

III Cirsium 39 7 4 

arvense* 
Tragopo 

III gon 2 7 18 43 

dub ius 
Melilotu 

III s 7 
officinali 
s 

* listed as noxious weeds in Teton County, Wyoming 

Total species richness varied considerably 
across the five communities. At the vegetation type 
scale (combined species lists from four 1 000m2 plots 
per type), total species richness ranged from 176 
species in the conifer -broadleaf type to 118 species in 
the sage type (Table 4). At this scale, the conifer
broadleaf community had the highest number of total, 
native, and non-native species, but had a lower 
percentage of non-native species than the alder, 
conifer, and cottonwood types. The alder 
community, relatively low in total species richness, 
was highly invaded (16.3%) compared to all other 
vegetation types (Table 4). 

At the 1m2 scale, total and native species 
richness in the conifer sites were significantly greater 
than all other vegetation types (P < 0.001, Table 5A). 
Although lowest in native species richness, the alder 
sites had the highest mean number of non-native 
species (2.15 ± 0.20 species), and were significantly 
more invaded than all other vegetation types (P < 
0.001, Table 5A). At the 1m2 scale, non-native 
species comprised 18.7% ofthe total species richness 
in the alder sites, more than twice the level in the 
cottonwood sites (8.2%). Significant relationships 

Sage 

5 

48 

4 



between communities according to total, native, and 
non-native species richness and percent invasion 
were similar at the 1Om2 and 100m2 scales (Table 
5B). 

T.t.k:JA. ltauhsofANOVAof.....wbetofDitiwmd~wc1pC!cics(mu-swith 1 S~)acro~~muh.ipfe.scale~ 

;. lw np.n. wpt~tioll rypa. ...,.. ....;u. 4irrem.t ~ wpenc:ript lcnas Mthift coi!MIIft5-. siplficandy dffl'tnatat 

P <O.OSTub(slat. . 

1-.m'-subplob: (lt-«J~~tion!lf!} ..... , ........ (.-l ............ tn><1 

Nlnbcr~ies %orTouiSpccia: Number~ %ofloul$p«ics 

Noll,. -.Noo.. N1tivc Noa-Naciw NMiYC Noe-H.civc To1&J N•tiYC Noii·Natiw: 

A- 10.2' 2.1J .. 12.35' ll .J.C· 11.66' IJ.I5' ur 2o.lS' 77.99' 22.01. 

(0.61) (O.lO) (0.1•1 (0.02) (0.02) (1 .16) (0.%) (1 .01) (O.OJ) (O.OJ) 

c..,.J« IJ.O,. ..... IUs' 19.69" 10.11'' 2l.1 .. 1.16""" li.6J' "-"' I OJ,. 

(0.1l) (0.19) (0.1.) (0.01} (0.01} (l.l•) (O..S2) (2.11) (0.02} (O.ll2) 

c....,...,. ... aea~ U.ll'' 1.1"'• IU:l' ......... 11.94'""' ll.ll' l.l,. 20.6.1' .,_u• IO.t,. 

(0.61) (O.U) (0.6&) (0.11) (0.11) (l-'1} (O.•ll (1 .61) (0.01) (0.01) 

c- tl.IJ"'' 1.01" ,,_,. 9t.IJ' ... ,. 19.15' l.u"'• 22' 11.6,. I:Z.H" 

(O..SI) (O. IS) (G.<I9) (0.01} (0.01) (1 .61} (O.•SJ (0.19) (0.02) (0.02) 

Soc< to.c:r-• ,_, .... u• ...... I). I,. IS.II' 
,_,.. 19.S' 10 ...... ......... 

(O.<W) (0.1•1 (0.%) (0.01) (0.01) (0.1)) (OJ)) (I.D'/) (G.Ol) (0.02} 

s->1la 
'-S> l.JS S.ll s.o 

r <0.001 <0.001 <0.001 0.020 0.002 0.002 0.001 

,• 0. 11) 0.091 0 .119 0.421 0.277 o.JI3 0.199 

row sa. lleluluofANOVAolawnOcrofaM-.I.o.....U".,mcs( witttlSEilllperc~~thacs} nw~le.alain 

ftvc,..._ftJftlleianl)'pa. Me.s-'Ch•~~ -lipltianttyditr~•ftlpenO"iplldtm:wiehiaco"'"-
<0.05T...,.._ · 

IOO-m'~i"-4~~!n!l 1000-m1 plol:l("-4pernctationtype) 

%o(T~ISpccies NumberS~ia %orTotalSpecies - Non~\'C TObl Natiii'C Non~tiw Nabw: Noft-Neti....: ToW 

...... 2>.1>' ,... JO.T5' ~ 16.1~ .,... U.S' 71.J ... IUl• 17.Js-
(3 ... , (0.00) (l.D41 (0.02} (0.02) (S_.l) (U') (4.94) (0.02) (0.02) 

c-lfer 4UJ" 1.7$" ... lt.l~· to.I.J"'• ..... u· 9J.J'' a.s..s9'• IJ.I9"• 
(4.49) (UI) (UO) fi).Ol) (0.01) {l.ll) (O.TI ) (1.96) (O.Ot) (0.004) 

Cetdhr..,._41af4t .7r'• 4'' .Cj_7j' ... tl .41. ,_,. 9l.U" ll.J" 104$ n .99' 11.01' 
(UI) (0.11) (1.116) (UI) (0.01) (1 .10) (G.6S) (l.ll) (0.00<) (0.00<1) 

C.,._.,.,_.l4.7S'" 4.2$ ... ,,.. 19.2' IO.W 61.21' 1.11" l l ... 19.ot• IO.W 
(1.<9) (0.41) (Ul) (0.004) (0.004) (l.lS) (0.41} (1 .71) (0.01) (0.01) 

.... 21.7s- ,_,. JUS' 11.79'" ll.ll ... ,,. 6.n· 6l" 11.41" 11 .11" 
(3.94) (O.JO) (1.94) (0.02) {O.Ol) (J.OO) (0.61) (4.9)) (0.02) (0.01) - F :U9 4.97 4.91 U.ll 4,42 u 

r ..... O.D42 0.009 0.009 <OJJOI <0.001 o.ou 0.011 

•' 0.6U 0.46) G..s1 0.101 0.562 

Several general observations about species 
abundance, distribution, and specific species 
associations with vegetation types are worth noting. 
The most commonly recorded non-native species in 
all 20 sample plots were Poa pratensis L. and 
Taraxacum spp. (mean frequency~ 50%) and, to a 
lesser extent, Tragopogon dubius Scop. (mean 
frequency 24%). These three species were the 
primary invaders in the conifer-broadleaf, 
cottonwood, and sage communities. Lepidium 
virginicum var. pubescens (Greene) C.L. Hitche was 
most abundant and evenly distributed in the sage and 
cottonwood vegetation types (mean frequency ~ 

14%). Chenopodium album var. album L., Lactuca 
oblogifolia Nutt., Phleum pratense L., and Trifolium 
pratense L. were common (yet patchy) in the conifer
broadleaf community (mean frequency ~ 11 %). 
Galium aparine L. was most abundant and widely 
distributed' across the conifer and alder sites (mean 
frequency ~ 41% ). 
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Several non-native plants were unique to 
specific communities and plot locations (Table 7). 
The alder sites had the most distinctive assemblage of 
non-native species, with a total of six species found 
only in this vegetation type. The conifer and conifer
broadleaf communities each had two non-native 
species unique to those sites, and the cottonwood 
community had one species found in no other 
vegetation type. Frequency of these plants across the 
four sample plots varied widely (Table 7). 

Table 7. Mean percent frequency of habitat specific non-native species. 

Vegetation Type/Species Mean% Frequency 

Alder 
Arenaria serpy/lifolia 20 

Linaria vulgaris* 9 

Potentilla norvegica 14 

Potentil/a recta 13 

Rumex crispus 4 

Saponaria officina/is 4 

Conifer 
Phalaris arundinacea 2 

Trifolium hybridum 4 

Conifer-Broadleaf 
Medicago sativa 2 

Meli/otus officina/is • 4 

Cottonwood 
Agropyrom cristatum 5 

• indicates species is listed on the Grand Teton Nation! Park Exotic 
Plant Priority list (1996) 

The six non-native species on the GTNP 
priority list had some notable frequencies and 
distributions (Table 3). Carduus nutans L. and 
Tragopogon dubuis were recorded in all five 
vegetation types - the former having consistently low 
frequencies across vegetation types (mean frequency 
~ 7% ), and the latter having disproportionately high 
frequencies in the cottonwood and sage communities 
(mean frequency~ 43%). Cirsium arvense (L.) Scop. 
was observed in three of the five vegetation types 
with distributions heavily concentrated in three alder 
sites. Priority non-native species unique. to the alder 
and c onifer-broadleaf communities included Linaria 
vulgaris Mill. and Melilotus officina/is (L.) Pallas. 
Cirsium vulgare (Savi) Tenore was found almost 
exclusively in the alder sites, being observed in only. 
one other conifer sample plot. 
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Relationships Between Species Richness and Non
Native Invasions 

At the 1 m2 scale, positive 1 inear regression 
models best describe the relationship between total 
species richness and number of non-native plant 
species in these Snake River riparian vegetation 
types. Total species richness and number of non
native species were positively correlated in four of 
the five vegetation types (Fig. 3). The positive linear 
relationships were strongest for the conifer and 
conifer-broadleaf communities (r 2 = 0.05, P < 0.001 
and r 2 

= 0.25, P < 0.002, respectively), and weaker 
for the sage type (r 2 = 0.12, P < 0.03). When all 
vegetation types were combined, total and non-native 
species richness were positively and significantly 
correlated despite considerable variability in the 
scattergrams (r 2 

= 0.06, P < 0.001, Fig. 3). Only the 
alder community demonstrated a significant positive 
linear relationship between total species richness and 
percentage of non-native species (r 2 = 0.12, P < 
0.032). 
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Similarly, at the 1 000m2 scale, there was a 
significant positive linear relationship between total 

species richness and number of non-native species (r 
2 = 0.31, P < 0.02, Fig. 4). When comparing models 
with a 11 sites c ombined to those with the four alder 
sites removed, positive linear relationships increased, 
and the total variance explained by the linear models 
was enhanced by 38% (r 2 = 0.69, P < 0.001, Fig. 4). 

At the vegetation type scale (n = 4 plots per 
type), relationships were not significant between total 
species richness and non-native invasions (r 2 = 0.46, 
P = 0.20). When the alder sites were removed from 
analysis, the strength of the relationship between total 
and non-native species richness improved (r 2 = 0.57, 
P = 0.14, Fig. 4). 
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Relationships Between Species Overlap and Non
Native Invasions 

Total species composition overlap between 
the five vegetation types varied considerably. At all 
scales sampled, the alder community had the most 
unique total species, ranging from 13% overlap at the 
1m2 scale to 26% overlap at the 1 000m2 scale. The 
conifer-broadleaf sites had the most total species in 
common with other types; 31% overlap and 39% 
overlap at the 1-m2 and 1 OOO-m2 scales respectively 
(Table 8). 

The overlap in the non-native flora across 
vegetation types showed similar patterns. The alder 
community h~d the most unique assemblage of non-



native species at the 1m2 
( 19% overlap) and 1 000m2 

(31% overlap) scales. At the 1 000m2 scale, the 
conifer-broadleaf community (also the most species 
rich) shared the most non-native species with other 
types (42% overlap, Table 8). 

Table 8. Species composition overlap at 1-m2 and IOOO-m2 scales across five 

riparian vegetation types (based on the mean similarity,J, of pari wise comparisons 

of species lists from 1-m2 subplots (n = 40) and IOOO-m2 plots (n = 4). 

Total Species Overlap (%) Non-Native Species Overlap(%) 

1-m2 IOOO-m2 1-m2 IOOO-m2 

Alder 13.2 26.9 19.6 31.7 

Conifer 26.7 35.2 37.4 36.0 

Cooifer-Broadleaf 31.3 39.3 32.4 42.2 

Cottonwood 26.5 34.5 26.9 41.3 

Sage 24.6 30.8 33.7 40.5 

At the vegetation type scale, those 
communities with the most unique non-native species ·. 
assemblages were the most invaded. A significant 
negative linear relationship was found between non
native s pedes o verlap and p ercentage o f non-native 
species (r 2 = 0.97, P < 0.002, Fig. 5), and this 
negative relationship was observed in the alder sites 
at each scale sampled (Fig. 6). 
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+ DISCUSSION 

Riparian Zone Species Richness 

Worldwide, studies of riparian vascular 
plants report unusually high levels of biodiversity 
(Decamps and Tabacchi 1994; Gregory et al. 1991; 
Planty-Tabacchi et al. 1996; Stohlgren et al. 1999; 
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Ward 1998). In this study, 294 total species were 
observed in 20 sample sites totaling 2 ha in area. The 
multi-scale sampling design captured 25.4% of 
approximately 1160 vascular plant species found in 
all of Teton County (Markow 1999; Shaw 1992). 
The dynamic nature of riparian landscapes (e.g., 
frequent flooding and mosaic landform) often leads 
to greater species richness than the surrounding 
upland communities. Studies from the Colorado 
Rockies and Central Grasslands (Stohlgren et al. 
1998a), the Oregon Cascades (Gregory et al. 1991), 
and in Sweden (Nilsson et al. 1994) all reported 
higher species richness in riparian zones than in 
upslope habitats. However, studies reporting riparian 
vegetation to be relatively species poor do exist. In 
Western Australia, Hancock ( 1996) found that upland 
vegetation supported more species than riparian 
habitats. Enright et al. (1994) noted similar patterns 
in similar landscapes in Victoria, Australia. 
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Figure 6. Non-native species over1ap (J) and mean percentage of non-native speices scales 
across multiple in five riparian vegetation types (based on the mean similarity (J) of pairwise 
comparisons of species lists at each scale). 

Total species richness in the 20 sites varied 
from 42 specie·s in the sage community to 96 species 
in the conifer-broadleaf community per 0.1 ha (Table 
5). The overall mean species richness of 81 .9 
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species/0.1 ha is substantially higher than other 
studies report for riparian habitats in North America. 
Baker (1990) found an average total richness of 50.6 
species/0.1 ha along the western face of the Colorado 
Rockies. His results are comparable to those from 
studies in Rocky Mountain National Park (Peet 1978) 
and the Santa Catalina Mountains in Arizona 
(Whittaker and Niering 1965). Total richness along 
ravines in the Finger Lakes region of New York 
averaged only 40 species/0.1 ha (Glenn-Lewin 1975). 
The size of the regional pool of species at the level of 
the river floodplain may influence the size of local 
assemblages of riparian species (Decamps and 
Tabacchi 1994). Additions of species from upstream 
protected areas and exchanges with surrounding 
upslope terraces may help explain the unusually high 
diversity in these Snake River riparian habitats. 

Species Richness: Comparisons Across Communities 

Total species richness · varied considerably 
across the five vegetation types. A suite of 
environmental variables including nutrient 
availability, soil depth, microclimate variations, flood 
regime, herbivory, proximity to upslope 
communities, and exchange between adjacent patches 
of different successional stages may control species 
richness at the local level (Decamps and Tabacchi 
1994; Knight 1994). Other important environmental 
gradients such as e levation and moisture ( Malanson 
1993) have also been related to v ariation in species 
richness in riparian vegetation on a local sale. 

At the vegetation type scale (four 1 000m2 

plots combined), the conifer-broadleaf community 
was considerably more species rich than the other 
communities (Table 4). Annual inputs of nutrient
rich organic material, rapid nutrient cycling, and low 
accumulation of woody debris may encourage a lush 
understory in these sites. The conifer sites sampled in 
this study were also remarkably species rich at all 
scales sampled (Fig. 1 ). Typically, conifer stands are 
species poor due to high soil acidity, low soil fertility, 
and inadequate light beneath the canopy (Knight 
1994). Floodplain forests, however, are often 
exceptions, as nutrient deposits from upstream 
sources occur on a more or less regular basis 
(Markow 1999). In comparison, the cottonwood and 
alder sites were not remarkably rich at any scale. 
Cottonwood regeneration along the Snake River is in 
decline due to regulated flows and extensive diking 
(Knight 1994). Selective harvesting of tree species 
by beaver (Castor canadensis) greatly affects 
community composition in riparian forests and 
shrublands, and may have led to the succession of 
Alnus species (Knight 1994). It is still unclear how 

successional trends in riparian landscapes operate and 
how they influence species richness. 

Wyoming Native Species of Special Concern 

Riparian communities have been recognized 
for their high level of species diversity, but little is 
known about regional endemics, taxa new to science, 
and uncommon species that may occur there (Wade 
1999). Seven "Species of Special Concern" (SSC) in 
Wyoming were recorded in this study (Table 2). 
These species, tracked by the Wyoming Natural 
Diversity Database, are those that are uncommon and 
could potentially be at risk in the state. All of the 
sse observed in this study are considered peripheral 
species, that is, common in the Pacific Northwest, but 
at the edge of their ranges in western Wyoming. The 
geographic "edge, for Sedum stenopetalum Pursh, for 
example, is especially sharp: five miles to the west of 
the study area it is abundant, and five miles to the 
east the species is absent (Markow 1999). 

Several important plant collections were 
made as a result of this study. The collection of 
Torreyochloa pal/ida (Torr.) Church var. fernaldii 
(Hitchc.) Dore was only the second for the state of 
Wyoming. The only other specimen was collected in 
1957, also near Moose, Wyoming. The occurrence of 
this species is strongly disjunct from the main portion 
of its range (Newfoundland to Minnesota), as there 
are no known populations between Minnesota and 
Moose (Markow 1999). The collections of 
Botrychium virgnianum (L.) Sw. and Carex 
deweyana Schwein var. bolanderi (Olney) Boott 
were firsts for Grand Teton National Park, and only 
the second record for Teton County for both taxa 
(Markow 1999). Although the most widespread in 
Botrychium in North America, this species is rare in 
Wyoming as it is restricted to moist habitat sites and 
occurs in small populations. Stellaria crispa Cham. 
& Schlecht. is also considered rare in Wyoming due 
to similar broad geographic distributions, habitat 
specificity, and small population sizes (Rabinowitz et 
al. 1986). Carex deweyana var. bolanderi is one of 
the most common sedges in eastern Oregon, but, as a 
result of small local population sizes, is considered 
rare in Wyoming (Rabinowitz et al. 1986). Such 
sparsely distributed species are likely to be resilient to 
localized disturbance, but may be threatened under 
massive habitat destruction. 

The SSC were recorded in all five 
vegetation types. Four species of concern were found 
in the conifer sites that were, cumulatively, the 
richest sites at all but the 1 000m2 scale. Three 
species recorded were unique to the alder 



community, which was relatively low in total species 
richness, but disproportionately high in exotic species 
richness (Figs. 4 and 5). Further research is needed 
demonstrate if these taxa of concern are a 
numerically important component of the riparian 
flora in Grand Teton National Park. Until more data 
are collected, conservation of known "Species of 
Special Concern", as well as those more critically 
threatened, will be best achieved through 
conservation of habitats in which they are found. 

Non-Native Invasions: Comparisons Across 
Communities 

Although riparian landscapes are 
documented areas of high biodiversity (Knight 1994; 
Malanson 1993; Naiman et al. 1993), there is 
increasing concern that these communities may also 
be easily invaded by non-native species. 
Environmental conditions that promote high species 
richness and occurrence of rare and endemic plants 
(e.g., low competitive displacement, infrequent major 
disturbance), may also allow the establishment and 
growth of non-native plants. Two-thirds of the Polish 
non-native flora was found in riverine habitats 
(Sykora 1990). DeFerrari et al. (1994) reported that 
non-native richness was 33% greater in riparian 
habitats than upland communities on the Olympic 
Peninsula in Washington state. 

This study recorded 35 (11.9% of total) non
native species in five vegetation types comprising 
26.9% of all non-native flora recognized in Teton 
County. These results are comparable with other 
studies investigating non-native riparian flora on the 
MacKenzie River in Oregon (30%), the Adour River 
in France (24%) (Planty-Tabacchi et al. 1996), and 
from data on the British flora (13-39%; Crawley 
1987). A study on non-native flora associated with 
Portuguese river systems, however, reported a 
relatively low level of invasion ( 6.2% ), but this figure 
was considered to be an underestimate because of the 
small sample area and location along the river 
corridor (Ferreira and Moreira 1995). Similar to the 
non-native flora observed in the Pacific Northwest 
(Planty-Tabacchi et al. 1996), all non-native species 
recorded in this study were herbaceous. Riparian 
communities in France, however, had a. much higher 
rate of invasion by woody species (Planty-Tabacchi et 
al. 1996). 

Overrepresented families of non-native 
species are usually associated with humans, 
particularly with their modem transportation systems 
and intensive landuse practices (Crawley 1987; 
Rutledge and McLendon; Tyser and Worley 1992, 
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Table 6). The plant families with the most non
native representatives reported in this study 
(Asteraceae, Fabaceae, Poaceae) support this general 
observation. Non-native species in the genus 
Cirsium (Asteraceae) were introduced apparently as a 
contaminant of agricultural seed and for ornamental 
uses. Species in the genus Trifolium (Fabaceae) were 
introduced as forage plants, and species in the genus 
Po a (Poaceae) were introduced for soil stabilization 
purposes. The spreading potential of these non
native species is likewise related to human 
disturbance. Linear habitats such as roads, irrigation 
corridors, and pipelines usually contribute to easier 
spread of species through the landscape (Pysek and 
Prach 1994). 

Attributes of Non-Native Species Found in Riparian 
Communities 

Two main categories of non-native species 
have been described: (1) those that are mostly 
innocuous or do not affect community structure; and 
(2) those that interfere with some aspect of native 
species and community structure (Hancock et al. 
1996; Randall1996). 

Non-native species described in the first 
criteria mix with, rather than replace native species 
and serve to increase species richness (Huston 1994). 
Numerous non-native species recorded in this study 
are likely having little overall effect on community 
structure or function, and are found widely 
throughout other native plant commumtles. 
Chenopodium album, a widespread annual forb, was 
found in two of the five vegetation types. Its 
occurrence in the conifer-broadleaf community 
(presence in three of four sites) may indicate fertile 
heavy soils with which it is typically associated. This 
plant is an effective competitor because of its rapid 
growth and removal of soil moisture. However, it 
has not been considered an aggressive or destructive 
plant (Rutledge and McLendon). Galium aparine, 
the fourth most abundant non-native plant observed 
overall, was concentrated in the alder and conifer 
communities. In the Pacific Northwest, this species 
has been observed to aggressively compete for water 
and nutrients, resulting in rapid growth and 
subsequent reduction in light levels for other species 
(Markow 1999). The cool climate characteristic of 
Grand Teton National Park appears to inhibit some of 
its competitive abilities. This may be one special 
case that demonstrates how the environment may · 
influence whether introductions of non-native species 
will succeed. 
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Several non-native species observed have 
the potential to dominate and change community 
form greatly from that of a "natural" one. Common 
features of these plants often include early season and 
rapid growth, vegetative reproduction, and efficiently 
dispersed propagules (Beerling 1995; Huston 1994). 
Several non-native species observed in this study 
exhibit these features. Poa pratensis, a well
established, widespread, adaptable European 
perennial grass, was the most abundant non-native 
species observed in this study. It was recorded in all 
five vegetation types with an average frequency of 
67% across the 20 sample sites. Although favoring 
moist habitats, this plant is adapted to a wide range of 
environmental conditions. Because this species 
requires a relatively high nutrient content of soil 
substrate, its relatively low frequency in the conifer 
sites may indicate low soil fertility in those sites. In 
natural areas, this plant has the potential to invade 
and to modify native communities, and is able to 
compete most directly with cool season native 
grasses through rapid spreading by tillers and 
rhizomes (Rutledge and McLendon). 

Phleum pratense, a cool-season, perennial 
bunchgrass (cultivated primarily as nutritious forage 
for domestic livestock), was observed in all five 
vegetation types. This species is considered to be an 
effective competitor and capable of forming self
perpetuating m onocultures. Invasion of this species 
may inhibit conifer seedling establishment, attract 
non-native insects and animals, and increase fire 
potential (System 1996). 

Taraxacum officinale Weber, one of the 
earliest spring bloomers on western rangelands, was 
the second most abundant non-native species 
observed in this study (mean frequency 50%). 
Studies of the impact of this plant on native 
vegetation have been inconclusive. Agricultural 
studies have suggested that Taraxacum spp. can 
reduce the productivity of surrounding vegetation by 
20% (Holm et al. 1997). However, a study with 
alfalfa reported no difference in productivity when 
dandelions were controlled. Lactuca oblongifo/ia, a 
"restricted noxious weed" (potentially detrimental) in 
Teton County, was widespread (present in three of 
four sites) in relatively low frequencies (mean 
frequency~ 11 %) in the alder community. Because 
of the relatively high potential for long distance seed 
dispersal characteristic of both T. officinale and L. 
oblongifolia, these two species have the potential to 
invade little disturbed or undisturbed native 
vegetation. 

Highly Disruptive Non-Native Species: A Priority for 
Conservation Management 

Several of the most highly disruptive non
native species identified by the state of Wyoming and 
the National Park Service were recorded in this study 
(Table 3). Carduus nutans (present in all vegetation 
types) and Linaria vulgaris (present only in the alder) 
are classified as "Priority I" species by GTNP and 
noxious weeds by the state. These species are 
described as aggressive invaders that become 
established in small areas and expand into 
surrounding disturbed sites. Efficient seed dispersal 
primarily by wind, extensive seed-viability, and 
because Carduus nutans is unpalatable forage for 
wildlife and livestock, it is highly competitive in 
many habitats. Linaria vulgaris, most successful in 
moist, fertile conditions, is highly competitive due to 
extensive, creeping root systems and long distance 
seed dispersal achieved by winged seeds and water. 
Grand Teton National Park's primary control efforts 
include herbicides intended to stop the spread and 
reintroduction of these species and, eventually, 
eliminate them. 

Cirsium vulgare, recorded in all alder sites 
and one conifer site, is a "Priority II" species. This 
category includes non-native species that have 
become established in small, localized areas, or have 
not been mapped. Seeds of this plant posses a hairy 
pappus and are well-suited for wind dispersal. 
Trampling and soil disturbance may also promote this 
highly competitive plant (Rutledge and McLendon). 
Large concentrations of ungulate and small mammal 
populations who use the alder communities along the 
Snake River may explain the relative abundance of 
Cirsium vulgare in this vegetation type. Current 
GTNP management efforts of "Priority II" taxa are 
oriented towards documenting the distribution and 
abundance of these species. 

"Priority III" non-native species in GTNP 
include Cirsium arvense, Tragopogon dubius, and 
Meli/otus officina/is, and are known to have invaded 
the GTNP and require extensive control. Only 
Tragopogon dubius was observed in the sample plots 
at moderate frequencies (mean frequency 24%), 
primarily concentrated in the cottonwood and sage 
sites possibly reflecting its preference for drier sites. 
Melilotus officina/is, introduced as a forage plant and 
now widespread, was observed at low frequencies 
(mean frequency~ 13%) in all five communities. Its 
consistent occurrence across the conifer sites 
suggests patchy microsite conditions which allow 
sufficient light into the understory, as this species is 
generally intolerant of dense shade. Long-lived seeds 



with dispersal by wind and water allow this species to 
readily invade open areas. Cirsium arvense, long 
recognized as an agricultural pest, has recently been 
recognized as harmful to natural areas as well. The 
alder community was significantly invaded by this 
species, with an average frequency of 39% for three 
sites, and as much as 71% in the most invaded plot. 
Disturbance, minimal competition, and adequate light 
are required for initial establishment, which explains it's 
abundance in open areas, including wetlands. But once 
established, reproduction by creeping roots 
contributes to localized spread, and wind dispersed 
seeds promote dispersal over longer distances. 
Eradication efforts of "Priority III" species are 
considered beyond the GTNP's current staffmg and 
funding capabilities. 

Non-Native Invasions in Riparian Communities: 
Conservation Concerns 

The results of this study suggest that the 
riparian flora of Grand Teton National park is 
becoming infected with non-native species. Overall, 
non-native species were found in small populations 
either widely dispersed across the five vegetation 
types or appearing to have some level of habitat 
specificity. Several species observed are designated 
noxious weeds that have the potential to alter 
community structure, associated nutrient cycles and 
disturbance regimes, as well as displace native 
species. Long term consequences of invasions 
include loss of native diversity that may have 
negative effects on native animal species that use 
these riparian communities to meet particular food 
and habitat requirements. 

Riparian zones play a potentially important 
role within landscapes as corridors facilitating the 
dispersal of plants, including adaptable and 
aggressive non-native species (DeFerrari and Naiman 
1994). Beerling (1995) confirmed the importance of 
river flows in extending plant distributions by 
documenting a strong correlation between the range 
extension of a plant and the previous year's rainfall. 

Invasions are also facilitated by enormous 
and continuous seed sources through human 
transportation and land-use practices (Stohlgren et al. 
1999). The collection of Veronica officinalis L. in 
this study represented the first documentation of this 
non-native species occurring in the state (Markow 
1999). This species was observed ·again a few 
months after my initial collection along a road 
corridor several miles from my study area. This 
pattern may be consistent with other models of 
species invasions where a non-native species 
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progressively spreads from its point of introduction, 
in this case possibly roadside areas (Tyser and 
Worley 1992). Human-made corridors may also 
facilitate repeated introductions that may allow some 
species to persist which would otherwise be 
eradicated in the longer term by environmental 
hazards (Newsome and Noble 1986). But as Huston 
(1994) cautions: "Arrival is not invasion." Transport 
and introduction of a species is just the first step of a 
successful invasion. Much more research is needed 
to provide insights into the seemingly complex 
biological processes underlying successful invasions. 

The presence and persistence of large 
numbers of both innocuous and noxious non-native 
species in this representative sample of five riparian 
vegetation types demonstrates the efficiency with 
which plants are establishing and spreading within 
protected areas. Managers should recognize that 
Grand Teton National Park and other conservation 
areas specified for the long-term preservation of 
species and habitats are not safe from invasion. 
Activities such as regulating stream flow and dike 
construction, road building, and livestock grazing 
may be negatively influencing the health of native 
communities. The connectivity of natural and 
artificial corridors may have profound negative 
affects with regard to non-native plant dispersal 
despite the well known benefits the connectivity 
provides for migratory and habitat corridors (Primack 
1993; Stohlgren et al. 1998a). 

Species Richness and Invasibility: The Debate 
Continues 

Overall, the results of this study demonstrate 
a positive relationship between species richness and 
non-native invasion across the five vegetation types. 
At the smallest (1-m2

) and largest (1000-m2
) scale 

sampled, a significant linear relationship was found 
between the total number of species and number of non
native species. Studies from the Colorado Rockies 
(Stohlgren et al. 1999), France (Planty-Tabacchi et al. 
1996), and California (Kruger et al. 1989) have also 
described a positive relationship between total 
species richness and non-native invasion. Studies 
from Australia, however, found a higher percentage of 
non-native species in species-poor vegetation 
communities (Fox and Fox 1986). It remains 
controversial how the maintenance of species rich 
communities influences resistance to invasion. 

Alder Ecosystem Effects on Non-Native Invasions 

Field observations and statistical analyses 
from this study suggest that the alder community is 
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an exception to the positive relationship between 
species richness and invasibility demonstrated in the 
four other vegetation types. At all scales sampled, 
the alder sites were not relatively species rich, yet 
were highly and disproportionately invaded c~ 16%), 
often more than double that of other communities. 
High levels of invasion in alder communities have 
been documented elsewhere. Alder flats in the Hoh 
watershed on the Olympic Peninsula, for example, 
had the highest cover of non-native species of six 
landscape patch-types sampled (DeFerrari and 
Naiman 1994). In contrast to this study, high species 
richness was observed in alder stands on alluvial sites 
on the Olympic Peninsula as compared to conifer 
stands (Sharpe 1956 as cited in Franklin and 
Pechanec 1968). 

Data from the alder sites sampled in this 
study suggest that non-native invasion, in this 
particular vegetation type, is not strongly influenced 
by species richness. Some mathematical models 
point to community-level rather than invader-level 
properties as the strongest determinant of differences 
in invasion success (Case 1990). Site-specific factors 
such as vegetational composition, disturbance 
regime, and soil characteristics are thought to affect 
non-native flora (Tyser and Worley 1992). What 
environmental conditions of the alder sites might 
support these invasions? Several studies have 
indicated that alder functions to improve soil nutrient 
content. Tarrant (1968) demonstrated that the degree 
of nitrogen fixation in the root nodules of alder 
considerably exceeds that of legume nodules. Alder 
may also be particularly effective as a nitrogen-fixer 
when soil nitrogen is low. This suggests that alder can 
grow vigorously on infertile soils and simultaneously 
fertilize them. Additionally, the nitrogen content of 
alder leaves has been shown to be substantially 
higher than that of other needle-leaved and broad
leaved trees (Yamaya 1968). Due to rapid growth 
and rapid decomposition of nitrogen-rich litter, the 
rate of nutrient cycling under alder forests is 
considered to be faster than in many other forest types 
(Yamaya 1968). 

Alnus species may be providing an 
important source of nitrogen for plants in the Snake 
River floodplain, which is especially important in 
cool climates. Evidence suggests that nutrient 
enrichment may alter ecosystem level properties in 
ways that may encourage invasion of non-native 
species. Maron and Connors (1995) reported that within 
a California coastal prairie, a nitrogen-fixing shrub 
(Lupinus arboreus Sims) facilitated invasions of 
prairie plant communities by non-native grasses and 
forbs. More importantly, the nitrogen enrichment 

and soil fertility observed in these habitats resulted in 
a highly productive but relatively species-poor 
community dominated primarily by non-native 
grasses (Maron and Connors 1995). The mechanism 
of nitrogen-fixation may be promoting non-native 
invasions in the alder vegetation type by altering 
competitive interactions, and favoring those plants 
which have the ability to utilize enhanced soil 
fertility and execute superior colonizing abilities. 

Habitat Specific Non-Native Species: Invader-Level 
Properties 

In addition to the characteristics of the 
recipient habitats, patterns of invasion are also 
determined by the biological and physiological 
attributes of the species relating to dispersal 
capabilities and ability to compete with native flora 
(Pysek and Prach 1994). The alder community, the 
most invaded vegetation type in this study, had the 
most unique assemblage of total and non-native 
species when compared to the other four vegetation 
types. Similar results were described in riparian 
habitats of the Rocky Mountains of Colorado 
(Stohlgren et al. 1999). These studies provide 
evidence that not only the richest plant communities, 
but those with the most distinct assemblages are 
alarmingly vulnerable to invasion. 

Almost one-third (6 species) of the non
native species recorded in the alder sites were unique 
to this vegetation type (Table 7). DeFerrari et al. 
( 1994) also reported that the occurrence of some non
native species were highly correlated with landscape 
patch-type. When the occurrence of a species is 
concentrated into one or more habitat types, it is 
assumed to reflect some level of ecological 
specialization of the species and indicates that 
invasion is somehow limited by the characteristics of 
the recipient habitat (Pysek and Prach 1994). Many 
of the non-native species specific to the alder sites, 
however, have very effective reproductive and 
dispersal strategies (e.g., high seed abundance, wind 
and water seed dispersal, creeping rhizomes, early 
flowering). The relatively low frequencies in which 
they were observed in this study suggest that time 
may play an important role in our view of the species' 
habitat preferences or its "success" as an invader. 
Depending upon life history characteristics and time 
of introduction, a species may be limited to a 
particular site for several years and then massively 
invade new surrounding habitats. 

What these patterns suggest is that there is 
some relationship between properties of an invading 
species and the properties of the community that it 



invades. Using the patterns that emerge from 
ecological and biogeographical studies, future 
research should emphasize the important 
characteristics of both non-native species and the 
target community to uncover the biological processes 
that underlie non-native invasions. 

Patterns of Non-Native Invasions: Effects of Scale 

It has been widely noted that vegetation
environment interactions and plant community 
structure are scale specific (Pollock et al. 1998). Of 
particular importance in riparian zones are 
environmental gradients which spatially segregate 
species (Ward 1998). A recent study from the 
Colorado Rockies and Central Grasslands 
demonstrated that patterns of invasibility depend both 
upon spatial scale and vegetation type (Stohlgren et 
al. 1999). Results from this study are mixed, and 
prevent generalization about non-native invasion 
patterns in Snake River riparian communities. 
Patterns· of richness were scale-dependant. 
Significant differences in total, native, and non-native 
richness across communities were poorly detected at 
the 1-m2 scale and, expectedly, more pronounced at 
the 1 OOO-m2 scale. The positive relationship between 
species richness and invasion was, conversely, not 
scale dependent. Extrapolation to the vegetation type 
scale may be problematic as the number of sample 
plots used in statistical analysis becomes quite small. 
More replicate plots in each vegetation type may be 
necessary to more co111fletely describe richness and 
invasion at the 1 000-m scale before using them to 
describe landscape-level phenomena. What remains 
largely unresolved, is which factors are responsible 
for spatial variation in species richness on different 
scales (Baker 1990). 

+ IMPLICATIONS FOR MANAGEMENT 
AND CONSERVATION 

Non-native species invasions directly 
interfere with the major National Park Service 
management goal of protecting native biota. Because 
the results of this study suggest species rich riparian 
landscapes are vulnerable to non-native invasions in 
Grand Teton National Park, the following 
recommendations are offered to help managers 
respond efficiently to this conservation priority. 

Vegetation Sampling 

• Measure both habitat (e.g., frequency/duration of 
flooding, channel morphology, water quality, 
vegetation composition, foliar cover and 
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production) and population parameters (e.g., 
distribution, density and diversity of plants) at 
multiple scales. The key to understanding 
patterns of diversity is to understand which 
processes are important for particular species at 
particular scales (Pollock et al. 1998). 

• Sample vegetation with goal of estimating the 
potential effects (e.g., displacement, 
hybridization) of non-native species on native 
plant communities. 

As resources and time are limiting, this 
approach allows managers to identify and target non
native species which pose an immediate threat the 
native species and communities, and give species 
which have small potential impact a lower priority 
for management (Rutledge and McLendon). 

Vegetation Monitoring 

• Establish long-terms plots for monitoring. 

This will facilitate monitoring of current 
distributions of non-native species and provide a 
systematic surveillance system to provide early 
warning of new invading species (Rutledge and 
McLendon). Careful monitoring of the density, 
distribution, and diversity of plants will assist in 
determining how each non-native species should be 
controlled. 

• Monitor different vectors of invasion (e.g., roads, 
livestock grazing, rivers). 

Communities in close proximity to large 
sources of potential invaders often have noted more 
non-native species than those communities more 
isolated from sources of invading species (Crawley 
1987; Tyser and Worley 1992). 

Management of Non-Native Species Invasions 

• Sponsor further research on predicting which 
species will become invasive so policies can 
work to eradicate them (Randall1996). 

A set of unifying management priorities 
should be developed to be used a priori to identify 
whether a particular species will become invasive 
(Beerling 1995). 

• Closely examine control measures to determine 
potential side effects on non-target species. 
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Control measures used to minimize negative 
impact to a wide range of non-target species often 
require labor-intensive methods like handpulling of 
specific plants. Grand Teton National Park could 
benefit from using volunteer crews and community 
members to accomplish early detection and 
elimination of certain non-native species. 

+ CONCLUSIONS 

Five riparian vegetation types sampled along 
the Snake River are threatened by non-native 
invasions. Specifically, the alder community appears 
to be most at risk. Studies have consistently reported 
that in riparian zones substantially altered by humans, 
25-30% of the flora is considered non-native 
(DeFerrari and Naiman 1994). This study reports a 
lower figure (11.9%) for a disproportionately small 
area in a relatively undisturbed site of Grand Teton 
National Park. Of the approximately 130 non-native 
species known in Teton County, 26.9% were 
recorded in this study. Non-native species may be 
displacing or eliminating native and rare species in 
these riparian habitats, the net result being reduction 
in overall species diversity and a simplified 
ecosystem (Beerling 1995; Crawley 1987; Ferreira 
and Moreira 1995; Randall1996; Rejmanek 1995). 

Current evidence suggests that simple 
communities are less persistent than complex ones 
(Beerling 1995). Nearly all human influences on 
riparian landscapes (dams, diking, irrigation) have 
already simplified these systems (Naiman et al. 1993; 
Rutledge and McLendon). The indirect, 
unintentional, or accidental introduction of non
native species may serve to further simplify these 
ecologically and culturally significant landscapes and 
ultimately reduce local and regional biodiversity. 
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+ OVERVIEW: GTNP BREEDING 
BIRD MONITORING PROJECT 

1. Following initial independent work by M. L. Cody 
and 3y funding from NPS, we instigated a scheme for 
long-term monitoring of breeding land bird 
populations in a wide variety of habitats 
representative of the northern Rockies and the 
Greater Yellowstone Ecosystem (GYE). Census sites 
are located almost entirely within Grand Teton 
National Park, where a broad range of representative 
vegetation types is accessible within close geographic 
proximity. 

2. 30 monitoring sites are established within and 
adjacent to the park in pristine habitat. Sites range from 
the Jackson Hole lowlands to subalpine and alpine 
sites, from meadow, sagebrush and marshland, 
through willow scrub, cottonwood and aspen 
woodlands, to lodgepole pine and spruce-fir forests. 
Some sites have a monitoring history of>30 y; others 
were established in the mid-1990's. 

3. The location and accessibility of the study sites 
permits all to be regularly and repeatedly censused 
during the short (6-week) breeding season. Census 
sites are standardized in area (5-10 ha in size) and 
mapped in detail (topographic features, vegetation). 
Census schedu · , timing, and methodological 
protocols are established, and allow for controlled 
inter-site and inter-year comparisons in breeding bird 
populations, species composition, and densities. 

+ 2000 SEASON: COVERAGE AND 
PARTICIPANTS 

Participants. Six persons participated in the 2000 
census effort, as listed below. 

Martin L. Cody 
Dept. Organismic Biology, Ecology & Evolution 
University of California 
Los Angeles, CA 90095-1606 
PH: 310-825-1327; FX: 310-206-3987; 
EM: mlcody@ucla.edu 

C. J. Grimes 
5445 Tulane Ave., 
Toledo, OH 43611 
419-726-4443; 
EM: cjgrimes@hotrnail.com 

Mary Ann Harlow 
UW-NPS Research Station 
PO Box 3166 
Laramie, WY 82071-3166 
EM: MHarlow@uwyo.edu 

Matt Killebrew 
P.O. Box 284 
Moose, WY 83012 
PH: 307/734/0652; 
EM: Matt Killebrew@nps.gov 
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Susan Patla 
Wyoming Game and Fish Dept, 
PO Box 67, 
Jackson, WY 83001 
EM: spatla@state.wy.us 

Sue Wolff 
PO Box 91 
Moose, WY 83102 
307-739-3464; EM: susan wolff@nps.gov 

Site Coverage. 

Nineteen of the 30 monitoring sites were 
assessed in 2000. Coverage was continued on those 
sites with the longest monitoring history, which in 
some cases covers several decades; coverage also 
spanned the full habitat range of GTNP 's monitoring 
sites (see Table 1.). 

Table 1. Coverage of GTNP Breeding Bird Bird Monitoring Sites 
1966-2000. 

COVERAGE OF GTNP BREEDING BIRD MONITORING 
SITES . 1966-2000 

Site/Censu$ 66 91 92 93 94 95 96 97 96 99 who · Y2K Who 
1:WolfRch 1 1 1 I 1 1 . 1 sw 
Z:.JU Sedge 1 1 1 1 1 1 1 1 mlc 1 mlc 
3:Elk Refuge 1 1 1 1 1 lsp 1sp 
4:.JU Gr-sage 1 1 1 1 1 1 1 1 1 · 1 mlc 1 mlc 
5: Ant.Fiat5 1 1 1 1 rs : 1 cjg 
6: Alrpt Sage 1 1 I 1 1 I I mlc 
7: ZOL Meadow 1 I 1 ·1 1 1 1 gs 1 :sW/mlc 

·· 6:Triangle X 1 1 1 cjg 
· 9: RKO 1 1 1 1 1 1 1 mlc 1 mlc 
to-.JU WiA 1 1 I 1 1 1 1 1 1 1 mlc 1 mlc 
11: Olcbow 1 1 1. 1 . 1 1 1 mlc 1 mlc 
12: Elk Rch W 1 1 1 1 1 1 · 1 
13: Elk Rch E 1 . 1 1 1 1 1 1 1 . 1 sw 
14:Cow Lk 1. 1 1 1 1 1 1 trs 

· 1 S: Spread Ck · 1 1 1 1 1 1 1 1 mlc 
1 6: Scllwabch 1 1 1 1 1 1 1 mk/sw 

· 1 7: L Granite 1 1 ., 
1 sw 

. 18: Tlmbered IS 1 1 . 1 1 1 Irs 
19:AMK 1 1 1 1 1 1 1 1 gs 1 mlc 
20: T aggartlk 1 1 1 1 · 1 
21: Signal Mt 1 I 1 1 I 1 1 lgs 1 sw 
22: SpaAdng 1 1 1 
23: UzardCk 1 1 i 1 1 . 1· 
24: llradey 1 1 1 ... 

. 25:Jennyllc 1 1 1 1 1 1 1mklsw 1 sw/mk 
2 6:Gr81\Spruce · 1 1 ., 

1 lmklsw 
. 27:Ret1dezvOU!O 1 1 1 1 tmklsw 
28:Codyl!owt . 1 1 1 . 1 tmk/sw 1 sw/mk 
29:HeronUc' 1 1 1 1 mh ? 
30:Btacirtai1 1 .1 1 mk/sw 1 sw/mk 

Total Sites: 5 2 12 17 24 26 30 30 15 19 19 

The last column of the above table indicates 
the sites censuses during the 2000 season; the 
selection continues an unbroken continuity at 
important "flagship" sites and also extends coverage 
of some less routinely censused areas. Overall, the 30 
sites have been censused over seven calendar years. 

The Y2000 Censuses. 

'Tot 
Yrs 

7 
9 
7 

11 . 
5 
7 
8 
3 
8 

11 
8 
7 
9 
6 
8 
7 
4 
6 
9 
s 
9 
3 
6 .. 
8 
s 
·s 
6 

. . ·3 
4 

AVE 
6.93 

The list of breeding species at the 
monitoring sites (Appendix A) was extended to 151, 
with the inclusion of Northern Oriole at Site 11: 
Oxbow Willow-Aspen. 

Y2000 was a dry year, with wetlands 
especially showing this effect. A review of the 
climate data from the Moran weather station is given 
in Figure 1. Over the last 40 y, precipitation AUG
JUL (basically the 12 months preceding a breeding 
census survey) averaged 633 mm. Precipitation 
1999-2000 was slightly below average (607 mm), 
and annual temperature somewhat above average 
(2.72 °C, cf. average 2.47 °C). 

Breeding densities of representative 
common species are summarized in sites grouped 
into "meadow" (Figure 2a), "willow-aspen
cottonwood" (Figure 2b) and "pine-spruce-frr" Figure 
2c) sites respectively. Densities at most sites were 
much like those of previous years, although densities 
in two forest sites (#s 21) 25) appeared to be sharply 
reduced. 

Analyses of seven sparrow species (fam. 
Emberizidae) at the sites at or near Jackson Lake 
Junction (sites 2,4,10,11), and also near the Moran 
weather station, are analyzed further. A trends 
Figure (3) shows that Vesper Sparrows were low in 
density in Y2000, Brewer's, Lincoln's, and White
crowned Sparrows were higher in density relative to 
recent years, and Song, Fox, Savannah Sparrows 
similar in density. 

It appears that a suite of sparrow species is 
higher in density in certain years, while other species 
are lower in density. Warmer and especially drier 

. years seems to favor some species, which in tum are 
favored in cooler and especially wetter years. 

Regression analyses were conducted on 
sparrow densities at the JLJ sites with climatic 
measures as ·the independent variables. I used a) 
summed precipitation in the wettest of the preceding 
winter months (NOV, DEC, JAN); b) summed 
precipitation in the months FEB through JUN; and c) 
summed MAY -JUN monthly average temperatures. 
Some combination of these independent variables, 
often just one of them, were significant contributors 
to sparrow density in most species, and least effective 
in Song, Fox and Lincoln's Sparrows (see Figure 4). 
Anomalous years, in which observed nd predicted 
densities are more widely disparate, are oticed in the 
figure. 



Densities of most species that occur at more 
than one of the JLJ sites are positively correlated 
among sites and within years. There are two 
exceptions: Savannah Sparrow density in site 2 
increases in years following heavy winter 
precipitation, but declines in site 4 in such years, 
being higher there in years of light winter 
precipitation. It appears that this sparrow prefers the 
sedge meadow (2) in wet years, but in dry years the 
grass-sage site (4) is preferred. Lincoln's Sparrow, 
which breeds in sites 10 and 11, is also uncorrelated 
in density between sites within years. In fact, 
densities are correlated with 517 climatic variables 
with opposite sign at the two sites. In the Wet 
Willows site (10) Lincoln' s Sparrow density is 
negatively correlated with all precipitation measures, 
but in the drier site (Oxbow Willow-Aspen, #11) 
positively correlated. It appears that this sparrow 
avoids the Wet Willows and settles preferentially in 
the drier Willow-Aspen site in wet years. 

The three species with poor correlation with 
on-site weather variables are those Melospiza 
sparrows that are short distance or resident species, in 
contrast with the other sparrows that are longer 
distance migrants. Song and Fox Sparrow are 
particularly interesting, as both are usually common 
in site 10 and there is a mild antagonistic interaction 
between them over territories . Song Sparrow in 
usually denser following wet winters and cool 
springs, while the opposite is true for Lincoln's 
Sparrow. However, there appears to be a carryover 
of high density in Song Sparrow in a good Song 
Sparrow year to a high density the following year, 
even though the following years may not be a good 
Song Sparrow year according to local weather 
conditions. In 1997, for example, local weather 
predicted a high density of Song Sparrow, 2.04 pr/ha, 
and a high density was observed (2.14). The 
following year, 1998, was predicted about average 
for Song Sparrow density (1.72 pr/ha), but observed 
density was a high 2.57 pr/ha. It appears that the 
previous year's successes carried over to the 
following breeding season in this resident species. 

Densities of Song and Lincoln's Sparrow are 
modestly and negatively correlated at this site. Not 
al.l of this negative correlation is due to their opposite 
responses to local weather. A regression analysis of 
Lincoln's Sparrow departure from predicted density, 
LSdev. against that for Song Sparrow, SSdev' reveals 
nothing significant, but a particularly strong negative 
correlation is apparent when L Sdev is plotted against 
SSdev for the previous year: LSdev = 0.103 -
0.687*SSdev ; p = 0.008. It appears that Lincoln's 
Sparrows are reduced in density when Song Sparrows 
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were especially common the previous year, even 
though in the (present) year in question conditions 
may suit Lincoln 's rather than Song Sparrows. 

With additional years of data, more of these 
sorts of influences, of local weather on breeding 
densities and of present and prior densities of one 
species affecting those of another, will become 
discernible. 

Figure 1. 
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Figure 2b 
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Appendix A 

GTNP MONITORING SITES: SPECIES LIST 1995-2000 
PELECANIDAE White Pelican Pelecanus erythrorhynchus · 

ARDEIDAE Great Blue Heron Ardea herodias 

GRUIDAE Sandhill Crane Grus canadensis 
: 

ANATIDAE Trumpeter Swan Cygnus buccinator 
Canada Goose· Branta canadensis 
Mallard Anas p/atyrhynchos 
Gadwall Anas strepera . 
American Wigeon Anas americana 
Cinnamon Teal Anas cyanoptera 
Green-winged Teal Anas crecca 
Blue-winged Teal Anas discors 
Redhead Aythya americana 
Ring-necked Duck Aythya co/Jaris 
Lesser Scaup Aythya affinis 
Common Merganser Mergus serrator 
Barrow's Goldeneye Bucepha/a is/andica 
Common Goldeneye Bucephala c/angu/a 
Bufflehead Bucepha/a a/beo/a 
Wood Duck Aix sponsa 

RALLIDAE Virginia Rail R~llus limicola 
Sora Porzana caroHna 
American Coot Fulica americana 

CHARADRIIDAE · Kildeer Charadrius vociferus 
Willet Catoptiophorus semipalmatus 

SCOLOPACIDAE Long-billed Curlew Numenius americanus 
Spotted Sandpiper Actitis macularia 
Wilson's phalarope Phlaropus tricolor 
Common Snipe Gallinago gallinago 

LARIDAE Franklin's Gull Larus pipixcan 
California Gull Larus ca/ifornicus 
Ring-billed gull Larus de/awarensis 

CA THARTIDAE Turkey Vulture Cathartes aura 

ACCIPITRIDAE Golden Eagle Aquila chrysaetos 
Bald Eagle Haliaeetus /eucocephalus 
Northern Harrier Circus cyaneus 
Red-tailed Hawk Buteo jamaicensis 
Swainson's Hawk Buteo swainsoni 
Osprey 

' · 
Pandion haliaetus 
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Appendix A (continued) 

Sharp-shinned Hawk Accipiter striatus 
Cooper's Hawk Accipiter cooperi 
Northern Goshawk Accipiter gentilis 

FALCONIDAE American Kestrel Falco tinnuncu/us 
Prairie Falcon Falco mexicanus 

PHASIANIDAE Ruffed Grouse Bonasa umbel/us 
Blue Grouse Dendrogapus obscurus 
Sage Grouse Centrocercus urophasianus 

COLUMBIDAE Mourning Dove Zeneadura macroura 

STRIGIDAE Great Gray Owl Strix nebu/osa 
Great Horned Owl Bubo virginianus 
Long-eared Owl Asio otus 
Short-eared owl Asio flammeus 
Northern Pygmy-Owl Glaucidium gnoma 

CAPRIMULGIDAE Common nighthawk Pha/aenopti/us nuttalli 

TROCHILIDAE . Calliope Hummingbird Stellu/a caliope 
Broad-tailed hummingbird Selasphorus p/atycercus 
Rufous hummingbird Selasphorus rufus 

ALCENIDAE Belted Kingfisher Ceryle. a/cyan 

PICIDAE Northern . Flicker Colaptes a·uratus 
Williamson's Sapsucker Sphyrapicus thyroides 
Red-naped Sapsucker Sphyrapicus nucha/is 
Downy Woodpecker Picoides pubescens 
Hairy Woodpecker Picoides villosus 
Three-toed Woodpecker Picoides tridactyl us . 
Black-backed Woodpecker Picoides arcticus 

TYRANNIDAE Western Wood Pewee Contopus sordidu/us 
Olive-sided Flycatcher Nutta/lornis borealis 
Say's Phoebe Sayornis saya 

· Dusky Flycatcher Empidonax oberho/seri 
Hammond's Flycatcher Empidonax hammondii 
Least Flycatcher Empidonax traillii 
Willow flycatcher Empidonax difficilis · 
Cordilleran Flycatcher Empidonax ex. difficilis 

HIRUNDINIDAE Tree Swallow Tachycineta bicolor 
Violet-green swallow Tachycineta thalassina 
Rough-winged Swallow Stelgidopteryx serripennis 
Cliff Swallow Hirundo pyrrhonota 
Barn Swallow Hirundo rustica 
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Appendix A (continued) 

Bank Swallow Riparia riparia 

CORVIDAE Steller's Jay Cyanositta stelleri 
Gray Jay Perisoreus canadensis 
Clark's Nutcracker Nucifraga columniana 
Black-billed Magpie Pica pica 
American Crow Corvus brachyrhynchos ; 

. Common Raven Corvus corax 

PARIDAE Black- capped Chickadee Parus atricapil/us 
Mountain Chickadee Parus gambe/i 

CERTHIDAE Brown Creeper Certhia americana 

SITTIDAE White-breasted Nuthatch Sitta carolinensis 
Red-breasted Nuthatch Sitta canadensis 

TROGLODYTIDAE Marsh Wren Cistothorus pa/ustris 
Rock Wren Salpinctes obsoletus 
House Wren Troglodytes aedon 

MUSCICAPIDAE 
Sylviinae Golden-crowned Kinglet Regulus satrapa 

Ruby-crowned Kinglet Regulus calendula 

Turdinae Mountain Bluebird Sialia currucoides 
Townsend's Solitaire Myadestes townsendi 
Veery Catharus fuscescens 
Hermit Thrush · Catharus guttatus 
Swainson's Thrush Catharus ustu/atus . 
American Robin . Turdus migratorius 

MIMIDAE Gray Catbird Dumatella carolinensis 
Sage Thrasher Oreoscoptes montanus 

MOTACILLIDAE Water Pipit Anthus spina/etta 

CINCLIDAE American Dipper Cine/us mexicanus 

BOMBYCILLiDAE Cedar Waxwing Bombyci/Ja cedrorum 

STURNIDAE European Starling Sturnus vulgaris 

VIREONIDAE Solitary Vireo Vireo solitarius 
Warbling Vireo Vireo gilvus 

PASSERIDAE · House sparrow Passer domesticus 

EMBERIZIDAE Orange-crowned Warbler Vermivora celata 
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+ OBJECTIVES 

Using GPS-technology, satellite imagery 
and photographic archives we wanted to document 
historic 20th Century changes in position, mass, and 
volume of cirque Glaciers of Grand Teton National 
Park. Our chief goal is to understand climatic 
processes impacting small-volume cirque glaciers in 
continental North America. 

+ REPORT 

The Teton Range of Grand Teton National 
Park (GTNP) is home to about a dozen small-volume 
glaciers nestled in shaded east- or north-facing 
cirques, including: Falling Ice, Teton, School Room, 
Skillet, Middle Teton, Moran, Teepee, and Triple 
glacier. These glaciers date to about 4000 years B.P. 
and represent post-Pleistocene glaciation of 
northwestern Wyoming. The Grand Teton cirque 
glaciers are an important GTNP resource, drawing 
backcountry visitors each year and providing 
meltwaters to the upper Snake River Basin in August 
and September. 

From 1929 until the mid-1950's Teton 
glacier was in retreat (Reed Jr., 1964). Retreat (i.e., 
mass balance losSes) of alpine glaciers is chiefly the 
result of climate forcing, with a minor contribution 
attributed to topographic modification of climate 
(Allen, 1997). From 1954 through 1963, ice 

thickness at Teton glacier increased to the point that 
Reed Jr. (1964) forecast a probable advance by the 
late 1960's. Elder et al. ( 1994) used data from a 
single season to evaluate the accumulation gradient 
of Teton Glacier. Their preliminary results suggest 
that accumulation at the glacier is greater than 
expected from local snowfall data. Activity of other 
GTNP alpine glaciers is undocumented, and potential 
hazards and hazard assessment are unstudied. 

In July 2000, we mapped Teton Glacier and 
Schoolroom Glacier using global positioning satellite 
(GPS) receivers. Teton Glacier, located below Grand 
Teton, is the largest of the Parks cirque glaciers with 
an areal extent of nearly 310,000 square meters. 
Schoolroom is the smallest recognized glacier in the 
Teton Range and has an area of about 8800 square 
meters. Volumes are poorly constrained because of the 
absence of robust thickness data. 

GPS mapping of Teton Glacier and 
Schoolroom Glacier was only partially successful. 
Post processing using base station data from the 
Idaho National Engineering and Environmental 
Laboratory, in Idaho Falls, Idaho, provided high 
quality, one-meter ground-cell resolution data; more 
than sufficient for our study. However, residual 
snowfields mantled the snouts of both glaciers, 
hampering accurate mapping of these crucial areas. 
We also encountered problems when mapping 
adjacent to or inimediately underneath rockwalls. 
High arching rock walls corrupted our satellite arrays 
or otherwise degraded the GPS satellite signal. 
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Uncorrupted data, while of excellent quality, 
provides a less-than-complete map of the ice bodies. 
We have plans to return in the summer of 2002 to 
complete mapping using laser rangefinder 
technology slaved to a GPS receiver. The laser 
rangefinder has an effective range of 500-meters and 
can be deployed atop terminal moraines providing an 
unobstructed view of the GPS satellite array. In this 
way, we can map the interface between glacial ice 
and the rockwall without losing or degrading the 
satellite signal. 

Our efforts to use Landsat -7 Thematic 
Mapper images to differentiate glacial ice from 
surrounding snowfields was largely successful. 
However, ground-cell resolution of the Landsat TM 
data is a bit coarse at 25-meters. We are currently 
trying to merge this data with higher resolution 
ground-cell data to better resolve ice boundaries. 
Reseating photographic sites established in 1964 
(Reed Jr., 1964) yielded photographs that can be 
compared with existing photographic archives to 
quantify positional changes in the snout. 

Detailed hazard evaluation is incomplete. 
Precursory examinations at Teton and Schoolroom 
Glaciers reveal that hazards that exist are confined to 
the cirque proper and include: local ice or snow 
collapse, hidden crevasses, and rockfall from 
surrounding rockwalls. Glaciers whose snouts extend 
to the lower lip of the cirque, such as Falling Ice and 
Triple Glacier, are potential ice collapse sites that 
could impact areas downslope of the cirque. 
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+ INTRODUCTION 

Sylvatic plague (Yersinia pestis) and 
tularemia (Francisella tularensis) are infectious 
bacterial diseases that can be transmitted from wild 
mammals to humans by insects or through direct 
contact. Although cases of plague and tularemia have 
been reported in the southwest, a comprehensive 
understanding of the prevalence, distribution and 
dynamics of these diseases is lacking. 

During the months of June and July 2000 we 
sampled small mammals in Grand Teton National 
Park (GTNP) for antibodies of these zoonotic 
diseases. This survey was conducted in conjunction 
with a large scale population dynamics study, lead by 
Dr. Brian Miller, Denver Zoological society, and Dr. 
Hank Harlow, Department of Zoology and 
Physiology, University of Wyoming. 

A published survey of plague and tularemia 
has not been conducted in GTNP. In 1996, Dr. 
Fredrick Jannett looked for plague in the genus 
Microtus and found low incidence (<1 %). Sample 
sizes and analysis methods were not provided in the 
report (Jannett 1996). However, he expected disease 
prevalence to be distributed randomly among habitat 
types but to be higher in populated versus 
unpopulated areas in the park. 

GTNP is a popular National Park that 
receives over 2 million human visitors annually. 
Within the park boundaries a high level of interaction 
between humans and wildlife exists near visitor 
centers and roadside vehicle pullouts, creating an 
increased risk of exposure to zoonotic diseases 
(Kumar et al. 1997; Aguirre and Starkey (1994). 
Therefore, we felt that this type of survey might 
prove invaluable to park managers. 

+ METHODS 

Except for one site, discussed below, all the 
animals sampled were captured as part of a 
population study conducted by Dr. Miller and Dr. 
Harlow (see related report in this issue). Capture 
methods are discussed in detail in their report. We 
sampled captured animals only on the last day of 
each trapping site, in order to prevent possible bias in 
the population study as a result of possible injuries or 
mortalities during blood sampling. The following 
sites were screened: Lozier Hill, Christian Pond, 
Pacific Creek, and Grand View (for specific locations 
see Dr. Harlow and Dr. Miller's report). 

One site, however, was screened 
independently. This was also the only populated 
habitat surveyed at the AMK ranch near Jackson 
Lake. We used 22.5 em long and 7.5 by 7.5 em wide 
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Table 1. Site locations and number of indiciduals of each species tested. Names in parentesis relate to different locations on 
the same area. 

Site 
Peromyscus Microtus 

Citellus armatus 
maniculatus pennsylvanicus 

AMKranch 42 4 13 

Lozier Hill 4 

Christian Pond 13 

Pacific Creek 
14 (sage 1) 

1 (sage 1) 
7 (sage 2) 

Grand View 17 

folding Sherman traps and the same bait as was used 
in all sites. Traps were opened late in the day and 
closed after checking the next morning. All the 
captured animals at the AMK ranch were sampled. 
They were later released away from the buildings. 

Captured animals were placed in a 
transparent anesthesia box containing cotton balls 
soaked with Isoflorane (IsoFlo, 5260-04-03, Abbott 
Laboratories, North Chicago, I L 6 0004). Blood was 
collected from the anesthetized animals via the retro
orbital sinus using heparanized microhematocrit 
tubes (J-543, Am-Heparanized, iso 12772, Jorgensen 
Laboratories inc., Loveland, CO 80538). The tubes 
were kept in an icebox until returning to the lab at the 
research station later each morning. The animals 
were allowed to recover from the anesthesia and then 
released near their capture site. 

Microhematocrit tubes were centrifuged to 
separate cells from plasma. The amount of recovered 
plasma was measured (Precision pipette: Eppendorf 
series 2100 pipette 20-20<~ DL), Cat. No. 2247205-4), 
and then diluted by a 1:8 ratio with saline (normal 
saline solution, NDC 5 0989-368-16, V edco Inc., St. 
Joseph, MO 64504). The diluted samples were stored 
in a freezer in Eppendorf Tubes (Safe-Lock 2.0 mL, 
PP/US Pat. No 4,713,219. Cat. No.: 2236335-2). The 
samples were shipped overnight to Wyoming Game and 
Fish Wildlife Disease Laboratory in Laramie, 
Wyoming, where they were analyzed for plague and 
tularemia using CDC-ELISA and PHA/PHI titers. 

+ RESULTS 

A total of 128 animals were sampled, (Table 
1) according to the following breakdown: 67 deer 
mice (Peromyscus maniculatus), 35 meadow voles 

Tamias minimus 
Zap us C/ethrionomys gapperi 
princeps 

3 5 

3 (pine) 2 (pine) 

(Microtus pennsylvanicus), 13 Uinta ground squirrels 
(Cite/Ius armatus), 6 least chipmunks (Tamias 
minimus), 5 western jumping mice (Zapus princeps), 
and 2 boreal redback voles ( Clethrionomys gap peri) . 

As expected, different habitats support 
different species. Therefore, there was a significant 
variation in the type of animals sampled at the 
various sites. 

All the samples from all the sites tested 
negative for both plague and tularemia. 

+ DISCUSSION 

The all negative result was unexpected, 
especially in light of Jannett's study. Variability in 
the bleeding, shipment or screening protocols were 
believed to be reasonable and not expected to affect 
the results. However, several other reasons may 
explain this outcome. 

First, sample size may have affected the 
results. Although we had no specific previous data, 
we assumed that deer mice, known to be endemically 
infected with plague, will show 2-4% prevalence. 
Runnning the Poisson formula on the 67 deer mice 
samples collected yielded a border line result, too 
close to the 5% cut-off required for becoming 
statistically significant [For 2.0: Pr(X = 0) = e -2 2 ° I 
2! = 0.135 = 13.5o/o; For 2.7(-4%): (0.0083 x 0.7) + 
(0.135 x 0 .3) = 4 .63°/o]. Hence, we cannot rule out 
low sample size as the reason for the negative result, 
yet we cannot positively and convincingly claim that 
this is the sole explanation. 

The ELISA protocol is a sensitive tool for 
detecting antibodies. Nevertheless, the titer of 
antibodies in these animals may be too low to be 
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detected even by ELISA. The amount of plasma that 
we can safely collect from small mammals is limited 
by the size of the animal and its total blood volume if 
we want to prevent hypovolemic shock. Many of the 
samples ( 68) had a volume of 200-240 ~L after 
dilution. A total of 95 samples (74% of the total) 
were 240 ~Lor smaller. Whether bigger samples are 
required in order to prevent false negatives is yet to 
be decided. 

Another possible explanation is a change in 
the host population size. This was ruled out due to a 
finding of no significant difference in the population 
size this year as compared to last year (B. Miller, 
personal comm.). 

However, another environmental factor 
might have bearing on the issue. The spring of 2000 
was hotter and drier than the two previous 
corresponding seasons (Table 2). The months of 
April, May and June 2000 saw less total precipitaion 
and higher average temprature than the same months 
during 1998 and 1999: 

Table 2. Average monthly temperatures and 
predipitation during these months over three years in 
GTNP. 

Perhaps this climate change created an 
environmental stress that induced a behavioural 
change, which in turn influenced probabilities of 
infection, or a change in the vector population 
(insects), that would again decrease the probability of 
infection. 

It is also safe to consider the possibility that 
the dynamics of these diseases are more complex 
than what is usually assumed. Arguably, instead of a 
simple constant endemic situation, the bactrium 
population fluctuates. It is worth noting at this point, 
that a different study at the Shirley-Basin area, 
conducted by Wyoming Game and Fish Department 
also found zero prevelence of plague in Peromyscus 
maniculatus this year (unpublished), although in the 
past ten years they always found 2-4% prevalence. 

+ CONCLUSIONS 

Our survey of the prevalence of plague and 
tularemia in small mammals at GTNP yielded 
negative results. Although this might be attributable 
to a relatively small sample size, we cannot, at this 
point, rule out more complex explanations. 

We believe that a follow-up survey would 
gain a more comprehensive picture of the zoonotic 
risk at GTNP and for possible ilucidation of the 
dynamics of these diseases. 
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+ ABSTRACT 

Nine Boreal toads (Bufo boreas) were 
captured during the summer of 1999 at the Snake 
River Quarry and fitted with telemetry transmitters. 
Locations were determined approximately once each 
week. Females may be leaving the quarry site around 
mid-summer while males remain in the area 
throughout the summer. Toads preferred two aquatic 
sites until around mid-July then dispersed to dryer 
terrestrial areas with a preference for 3 sites 
characterized by loose soil, which provided good 
burrow shelter. This quarry is to undergo major 
reclamation efforts. It is recommended to: 1) stay 
major construction disturbance until the females 
undertake their s easonal departure from the a rea, 2 ) 
preserve the breeding and preferred aquatic habitat 
and 3) capture male toads from the preferred 
terrestrial areas and reintroduce them back after 
reclamation is completed. 

+ INTRODUCTION 

The Boreal Toad (Bufo boreas) is of special 
interest in the Greater Yellowstone Ecosystem 
because it has undergone a significant decrease in the 
number and size of populations over the last 50 years 
throughout much of its range (Stebbins and Cohen 
1995), including the Greater Yellowstone/Teton Area 
(Peterson, et al. 1992, Koch and Peterson, 1995, 
Koch, et al. 1996). In the eastern portion of this 
species' range (but not in western Wyoming) the 

Boreal Toad is classified as a Candidate for 
Threatened and Endangered status by the United 
States Department of the Interior, Fish and Wildlife 
Service. 

A population of Boreal Toads uses the 
Snake River quarry area in Grand Teton National 
Park as a breeding site. This study was undertaken to 
provide information to assist managers in minimizing 
the potential negative effects of the planned 
expansion and restoration activities there. The 
specific objectives of this study were to document the 
use of the Snake River Quarry area by Boreal Toads, 
to determine their movement patterns and habitat use 
of this area, and determine if and when toads use 
areas that will be affected by restoration and 
expansion activities. 

+ MATERIALS AND METHODS 

Study Area: 

The Snake River quarry area is located south 
of Flagg Ranch, about 300m west of the Snake River 
(Map 1 ). It is a disturbed area, with four large water
filled excavated quarry pits, dirt roads and piles of 
tailing. Temporarily flooded areas border the entry 
road and some of the pits. The surface of the area has 
been graded; topsoil and native vegetation have been 
largely removed. The main toad-breeding site is 
located at the northeast comer of the northwest pit 
(Map 1 ), where grading· has created a shallow area. 
Some breeding also occurs in the temporarily flooded 
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areas. The site is surrounded by high quality riparian 
and wetland habitat, with small streams and ponds, 
vegetated by willow, grasses and sedges. 

Radiotelemetry: 

BD-2G transmitters, manufactured by 
Holohil Systems, Ltd. (Carp, Ontario, Canada) were 
used to determine locations of toads during the active 
summer season. Transmitter frequencies included 
151.081, .089,.395,.551,.581,.599,.712 and .849. The 
transmitters weigh about L5g, have a 6 em whip 
antenna, a range of about 400m and a battery life of 
approximately 3 months. These transmitters have 
been used successfully with Boreal Toads on . the 
Targhee National Forest (Bartelt and Peterson 1994, 
1996). Each transmitter was attached around the 
waist of the toad with a small, soft nylon belt, 
equipped with a wire clip that allowed the belt to 
come off if sufficient resistance was encountered 
(e.g., if the antenna "caught" between rocks or 
twigs). 

Toads were relocated by using a Telonix 
Model receiver and flex antenna, at approximate 
weekly intervals. Each toad's location was 
transcribed on to a map of the area and used to 
describe patterns of movement and habitat use. 

Study Animals: 

Nine adult Boreal toads ( 6 males, 3 females) 
were captured at varying times between June and 
August. Transmitters were attached to toads for the 
remainder of the summer and removed prior to the 
onset of winter hibernation. 

+ RESULTS 

Of the nine toads that were followed, 3 were 
not located more than 3 times. One transmitter failed 
almost immediately, a raven ate one toad and one 
toad left the study area. The other animals were 
tracked successfully at least . 9 times through the 
season (Table 1). 

Table 1. Results of tracking. 
Toad Relocations Comments 
Frequency 

.081 9 Transmitter removed 

.089 12 Transmitter dropped 

.397 8 Moved off study area 

.551 18 Transmitter dropped 

.581 11 Transmitter removed 

.599 1 Transmitter failed 

.712#1 2 Eaten by raven 

.712#2 3 Moved off study area 

.799 12 Transmitter dropped 

Transmitter #0 18 was attached to a male 
toad on August 29th , captured at night along the 
service road leading to the quarry ponds. This toad 
was relocated 9 times between August 29 and 
September 17 in an extensive slash pile of logs and 
loose dirt approximately 200 meters southeast from 
its capture site (Map 2A). 

Transmitter #089 was placed on a male toad 
captured at night on August 3 rd along the service road 
within the quarry pond area. It was relocated on 12 
occasions between August 6th and September 23rd 
within the same general area along the north bank of 
the northeast pond (Map 2B). On September 23rd an 
area of approximately 10 square meters was 
excavated by hand. This area included about 10 dry 
holes in the loose soil. The transmitter was found at a 
depth of .5 meters within one of the holes. The 
transmitter was intact and could have been shed some 
time after August 12. 

Transmitter #397 was fitted to a male toad 
captured at night on August 29th along the northern 
bank of the northeast pond. This toad moved east 
across the disturbed quarry area and was relocated on 
7 additional occasions in the lower moist willow 
drainage and associated dryer bluff area between 
September 8th and 27th (Map 2C). 

Transmitter #551 was placed on a male toad 
located during the day on June 20th in a moist 
drainage area that runs along the southern edge of the 
northeast pond and empties into the northwest pond. 
This toad remained in the water within the drainage 
from June 20 through July 3rd and then moved 
eastward to a small pool near the most eastern pond 
(Map 2D). This pool was approximately 2 by 4 m and 
1 m deep. The surrounding area was covered with 
thick willow stands. The transmitter signal was 
relocated on 14 occasions around the pond between 
July 13 and September 23rd. The signal appeared to 
be in different locations along the banks of the pond 
even though the toad was never directly observed. On 
September 23rd the pool was almost completely dry. 
The banks were excavated by hand and the 
transmitter located within a hole about half way 
down the original pool depth suggesting that the toad 
may have remained in this area until about mid
August before shedding the transmitter. 



Transmitter #581 was placed on a male toad 
located during the day of June 26th along the western 
bank of the southwest pond. The toad remained in 
this pond within a 10 m stretch of the shoreline until 
July 2nd and then moved to the moist drainage area 
along the southern edge of the northeast pond 
occupied earlier by toad #551. It was relocated 4 
times in this area between July 13th and 25th. Once 
the drainage dried up it moved to the top of a gravel 
pile approximately 30 m wide, 70 m long and 10 m 
high that was located between the northeast and far 
east ponds (Map 2E). The top of this pile was 
composed of loose gravely soil and was perforated 
with hundreds of toad-sized holes. The toad moved 
from this pile down to loose gravel near the 
northeastern pond and then back up onto the top of 
the gravel file. The transmitter was removed on 
August 18 due to excessive abrasion to the 
hindquarters of the animal. 

Transmitter #599 was fixed to a female toad 
captured during the day on June 20 near the northern 
bank of the northwest pond (Map 2F). However, the 
transmitter ceased sending signals 5 minutes after the 
toad was released and entered the northwest pond. 
The toad was never recaptured. 

Transmitter #712 was frrst attached to a 
female toad on June 30 located during the day in the 
drainage area along the southern edge of the 
northeast pond also occupied by toads number 551 
and 581. The only other reading was obtained one 
week later on July 3 rd when the carcass was located 
between the northeast and northwest ponds (Map 
2G). Only the skin with the attached transmitter 
remained. The internal organs and muscle were not 
present, apparently eaten by ravens that frequented 
the area. 

Transmitter #712 was then attached to a 
female on July 3rd captured during the day on the 
western shoreline of the southwestern pond. It was 
relocated on July 5th but it then left the pond and was 
detected as a faint signal far to the north of the quarry 
on July 15th. This signal was only perceptible from 
the top of the gravel mound (Map 2H). 

Transmitter #849 was placed on a male toad 
captured during the day on August 2nd in a dry hole 
about 15 m north of the northeast pond. Within a 
week it moved to the northern bank of the northwest 
pond. It then moved back to the northern dry bank 
area of the northeast pond on August 12th. On August 
18th it was located on the top of the gravel mound and 
then moved back to the dry dirt north of the northeast 
pond. On September 8th it was found deep in the 
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willows, but by September 19th it was ba~k on top of 
the gravel mound until September 27 , and then 
moved north to the service road on October 17th. This 
animal exhibited the greatest amount of movement 
activity of all the male toads. 

+ DISCUSSION 

Boreal Toads use the Snake River quarry 
area as a breeding site beginning in May and 
continuing to July (Koch and Peterson, 1995). 
Tadpoles have metamorphosed by mid-August 
(Peterson and Koch, 1995). The frrst objective of this 
study was to document the use of the Snake River 
Quarry area by adult toads. We found adults at this site 
from May through September. However, it appeared 
that females were caught primarily during the early 
part of summer (up until the first of July) while males 
were caught through August. Of the 3 telemetered 
females, 2 provided little data due to early predatory 
loss or telemetry failure . However, the one female 
that was tracked demonstrated a migration from the 
quarry site during early July. In contrast, the 6 males 
that were tracked remained in the study area. 

A second objective of this study was to 
determine the movement patterns of toads and habitat 
use of this area, and determine if and when toads use 
areas that will be affected by restoration and 
expansion activities. Generally, toads were associated 
with the pond drainages during June through mid
July. Toads tended to leave these spots and were 
found more frequently in dry areas, burrowed into the 
soil from mid-July through September when the 
study was terminated. 

Two aquatic regions of the quarry were 
heavily used during the early summer; 1) the 
drainage area along the southern edge of the 
northwest pond and 2) the western shore of the 
southwest pond. 

Toads used burrows in dryer areas during 
later summer, which were found in 3 areas with loose 
soil associated with highly disturbed habitat; 1) dirt 
mounds along the northwest pond, 2) on top of the 
gravel mound located between the northeast and the 
far east pond and 3) loose soil in the slash pile of logs 
and branches west of the highway and adjacent to the 
entrance road. 

Reclamation in this quarry site from June 
through August will have a profound impact on toad 
mortality. We recommend that such activities take 
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place as late as possible in the summer, when the 
adult female toads have moved away from ponds and 
into the surrounding area. The ponds should be 
reconstructed over more than one season to reduce 
the immediate impact. Attempts should be made to 
preserve the aquatic areas identified as breeding sites 
and preferred early summer toad habitat. The areas of 
terrestrial use during later. summer by males are 
primarily loose soil and gravel in disturbed habitat. 
As a result, no attempt is necessary to preserve these 
areas. However, it is recommended that effort should 
be made to capture male toads in these identified 
areas and hold them in a temporary pond until 
reintroduction back into the reclaimed site in order to 
reduce mortality to this population. 
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+ ABSTRACT 

A study of coyote (Canis latrans) habitat 
use and mortality in Grand Teton National Park and 
the suburban-agricultural land surrounding Jackson, 
WY was conducted between September 1999 and 
August 2000. This research focused on the influence 
of human development, habitat type, topography, and 
simulated wolf presence on coyote habitat use and on 
coyote mortality patterns in undeveloped and 
suburban-agricultural land. The overall goal of this 
project was to provide baseline information on the 
coyote population in Jackson Hole that can be used in 
the future to determine what, if any, impact wolves 
and human developments may have on coyotes. 
There were a total of fifteen radio-collared coyotes in 
the suburban-agricultural area and fourteen radio 
collared coyotes in Grand Teton National Park and 
adjacent areas in the National Elk Refuge and 
Bridger-Teton National Forest. Marked coyotes were 
tracked weekly using short interval telemetry 
relocations and triangulation to determine habitat use 
patterns. During the winter, track transects were skied 
weekly and coyote trails were backtracked and 
mapped using hand held GPS units to determine fme 
scale habitat use patterns. Coyote mortality was 
determined via telemetry and direct observation. 
Preliminary data analyses suggest that coyotes use 
mainly sagebrush-grasslands or forest-shrub-grass 
edge areas and avoid forest interior areas. Coyotes 
frequently use trails and roads in the undeveloped 
area when moving long distances. Preliminary 
analysis also indicates that roads and trails are used in 

a greater proportion than their abundance on the 
landscape. Coyotes were frequently observed using 
riparian corridors to move between open meadows in 
the suburban-agricultural area. There is some 
evidence that suggests coyotes selectively travel 
fences and irrigation ditches for long distances in 
agricultural areas. The movement data also suggests 
that coyotes avoid developed areas during the day 
and travel in these developed areas at night. The data 
on coyote locations suggests some avoidance of wolf 
urine scent grids in the undeveloped area, but not in 
the developed area. Coyote mortality was primarily 
human caused, and coyotes that were male, transient, 
and lived in the suburban-agricultural area were the 
most commonly killed animals. 

+ INTRODUCTION 

Coyotes (Canis /a trans) are an abundant 
predator widely distributed in North America because 
of their generalist diet, flexible social organization, 
and diverse habitat use (Bowen 1981, Messier and 
Barrette 1982). They originally occupied grassland 
habitats in the western United States and have 
adapted to live in a diverse mix of habitats, including 
desert, forest, agricultural, and urban areas in the past 
century (Moore and Parker 1992, Sheldon 1992). 
The decrease in the abundance and distribution of 
wolves as well as the increase in human 
developments has directly influenced the expansion 
of coyotes from the western United States throughout 
North and Central America (Gier 1975, Nowak 1978, 
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Bounds 1994). Decreased interference competition 
from wolves has allowed coyotes to occupy new 
territories, and human developments provide a new 
source of food in the form of garbage, pets, pet food, 
and livestock. Habitat alteration from clear cuts and 
fragmentation of habitat may also increase the food 
available to coyotes (Toweil and Anthony 1988). 

This project, combined with the research of 
McClennen (2000) and Wigglesworth (2000), 
provides baseline information on the coyote 
population in Jackson Hole. Information on how 
coyotes use ranchland and suburban habitat types in 
Jackson Hole may be useful for future planning in 
Teton County. This county has the fastest growing 
population in Wyoming with a 61% increase from 
1990 to 2000 (U.S. Census Bureau 2000). This 
information on coyote habitat use may also be useful 
in developing management strategies to deal with 
human-coyote conflicts that are reasonable both in 
conserving coyotes and protecting human interests. 
Information on the baseline parameters of the coyote 
population in Jackson Hole will also be useful for 
measuring the impact of wolf re-colonization on 
coyotes in the future. Wolf re-colonization is a rare 
ecological event that may have significant impacts on 
the established coyote population in Jackson Hole. 
Wolves have been shown to influence coyote habitat 
use in Isle Royale National Park, MI (Mech 1966), 
Northern Minnesota (Berg and Chesness 1978), 
Riding Mountain National Park, Alberta (Carbyn 
1982), and Yellowstone National Park, WY (Crabtree 
and Sheldon 1999). 

There have been seven significant studies 
conducted on coyotes in Jackson Hole. These studies 
include an extensive investigation of the stomach 
contents of coyotes (Murie 1935). Weaver (1977) 
compared coyote densities to prey availability in 
three different locations. Camenzind (1978) and 
Bekoff and Wells (1980) both investigated coyote 
social behavior and organization in the National Elk 
Refuge and Grand Teton National Park. Tzilkowski 
(1980) investigated mortality patterns of coyotes in 
Grand Teton National Park. McClennen (2000) 
investigated the effects of suburban and agricultural 
development on coyote home range size, activity 
patterns, movement, and density. Wigglesworth 
(2000) investigated coyote habitat use, diet, social 
organization, and disease seroprevalence in Grand 
Teton National Park and suburban -and agricultural 
areas. This project investigates the influence of 
human development, habitat type, topography, and 
simulated wolf presence on fine scale movements and 
home range scale coyote habitat use prior to 
extensive colonization of the Jackson Hole area by 

wolves. This project also investigates the causes of 
mortality for marked coyotes, and the habitat use, 
gender, social status, and activity cycles of coyotes 
that died during the study. 

+ METHODS 

Study Area 

The valley of Jackson Hole (43° 40' 
latitude, 110° 43' longitude) was divided into two 
study areas: the undeveloped area (UNDA) and the 
suburban-agricultural area (SAA). These areas were 
selected primarily because they represent a gradient of 
human land use practices including protected public 
land and private agricultural-suburban land. This 
area presents an interesting location in which to study 
both the influence of human development and wolves 
on coyote habitat use and mortality patterns. The 
distribution of land use along with the presence of a 
coyote population that has lived in the absence of 
wolves for the last sixty years, and the current wolf 
re-colonization combine to create a unique research 
opportunity. 

The UNDA includes parts of southeastern 
Grand Teton National Park (GTNP), the National Elk 
Refuge (NER), and the western edge of Bridger
Teton National Forest (BTNF) adjacent to GTNP. 
This area has a relatively low density of housing, 
ranging from 0-0.08 per hectare in the sections used 
by coyotes and has a lower density of roads (3.9 
kmlha) than the SAA. Kelly, WY (Pop. 200), the 
Gras Ventre Campground, and a few private 
inholdings are located in the UNDA. There is a 
limited amount of cattle grazing on specified 
allotments during the summer in GTNP. It is illegal 
to kill coyotes in GTNP and the NER, but not in 
BTNF. In the UNDA the valley is primarily 
vegetated with sagebrush (Artemesia spp.) and 
patches of grasses in old hayfields and burned areas. 
The hillsides are primarily vegetated by mixed 
conifer st~nds including Douglas-fir (Pseudotsuga 
menziesii), lodgepole pine (Pinus contorta), and 
subalpine frr (Abies lasiocarpa) interspersed with 
smaller aspen (Populus tremuloides) stands. The 
Gras Ventre and Snake River riparian areas are 
primarily vegetated by narrowleaf cottonwood 
(Populus an gusto folium), Colorado blue spruce 
(Picea pungens), and willow (Salix spp.). 

The SAA is centered on the towns of 
Jackson and Wilson and encompasses mainly 
agricultural land interspersed with rapidly growing 



suburban development along the Snake River 
corridor. It extends from the south boundary of 
Grand Teton National Park to the junction of the 
Snake River and Highway 191. The SAA has a 
relatively high density of housing, ranging from 0.03-
0.99 houses per hectare and a higher density of roads 
(17.3 km/ha) than the UNDA. There is abundant 
cattle ranching, and it is legal to kill coyotes in most 
parts of this area unless otherwise prohibited by city 
ordinances. In the SAA the valley is primarily 
vegetated with grasses in hayfields interspersed with 
sagebrush, and developed areas. Mixed conifer and 
aspen stands exist primarily on the hillsides 
throughout the SAA. The Snake River riparian area 
in the SAA has similar vegetation characteristics to 
the riparian areas in the UNDA. The riparian area in 
the SAA however makes up a larger proportion of the 
study area relative to the riparian area in the UNDA. 

+ METHODS 

The general data collection and analysis 
methods of this study follows those used by 
McClennen (2000) and Wigglesworth (2000) in order 
to allow comparison of data sets with their research: 
The field portion of this study was conducted 
between September 1999 and August 2000. Data 
collection was divided into three seasons based on 
current knowledge of coyote biology: 1) pair 
formation-gestation (1 January- 30 April), pup 
rearing ( 1 May- 31 July), and dispersal ( 1 August- 31 
December) (Smith et al. 1981 ). Coyote movement 
patterns were compared with vegetation layers 
created on a Geographic Information System (GIS) 
using Arclnfo and ArcView software (ESRI, 
Redlands, CA). Vegetation layers were modified 
from a landcover data set derived from LANDSAT 
thematic mapper (TM) imagery with 30 m pixel 
resolution (Idaho/Western Wyoming Landcover 
Classification Report and Metadata, Logan UT 
1995). Vegetation coverages (GIS layers) from 
GTNP, the NER, and aerial photos (Teton County 
1999) were used to correct the TM coverage. 

During October 1999, seven new coyotes 
were trapped and collared in the developed study area 
and one new coyote was trapped and collared in the 
undeveloped study area to increase the sample size to 
twenty-nine collared animals (15 in the developed 
area, 14 in the undeveloped area). Coyotes were 
trapped using #3 Softcatch padded leghold traps 
(Woodstream Corp, Lititz, PA). Traps were checked 
twice every 24 hours throughout the capture periods. 
Captured coyotes weighing 7.5-16 kg were given 
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ketamine hydrochloride (4.7 mg/kg) and xilazine 
hydrochloride ( 1. 6 mg/kg) in order to anesthetize and 
sedate them during handling (Servin and Huxley 
1992). Yohimbine (0.15mg/kg) was used to reverse 
the effects of the ketamine (Kreeger 199;2). Coyotes 
were fitted with radio collars equipped with activity 
and mortality signals (Advanced Telemetry Systems 
(ATS), Isanti, MN), sexed, weighed, and aged by 
tooth wear (Gier 1968). Blood samples were taken 
for disease seroprevalence research (Wigglesworth 
2000). Radio telemetry was used throughout the 
study to locate coyotes. Telemetry locations were 
determined using two truck mounted null-peak 
antenna systems, fixed wing aircraft telemetry, and 
hand held antenna systems. Telemetry surveys were 
conducted to locate all coyotes in each study area 
twice a week during each biological season. 
Telemetry data collection was divided into four 6 
hour time blocks to allow for equal sampling at all 
times of the day and night (6:00-12:00, 12:00-18:00, 
18:00-24:00, 24:00-6:00). The sampling time period 
used each week was randomly selected. For analysis, 
coyotes were classified into social types as either 
transients or residents (Gese et al. 1988). 

Coyote movement patterns (travel paths) 
were determined using two truck mounted null-peak 
antenna systems and a portable null-peak antenna 
tower (ATS, Isanti, MN). Sequential simultaneous 
azimuths were taken every 15 minutes from known 
locations to track coyote movement (Laundre and 
Keller 1981 ). Randomly selected coyotes were 
tracked during 6-hour telemetry sessions, which 
rotated around a 24-hour day so that coyote travel 
was determined in both day and night hours. Equal 
sampling efforts were attempted in each study area 
for all collared animals approximately weekly from 1 
January 2000 to 1 August 2000. Locations were 
calculated using the program LOCATE II (Pacer, 
Truro, Nova Scotia, Canada) on HP200LX palmtop 
computers (Hewlett-Packard Co., Dallas, TX). 

Coyote movement patterns were also 
determined from snow tracking transects. Data was 
collected from five transects in each study area that 
measured approximately 2.5 km in length. These 
transects were located on closed roads or trails within 
known coyote home ranges to increase the 
probability of tracking marked animals in resident 
groups. The location of each transect was not 
selected randomly since the goal was to increase the 
chance of tracking marked animals within known 
coyote home ranges. Each transect was skied or 
snow shoed o nee a week preferably 2 4 to 4 8 hours 
after new snowfall from 1 December 1999 to 1 April 
2000. Any coyote tracks that intersected the transect 
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were backtracked as far as possible and point 
locations along the coyote tracks were determined 
every 200 meters using a hand held global 
positioning system (GPS) unit (Garmin 12xl, Garmin 
Inc Olathe, KS). The accuracy of these locations was 
within approximately 100 meters. 

Coyote mortality was determined using 
telemetry information, carcasses, and direct 
observations. In the case of mortalities in the marked 
sample the carcasses were recovered if possible, and 
sent to the Wyoming Veterinary Lab for a necropsy. 
If there was no carcass, the cause of death was 
determined from any witnesses or persons involved. 

Wolf urine scent stations were established in 
each study area during the pair formation-gestation (1 
January- 30 April) and pup rearing (1 May- 31 July) 
biological seasons. These scent stations were placed 
in the approximate center of selected coyote home 
ranges calculated by data from McClennen (pers. 
comm.). Five coyote territories were used as 
experimental sites with wolf urine scent stations and 
an equal number were used as control sites without 
wolf urine scent stations. The scent stations were 
made up of a 10 by 1 0 meter grid with wolf urine 
scent placed every 5 meters. Wolf urine (10 ml) was 
placed on vegetation or on open ground within the 
grid. These stations were re-scented every week 
during this phase of the study. In winter scent stakes 
were used in order to prevent scent from being buried 
by snow. The control sites were visited every week 
and the grid walked without placing any scent. 
Coyote locations were monitored weekly using radio 
telemetry to determine any shifts in habitat use 
patterns relative to the wolf urine scent grids. 

+ RESULTS AND DISCUSSION 

Habitat Use 

In the SAA data on 134 coyote travel paths 
was collected, and in the UNDA data on 162 travel 
paths was collected from snow tracking during the 
period from 1 Dec 1999 to 1 April 2000. The travel 
paths range in length from 200 meters to 12 km. 
Preliminary data analyses comparing coyote habitat 
use to the total available habitat in the SAA suggests 
that coyotes in the SAA use mainly aspen, 
grasslands, and riparian habitat or forest-grass edge 
areas and avoid forest interior areas. Aspen, grass and 
riparian habitat types were used in slightly greater 
proportion to their availability. Shrub and developed 
habitat types were used in lesser proportion to their 

availability. In addition conifer habitat was used in 
approximate proportion to its availability (Table 1 ). 
Since the bare ground habitat classification made up 
only one percent of the study area it was not included 
in this analysis. These results indicate that with the 
exception of avoiding developed areas coyote habitat 
use is influenced by factors other than just habitat 
type e.g. territoriality or prey availability. Analyses 
were also conducted comparing coyote habitat use to 
the available habitat in buffered areas with a radius 
equal to the half the total distance from the initial 
point to the farthest point in each travel path (Table 
2). Preliminary analysis also indicates that roads and 
trails were used in a greater frequency than their 
abundance on the landscape. Coyotes also 
frequently used riparian corridors to travel between 
open meadows in the SAA. In addition there is some 
evidence that suggests coyotes selectively travel 
fences and irrigation ditches for long distances in 
agricultural areas. 

Table l : Average% use by habitat type for coyote travel path data 
from snow tracking in the SAA compared to total available habitat 
in the study area 

SAA-Summary 1 Aspen Shrub Conifer Grass Riparian Developed 

%Used 1.64% 9.71% 8.97% 53.18% 25 .29% 0.69% 
%Available 

inSAA 1.22% %11.20 8.90% 42.93% 22.39% 11.51 % 
Ratio 

Used/Available 1.34 0.87 1.01 1.24 1.13 0.06 

Table 2: Average% use by habitat type for coyote travel path data 
from snow tracking in the SAA compared to average available 
habitat in buffered areas with a radius equal to the half the total 
distance from the initial point to the farthest point in each path 

SAA-Summary 2 Aspen Shrub Conifer Grass Riparian Developed 

%Used 1.64% 9.71% 8.97% 53 .18% 25 .29% 0.69% 
% Available in 

Buffers 2.63% 10.58% 8.70% 51.56% 23.46% 2.04% 
Ratio 

Used/Available 0.62* 0.92 1.03 1.03 1.08 0.34 
* Indicates different result from Table 1 

Preliminary data analyses suggest that 
coyotes in the UNDA use mainly shrub and grassland 
habitats and forest-grass/shrub edge areas and 
avoided forest interior areas. Shrub and grass habitat 
types were used in greater proportion to their 
availability, and aspen, conifer and riparian habitat 
types were used in lesser proportion to their 
availability (Table 3). Analyses were also conducted 
comparing coyote habitat use to the available habitat 
in buffered areas with a radius equal to the half the 
total distance from the initial point to the farthest 



point in each travel path (Table 4). Since the bare 
ground and developed habitat classifications made up 
less than one percent of the study area they were not 
included in this analysis. Preliminary analysis also 
indicates that roads and trails were used in a greater 
frequency than their abundance on the landscape in 
the UNDA. There is some evidence that suggests that 
coyotes selectively travel along old irrigation ditches 
in the Kelly hayfields area. 

Table 3: Average% use by habitat type for coyote travel path data 
from snow tracking in the UNDA compared to total available 
habitat in the study area 

UNDA-Summary 1 

%Used 4.04% 53.47% 5.80% 32.62% 3.86% 

•;. Available in UNDA 5.22% 37.31% 34.72% 16.79% 5.48% 

Ratio Used/Available 0.77 1.43 0.17 1.94 0.7 

Table 4: Average% use by habitat type for coyote travel path data 
from snow tracking in the UNDA compared to average available 
habitat in buffered areas with a radius equal to the half the total 
distance from the initial point to the farthest point in each path 

UNDA-Summary 2 Aspen Shrub Conifer Grass Riparian 

%Used 4.04% 53.47% 5.80% 32.62% 3.86% 

%Available in Buffers 3.82% 45 .03% 10.48% 35.24% 4.83% 

Ratio Used/Available 1.06* 1.19 0.55 0.93* 0.80 

* Indicates different result from Table 3 

Preliminary results suggest that the non
random location of the track transects in known 
coyote home ranges mainly in and around grasslands 
and riparian areas in the SAA and shrub and 
grasslands in the UNDA may have influenced the 
results of the data. This could have biased the results 
toward grass, shrub, and riparian habitat types and 
away from forest and developed habitat types. 
Additionally, natural and human caused disturbances 
to the snow could have resulted in reduced detection 
of coyote tracks, and increased habitat biases. For 
example wind, snowfall, skiers, and snowplows 
reduced the ability to detect coyote tracks in some 
habitats more than in others. Determining GPS 
locations could have also been influenced by habitat 
based biases in that the ability to get accurate GPS 
locations varies in relation to habitat type and may be 
more accurate in some habitats than in others. 
Correction of this bias was attempted by analyzing 
the habitat used in each travel path relative to a 
buffered area around a point location centered on the 
mid point of the distance between the initial point and 
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the farthest point in each travel path. This buffered 
area had a radius equal to half the total distance from 
the initial point to the farthest point (Table 2 and 
Table 4). This effectively limits the available habitat 
for comparison to a subset of the total study area that 
is in close proximity to the travel path. Results from 
this method were similar in all cases in the SAA 
except for the aspen habitat type that appears to be used 
in greater proportion to its availability when 
investigating use vs. total available habitat in the 
SAA (Table 1). It appears however, to be underused 
when investigating use vs. available habitat in travel 
path buffers (Table 2). There were two cases in 
which the results of the use vs. buffered availability 
analysis were different from the use vs. total 
availability analysis in the UNDA. Aspen habitats 
appear to be underused when investigating use vs. 
total available habitat in the UNDA (Table 3), 
however it appears to be used in approximate 
proportion to its availability when investigating the 
use vs. availability in travel path buffers (Table 4). 
Grass habitat appears to be used in greater proportion 
to its availability when investigating use vs. total 
available habitat in the UNDA (Table 3), however it 
app~ars to be used in approximate proportion to its 
availability when investigating the use vs. availability 
in travel path buffers (Table 4). These results suggest 
that factors other than habitat type (territory 
competition or prey availability) may have a more 
significant influence on coyote habitat use in this 
population. 

Further research should attempt to develop a 
stratified random sampling method that may remove 
any habitat based bias from the transect locations by 
sampling all available habitat types approximately 
equally. Further research should also attempt to 
account for any inherent habitat bias present due to 
the variable detection of tracks between habitat types. 

Data analysis on a total of 118 coyote travel 
paths in the UNDA and 115 coyote travel paths in the 
SAA were conducted using 15-minute interval 
sequential locations. The quality of the resolution of 
these movement patterns is highly variable depending 
on the area of the valley sampled. This variability 
indicates a potential habitat based bias in which 
certain habitats w ere easier to track animals in than 
other habitats. This type of bias will commonly 
overestimate the use of habitats in which it is easier 
to detect coyotes and underestimate habitats in which 
it is difficult to track coyotes. However, some of the 
travel paths · suggest relatively clear movement 
patterns. Preliminary analyses indicate that some 
marked animals frequently used the same travel paths 
when traveling within the core area of their known 
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home range. These frequently used "travel corridors" 
were often associated with trails and roads, and 
prominent topographic features (creeks, ridges, 
ditches). There are some patterns similar to those 
observed in the snow tracking data that suggests open 
sagebrush grasslands or forest shrub edge areas may 
be used more frequently than their availability, and 
that riparian corridors are a frequently used travel 
corridor especially in the SAA. The movement data 
also suggests that coyotes avoid developed areas 
during the day and travel in these developed areas at 
night especially in the SAA. 

Further research should make use of 
portable null peak towers or fixed towers at high 
points in the valley (Blacktail Butte, Miller Butte, 
Shadow Mt. or Signal Mt.) in order to improve the 
quality of the locations, minimize any habitat based 
bias, and increase the time that it is possible to track 
individual animals. It would also be worth 
experimenting with using less frequent triangulation 
(e.g. every hour) to investigate movement patterns on 
a larger time scale than the short interval relocations 
attempt. For example, continuous monitoring every 
hour for 24 hours may produce interesting results on 
high activity areas, and suggest behaviors associated 
with movement patterns in these areas (Gese et al. 
1990). These techniques may allow for more 
accurate locations at the expense of very fme scale 
movements and may minimize habitat based 
sampling biases. 

On going analyses are exanumng coyote 
movement patterns relative to topography, wolf urine 
scent grids, and human developments. The 
relationship of habitat use in high use areas 
(identified from movement patterns) to habitat use in 
core use areas (identified in home range analyses) is 
also being examined. 

Mortality 

The mortality rate of marked coyotes during 
this study was 31% (9/29). In the SAA (Fig 1) the 
mortality during the 1999-2000 research season was 
47 % (7115). Human exploitation (shooting) caused 
57% ( 4/7) of the observed mortalities, and 100% 
(7/7) of the observed mortalities were human caused. 
In the UNDA the mortality was 14% (2/14), human 
exploitation caused 50% (112) of the observed 
mortalities. The overall mortality due to human 
causes is 28% (8/29). According to Crabtree and 
Sheldon ( 1999) this population of coyotes could be 
considered moderately exploited (25-49% annual 
human related mortality). The overall mortality rates 
in this study were slightly lower than the 37% annual 

mortality rate reported by Tzilkowski (1980) in 
·Grand Teton National Park. This difference may be 
due to the reduction of cattle operations and changes 
in the human demographics of the Jackson Hole area 
over the past two decades. 
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~ 20% 

';!!. 0% 

Fig 1 

% Mortality by Study Areas 

14% 

SAA UNDA 
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During this research a total of six male and 
three female coyotes died. Five males and two 
females died in the SAA, and one male and one 
female died in the UNDA. The gender breakdown 
for the total sample was 17 males and 12 females. 
Therefore, approximately 35% (6/17) of the males 
died, while only 25% (3/12) of the females died (Fig 
2). This suggests that mortality rates are higher 
among male coyotes than female coyotes in this 
population. 

% Mortality by Sex 

Mate Female 

Fig 2 

The overall leading cause of mortalities 
were gunshots 56% (5/9) followed by being hit by a 
car 33 % (3/9), and being killed by coyotes 11 % 
(1/9). Human caused mortalities made up 89% (8/9) 
of the overall mortalities. This data suggests that 
human caused mortalities are the most significant 
cause of mortality in this population, and that wolves 
are not currently a significant cause of mortality. 
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Overall, 67 % of mortalities(Fig 3) occurred 
during the pair formation-gestation biological season 
(1 January to 30 April), 33 % occurred during the 
dispersal season (1 August to 31 December), and 
none occurred during the pup-rearing season (1 May 
to 31 July). This pattern of seasonal mortality rates is 
somewhat atypical compared to most published 
accounts that indicate the majority of coyote 
mortality occurs during the dispersal season 
(Knowlton 1972). This may also be true of this 
population and could be determined if pup mortalities 
during the first year were measured. In adults 
however, it appears that the majority of the mortality 
does occur during the pair formation-gestation 
biological period. Since the majority of the observed 
mortalities resulted from gunshots (Fig 4) and most 
of the coyotes were shot during late winter-early 
spring in the SAA, it is possible that the high 
mortality during this season is a function of increased 
coyote control efforts during the calving season in 
ranching areas, which corresponds to the pair 
formation gestation season of coyotes. 

% Mortality by Cause 
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In terms of social type, the sample (n=29) 
was made up of 18 residents and 11 transients. 

· Approximately 64% (7/11) of the transients died, 
while only 11% (2/18) of the residents died (Fig 5). 
Human caused mortalities made up 100% (2/2) of the 
observed mortalities among resident coyotes and 
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86% ( 617) of the observed mortalities among 
transient coyotes. This suggests that mortality rates 
among transient coyotes are higher than mortality 
rates among resident coyotes in this population, and 
that human caused mortality has the largest impact on 
both resident and transient coyotes. 

% Mortality by Social Type 
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Preliminary investigation of the activity 
patterns suggests that there is no significant 
difference in activity (nocturnal vs. diurnal) between 
observed coyote mortalities (n=9) and surviving 
coyotes (n=20). Preliminary analyses of the spatial 
habitat use patterns of coyotes that died suggest that 
they used habitats closer to roads and human 
developments more frequently than coyotes that 
survived. Along with the fact that a majority of the 
mortalities were human caused, this data suggests 
that there may be a relationship between spatial 
habitat use relative to human development and coyote 
mortality. Further analyses will compare activity 
patterns between study areas, by gender and age to 
determine if these characteristics reveal any 
significant differences in mortality rates. Further 
analyses will also compare mortality data from 
McClennen (2000) and Wigglesworth (2000) with 
results from this research to determine average 
trends. 

Response to Wolf Urine 

Preliminary investigation of the data shows 
some shifts of experimental coyotes' home ranges 
within the UNDA, and no observable shift in the 
SAA (n=10). There was no significant observed shift 
in the control coyotes in the UNDA or the SAA. In 
the UNDA on average 36% of the experimental 
coyote locations were within a 1000 meter buffer of 
their respective home range centers during the pre
treatment time period and that only 5% of the 
experimental coyotes locations were within the 1000 
meter buffers during the post-treatment time period. 
This suggests that there is some avoidance of the 
wolf urine scent grids by coyotes in the UNDA. 
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There is a chance that the dimensions of the 
scent station grids were too small to have had a 
significant chance of exposing coyotes to the wolf 
urine, and that the observed shifts are in response to 
other unmeasured variables. Further investigations 
would be required to establish a baseline of the 
natural changes in coyote home ranges in response to 
factors such as territorial competition, prey 
availability, and changes in pack size. It may also be 
interesting to experiment with placing the scent 
stations closer to core use areas such as den sites or 
rendezvous sites, and to use various sizes of scent 
grids to determine the minimal effective size that has 
an influence on coyote habitat use. 

+ ACKNOWLEDGEMENTS 

The UW-NPS Research Center, the Teton 
Science School, Steve and Lisa Robertson, and the 
Wyoming Cooperative Fish and Wildlife Research 
Unit supported this research. I extend my thanks to 
Grand Teton National Park, the National Elk Refuge, 
and many private landowners in Jackson Hole who 
provided access and the necessary permits in order to 
conduct this research. Special thanks to the many 
volunteers, faculty, staff, and students of the Teton 
Science School who assisted in carrying out this 
research and supporting this project. Finally, I would 
like to thank my family for their interest and support, 
and Lisa Dardy for her support and friendship. 

+ LITERATURE CITED 

Bekoff, M., and C.M. Wells. 1980. Social ecology of 
coyotes. Scientific American, April: 130-
148. 

Berg, W.E., and R. A. Chesness. 1978. Ecology of 
coyotes in northern Minnesota. in Coyotes: 
biology, behavior, and management. ed 
M.Bekoff. Academic Press, NY. pp. 229-
247. 

Bounds, D. L. 1994. Managing coyotes in U.S. 
National Parks: Human coyote interactions. 
Natural Areas Journal. 14:280-284. 

Bowen, W. D. 1981. Variation in coyote social 
organization: The influence of prey size. 
Can. J. Zoo/. 59: 639-652. 

Camenzind, F. J. 1978. Behavioral ecology of 
coyotes on the National Elk Refuge, 
Jackson, WY. P267-294 in M. Bekoff ed. 
Coyotes: Biology, Behavior, and 
Management. Academic Press. New York 
NY. 

Carbyn, L.N. 1982. Coyote population fluctuations 
and spatial distribution in relation to Wolf 
territories in Riding Mountain National 
Park, Manitoba. Can. Field Nat. 96:176-
183. 

Crabtree, R. L. and J. W. Sheldon. 1999. Coyotes 
and canid coexistence in Yellowstone. Pp 
127-164 in Carnivores in ecosystems: the 
Yellowstone experience (T. W. Clark, S.C 
Minta, A.P. Curlee, and P.M. Kareiva, eds.) . 
Yale University Press, New Haven, CT, 
USA. 

Gese, E.M., OJ. Rongstad, and W.R. Mytton. 1988. 
Home range and habitat use of coyotes in 
southeastern Colorado. J o.urnal of Wildlife 
Management, 52: 640-646. 

Gese, E.M., D. E. Anderson, and 0. J. Rongstad. 
1990. Determining home-range size of 
resident coyotes from point and sequential 
locations. Journal of Wildlife Management, 
54(3): 501-506. 

Gier, H. T. 1968. Coyotes in Kansas. Kansas State 
Coli. Agric. Exp. Stn. Bull. 393. 118pp. 

Gier, H. T. 1975. Ecology and behavior of the 
coyote (Canis latrans). In: Wild Canids: 
Their Systematics, Behavioral Ecology, and 
Evolution. Ed. M. W. Fox. Van Nostrand 
Reinhold: N.Y., NY. pp. 247-262. 

Knowlton, F.F. 1972. Preliminary interpretation of 
coyote population mechanics with 
management implications. Journal of 
Wildllfe Management 36: 369-382. 

Kreeger, T. J. 1992. A review of chemical 
immobilization of wild canids. in 
Proceedings of the Joint Conference of 
American Association of Zoo Veterinarians 
and American Wildlife Veterinarains. ed R. 
Junge Oakland, CA. 



Laundre, J. W., and B. L. Keller. 1981. Home range 
use by coyotes in Idaho. Animal Behavior, 
29:449-461. 

McClennen, N. 2000. The effect of agricultural and 
suburban development on the home Range 
size, activity, movement, and density of 
coyote (Canis latrans) in northwest 
Wyoming. M.S. Thesis, University of 
Wyoming, Laramie, WY. pp. 116. 

Mech, L. D. 1966. The wolves of Isle Royale. USDI 
National Park Service, Fauna Series 7. 210 
pp., 

Messier, F. and C. Barrette. 1982. The social system 
of the coyote (Canis latrans) in a forested 
habitat. Can. J. Zool. 60: 1743-1753. 

Moore, T. D. and G. R. Parker. 1992. Colonization 
by the eastern coyote. Pages 23-28 in A. H. 
Boer, ed. Ecology and Management of the 
Eastern Coyote. Wildlife Research Unit, 
University of New Brunswick, Canada. 

Murie, O.J. 1935. Food habits of the coyote in 
Jackson Hole, WY, United States 
Department of Agriculture Circular, 362: 1-
24. 

Nowak, R. M. 1978. Evolution and taxonomy of 
coyotes and related Canis. In Coyotes: 
Biology, behavior, and management. Edited 
by M. Bekoff. Academic Press, New York, 
NY. Pp. 229-247. 

59 

Servin, J., and C. Huxley. 1992. Immobilization of 
wild carnivores using ketamine and xilazine 
mixture. Veterinaria Mexico . 23(2): 135-
139. 

Sheldon, J.W. 1992 Wild Dogs. Academic Press, San 
Diego, California. 

Smith, G. J., J. R. Cary, and 0. J. Rongstad. 1981. 
Sampling strategies for radio tracking 
Coyotes. Wildlife Society Bulletin 9: 88-93. 

Toweil, D. E. and R. J. Anthony. 1988. Coyote food 
in a coniferous forest in Oregon. J. Wild!. 
Manage. 52:507-512. 

Tzilkowski, W. M. 1980. Patterns of radio-marked 
coyotes in Jackson Hole, Wyoming. Ph. D. 
Thesis. Univ. Mass., Amherst. 67 pp. 

U.S. Census Bureau. 2000. States and County 
Quickfacts Teton County, Wyoming. 
[WWW Document]. URL 
http://quickfacts.census.gov/qfd/states/56/56 
039.html 

Weaver, J. L. 1977. Coyote food based relationships 
in Jackson Hole, Wyoming. M.S. Thesis, 
Utah State Univ., Logan, UT. 88 pp. 

Wigglesworth, R., 2000. Habitat use, diet, social 
organization, and seroprevalence of diseases 
in coyotes (Canis latrans) in Grand Teton 
National Park and suburban/agricultural 
areas of northwest Wyoming. M.S. Thesis. 
University of Wyoming, Laramie, WY. pp. 
124. 



MONITORING SELECTED SPECIES OF MAMMALS 

IN GRAND TETON NATIONAL PARK IN 2000 

+ 
BRIAN MILLER + DENVER ZOO + DENVER + CO 

HANK HARLOW + DEPT. OF ZOOLOGY AND PHYSIOLOGY 

UNIVERSITY OF WYOMING + LARAMIE + WY 

+ ABSTRACT 

Our objective is to establish a long-term 
monitoring project that will assess the abundance and 
densities of selected species of mammals at sites 
representing five defmed vegetation types found in 
Grand Teton National Park. The term monitoring 
implies data collection over multiple years. Taking long 
term estimations of population composition before, 
during, and after biotic and abiotic changes provides 
needed information to assess the impacts of such 
changes and furnishes useful options for management 
decisions. This standardized monitoring plan will 
provide information on small and medium-sized 
mammals that will ( 1) assess species use of habitat, 
(2) monitor changes in species composition as a 
result of environmental change, such as precipitation 
and temperature, (3) produce predictive models of 
small and medium-sized mammal distribution based 
on vegetation type, and (4) analyze the impact of 
wolf colonization on the mammal (and plant) 
community. 

+ INTRODUCTION 

Understanding abundance, distribution, 
habitat choice, and ecological interactions of 
mammalian species can promote management 
decisions that benefit overall ecosystem health. 
Monitoring programs that build an ecological model 
of the landscape, and assessing the trends in relation 
to biotic and abiotic changes, are essential to adaptive 
management, yet are seldom a standard part of 

management activities (Sinclair 1991; Noss and 
Cooperrider 1994; Lancia et al. 1996); Noss et al. 
1996). Indeed, a conservation plan requires a long
term obligation to standardized ecological monitoring 
so that actions can be adjusted according to new 
information (Noss et al. 1996). 

Over the long term, this standardized 
monitoring plan will provide information on small 
and medium-sized mammals that will ( 1) assess 
species use of habitat, (2) monitor changes in species 
composition as a result of environmental change, and 
(3) analyze the impact of wolf (Canis lupus) 
colonization on the mammal (and plant) community. 
The abundance and diversity of mammals can be 
greatly affected by a number of factors. These 
include plant productivity (Hunter and Price 1994; 
Krebs et al. 1995; Polis and Strong 1996), climate 
(Pinter 1996; Hoogland 1995; Post et al. 1999), 
natural disturbance (Pickett and White 1985), disease 
(Dobson and May 1986), environmental change 
(Lancia et al. 1996; Thompson et al. 1998), and 
changes in numbers of large predators (McLaren and 
Peterson 1994; Terborgh et al. 1999; Crooks and 
Soule 1999; Crete 1999; Oksanen and Oksanen 
2000). 

+ METHODS 

This study is ongoing, and we will follow 
the same methods used in 1999 and 2000 vegetation 
types, follow the maps created by Debinski et al. 
(1996). In each habitat classification, they have 



recorded their sampled sites by UTMs and described 
the route needed to arrive at each site. We sampled 
five different habitat types at the same altitude with 
two replicates in each habitat type. The habitats are: 
lodgepole pine (Pine), dry sage (M6), mixed grasses 
and forbs (M3), sedge/grass/willow damp meadow 
(M2), and sedge-grass swamp (M1). 

We used standard capture-recapture 
techniques for small mammals (e.g. mice and voles, 
see Clark and Stromberg 1987) using folding 
Sherman traps that are 22.5 em long and 7.5 by 7.5 
em wide. Bait was rolled oats that are coated with 
molasses. 

We marked rodents with ear tags purchased 
from National Band . and Tag (#1005 size 1). This 
method was tested in the Grand Teton National Park 
during 1999 and all tags were retained on captive 
mice and voles during a three-week trial. In the field, 
one vole was captured and marked with an ear-tag in 
1999 as a juvenile, and that animal was recaptured in 
2000 as an adult (with tag in place). During 1999, we 
also tested paint and dye for marking rodents, but 
both were less reliable and persisted on the animal for 
only a few days. Indeed, in some cases, rodents 
would lick at the paint until they had removed the fur 
from the section of body with paint. Furthermore, to 
paint or clip hair on a small rodent requires holding 
the animal for a much longer period of time than 
placing the ear tag. Time in the hand increases stress 
to the rodents, and in some cases they die while being 
held. 

Marking with the small alloy ear-tags has 
been used on other rodents, and we also used it on the 
endangered black-footed ferrret (Mustela nigripes). 
It is safe for the animal, reliable for the researcher, and 
the tag is inconspicuous (even if a visitor should 
happen to see a mouse or vole in the field, which is 
highly unlikely). The tag would pose no threat to any 
carnivores eating a marked animal, as carnivores 
routinely eat bone fragments much larger than the 
tag. Ingested tags are passed through the carnivore gut 
and excreted in scat, or in the case of raptors, they are 
expelled in a pellet (pers. obs.). 

We traped a site continuously until 
recaptures roughly equal new captures. For this 
reason, the sampled area is considered a closed 
population (Caughley 1977; Lancia et al. 1996; 
Thompson et al. 1998). Abundance can be calculated 
with several estimators, including program 
CAPTURE (White et al. 1982), Jolly Seber 
(Caughley 1977), a regression slope based on capture 
per unit effort ( Caughley 1977), and an index of 

61 

number of individuals captured per I 000 trap nights. 
Because this is only the second year, we are 
concentrating on the latter index for the preliminary 
data that follow. Number of trap-nights is adjusted for 
sprung traps via the technique of Beauvais and 
Buskirk (1999). 

The standard grid size was 1 hectare with 
two replicate grids at a site. Traps within a grid were 
spaced every I 0 meters ( I2I traps per I ha grid). The 
population size associated with a grid is a function of 
two known factors (grid area and perimeter) and two 
unknown factors (boundary strip-width and true 
animal density) (Otis et al. 1978). So, when sample 
size allows, data for each grid can be analyzed as a 
series of nested grids to address the issue of boundary 
strip-width and make the population estimate more 
accurate (Otis et al. I978; Lancia et al. 1996). 

Species not easily seen or trapped can be 
estimated via an index thought to be correlated with 
abundance (Lancia et al. 1996). For example, -
northern pocket gopher (Thomomys talpoides) were 
indexed by counting mounds within a 1 ha grid, and 
badgers (Taxidae taxus) by number of fresh digs 
(presence of fresh sub-soil on the mound that is not 
yet hardened by sun). 

Observers counted all sign (tracks and scat) 
within transects 1 00 m long and 5 meters wide, until 
the entire one hectare grid was surveyed. This 
information was used as a measure of 
presence/absence. Presence/absence data can also be 
collected by snow-tracking in winter. This will be 
conducted on foot, and by flying for three mornings 
in February (following procedure in the permit for 
2000). 

We are in the process of collecting and 
genotyping feces, following the two techniques used 
by Kohn et al. (1999) to estimate marten and coyote 
population numbers. Genetic analysis involves 
molecular typing with hypervariable microsatellite 
markers (see Kohn et al. 1999). Genetic work is 
being be done at Aurora College in Denver, where 
Dr. Anna Goebel has a working laboratory and is 
presently extracting microsatellite markers from scat. 
Estimating population numbers is a very non
intrusive method of collecting reliable data (Kohn et 
al. 1999). Dr. Goebel is presently applying the 
technique with 55 coyote and 120 american marten 
scats that we collected walking approximately 200 
kilometers of trails and stream beds in the 100 km2 

study area in Grand Teton National Park. 
Microsatellites are published for coyotes and pine 
marten. 
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We collected scat from trails and stream 
beds to ensure a higher capture probability, thereby 
strengthening the estimates (Karanth and Nichols 
2000). While random sampling is advocated for 
estimates of rodents that are evenly distributed in a 
homogeneous vegetation type, the situation is 
different for carnivores covering heterogenous 
habitats and not using those habitats equally. 
Sampling from areas not likely frequented by the 
animal will lower the number of "captures" and 
theref;re lower precision. In the comparisons we 
seek, precision is of utmost importance (Karanth and 
Nichols 2000). 

Tracking the impact of wolf colonization on 
small and medium-sized mammals over time in the 
Grand Teton National Park may be demonstrated 
with a time-series analysis, as was done when 
measuring the effects of sea otter (Enhydra lutris) 
reintroduction on selected species in that system (J. 
Estes, pers. com.). Time series analysis, and/or 
appropriate multivariate techniques, will allow 
examination of changes that occur as wolves enter 
the habitats we are sampling in the Grand Teton 
National Park. 

We also have a proposal pending with 
Yellowstone National Park, (in cooperation with 
Doug Smith). If this proposal is approved, 
simultaneous sampling of small and medium-sized 
mammals in areas with wolves will allow a spatial 
control to compliment temporal analysis. Wolves 
already exist in Yellowstone National Park, in some 
areas at very high densities. If habitat types with 
wolves in Yellowstone National Park can be matched 
to any of the vegetation sites we are sampling in the 
Grand Teton National Park, we can directly compare 
mammal community and vegetation composition in 
areas with and without wolves over the next 2 or 3 
years. 

Over time, temperature changes, 
precipitation changes, natural prey cycles, and 
presence/absence of camviores can be correlated to 
changes in the structure and abundance of the 
mammal community. Such correlational analyses 
may not show cause and effect, but it does allow 
induction to play a strong role in hypothesis 
formation to further understand the multiple factors 
that impact mammal communities. 

+ PRELIMINARY RESULTS AND 

DISCUSSION 

In 2000, students from Tufts Veterinary 
School drew blood from mice and voles we captured 
in the Grand Teton National Park, testing for disease. 
No sign of Ranta virus or plague was detected. For 
detail, see report of Gillin et al. 

For comparison to 1999, we will report 
number of unique individuals captured per 1000 trap
nights in 1999 and 2000. All grids trapped in 1999 
were retrapped in 2000. In 1999, there was only one 
replicate in each of the five habitat types. In 2000, 
we added a second replicate. 

In 1999, a dry sage plot (1M6-Two Ocean 
Lake Road) yielded a trapping success of 2.2% 
(Miller and Harlow 2000). Rodent composition was 
mainly deer mice (Peromyscous maniculatus), with 
an index of 11 individuals captured per 1000 trap
nights. When walking the one hectare plot in 1999, we 
found 15 fresh pocket gopher mounds, 8 badger 
holes, 60 piles of elk scat, 3 piles of deer scat, 1 
moose scat, 1 bison scat, and 40 ant hills. We also 
captured 3 mountain voles (Microtis montanus) and 1 
meadow vole (M. pennsylvannicus) . 

In 2000, the same plot yielded a capture 
success of 2%, with 10 individual deer mice captured 
per 1000 trap-nights. We also captured 1 meadow 
vole and 1 least chipmunk (Tamias minimus). When 
walking the plot in 2000, we found 23 fresh pocket 
gopher mounds, 5 badger holes, 73 piles of elk scat, 2 
piles of deer scat, 1 moose scat, 1 coyote scat, and 83 
ant hills. 

At the second replicate of dry sage habitat 
(2M6-Pilgrim Creek), trapping success was 3% 
with 11 deer mice captured per 1000 trap-nights. We 
also captured 1 mountain vole. There were 170 fresh 
pocket gopher digs, 123 piles of elk scat, 16 ant hills, 
2 piles of deer scat, 1 coyote scat and 1 raptor pellet. 

On the lodgepole pine plot (1-Pine-Pacific 
Creek) in 1999, we mainly captured red-backed voles 
( Clethrionomys gapperi) and pine chipmunks 
(Tamius amoenus) with a trapping success of 4% 
(Miller and Harlow 2000). The index for red-backed 



voles and pine chipmunks was 11 per 1000 trap
nights and 4 per 1000 trap-nights, respectively. 
When walking the plot to search for sign, we 
recorded the following data: 4 red squirrel 
(Tamiasciurus hudsonicus) middens, 13 large 
ungulate beds, 5 fresh pocket gopher mounds, 31 
piles of elk scat, 8 piles of moose scat, 1 deer scat, 1 
coyote scat, and 1 American marten scat. We also 
captured 2 long-tailed voles (Microtis longicaudus). 

On the same plot in 2000, trapping success 
was 2 %. We captured 3 pine chipmunks, 3 least 
chipmunks, and 2 red-backed voles per 1000 trap
nights. Red-backed voles dropped from 11 captures 
per 1000 trap-nights in 1999 to 2 captures per 1000 
trap-nights in 2000. We also captured a red squirrel 
and an american marten. When walking the plot, we 
found 85 piles of elk scat, 28 piles of moose scat, 3 
ungulate beds, 3 piles of deer scat, 2 american marten 
scat, 1 porcupine scat, 1 coyote scat, 2 snowshoe hare 
scats, 3 bear scats, 1 bear bed, and 44 logs opened by 
bear. 

On the second replicate of lodgepole pine 
(2-Pine-Grandview Road), trapping success was 

. 3%. We captured 10 deer mice and 6 red-backed 
voles per 1000 trap-nights. We also captured 1 
mountain vole, 1 pocket gopher, and 2 jumping mice 
(Zapus princeps). Unlike 1-Pine, we captured no 
chipmunks, although we did see 1 least chipmunk. 
We also saw one black bear (Ursus americanus) with 
a cub and 1 white-tailed deer ( Odocoileus 
virginianus) on the plot. 

The mixed grass/forb plot (1M3-Lozier 
Hill) had 4% trapping success in 1999. We captured 
10 Microtis per 1000 trap-nights (4 M. montanus and 
6 M pennsyvannicus per 1000 trap-nights), and 11 deer 
mice per 1000 trap-nights. We also captured 3 pocket 
gophers, and 2 jwnping mice. When walking the one 
hectare plot of mixed grasses and forbs, we recorded 
the following data: 462 fresh pocket gopher mounds, 
283 mouse/vole holes, 101 vole runways, 2 vole 
nests, 134 piles of elk scat, 2 deer scat, 2 coyote scat, 
1 elk bed, and 3 anthills. 

On the same plot in 2000, trapping success 
was 3%, and we captured 11 deer mice and 3 
Micro tis per 1000 trap-nights (2 M. pennsylvanicus 
and 1 M montanus). We also captured 1 pocket 
gopher. We counted 501 active pocket gopher 
mounds, 144 piles of elk scat, 3 moose scats, 12 deer 
scats, 1 ungulate bed, 1 coyote scat, and 6 anthills. 

On the second replicate (2M3-Pacific 
Creek Elk Wallow) trapping success was 3% with 16 
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deer mouse per 1000 trap-nights. We counted 171 
active gopher mounds, 44 elk scat, 1 deer scat, 16 
ungulate beds, 1 bear dig. One black bear and her 
cub were seen walking just outside of the plot. 

During 1999 in the sedge/grass/willow damp 
meadow (1M2-Christian Pond), trapping success 
was 8.8%. We captured 59 Microtis per 1000 trap
nights (50 M pennsylvanicus and 9 M montanus) per 
1000 trap-nights. When walking the plot, we 
recorded the following data: 9 moose scats, 2 elk 
scats, 1 deer scat, 1 coyote scat, and 1 fox scat. The 
lack of scat may be misleading if one is looking 
across different habitat types, as the wetness of this 
grid will eliminate scat more rapidly than in drier 
areas. And, although there were few holes deeper 
than the length of a finger, there are a myriad of ways 
to get beneath patches of moss. 

On the same plot in 2000, we had a trapping 
success of 8% with 42 Microtis per 1000 trap-nights 
(36 M pennsylvanicus and 6 M. montanus). We 
found 7 elk scats, 1 moose scat, and 1 coyote scat. 

The second replicate in 2000 (2M2-
Grandview Road) was a 0.5 hectare grid. It showed a 
trapping success of 7% with 25 Micro tis per 1000 
trap-nights ( 16 M. pennsylvanicus and 10 M. 
montanus ), and 8 jumping mice per 1000 trap-nights. 
When walking the grid we found 28 elk scats, 3 
moose scats, and 1 bear scat. 

During 1999, on a sedge-grass swamp plot 
(1Ml-Grandview Road), trapping success was 7%. 
We captured 40 Micro tis pennsylvanicus per 1000 
trap-nights. When walking the 1 ha plot of grass
sedge swamp, we recorded the following data: 2 
ungulate beds and 1 coyote scat. 

On the same plot in 2000, trapping success 
was 18%, and we captured 91 Microtis 
pennsylvanicus per 1000 trap-nights. This more than 
doubled the trapping success and number of animals 
per 1000 trap-nights when compared to results of 
1999. When walking the plot, we found 27 elk scats, 
5 moose scats, 4 ungulate beds, 1 coyote scat, and 1 
duck apparently killed by a coyote. 

The second sedge-grass swamp (2Ml
Cygnet Pond) was a 0.5 hectare plot, and it had a 
12% trapping success. We captured 61 Microtis per 
1000 trap-nights ( 41 M pennsylvanicus and 20 M. 
montanus), and 5 jumping mice per 1000 trap-nights. 
When walking we found 6 elk scats, 1 moose scat, 2 
ungulate' beds, and 3 coyote scats. 
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We are presently analyzing genetic data 
from 55 coyote scats and 28 marten scats (Dr. Anna 
Goebel). We are also analyzing measurements of M. 
pennsylvanicus and M. montanus (with Alita Pinter) 
to assess the reliability of identifying these species in 
the field. These data will be forthcoming. 
Preliminarily, we have been able to check 19 
Microtis trap-mortalities, using teeth as a control for 
the field measurements, and we correctly identified to 
species 18 of the 19 cases. Of these 19, 4 were adult 
M. montanus (2:2) and 6 were adult M. 
pennsylvanicus (2:4). The rest were juvenile M. 
pennsylvanicus (5:4), and the misclassified individual 
was a juvenile female. 
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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, has been 
able to explain the causality of cycles, although 
recently removal of parasites was shown to 
prevent population cycles in the red grouse, 
Lagopus lagopus scoticus (Hudson et al. 1998). 

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 
montanus. 

+ METHODS 

Microtus montanus were live trapped at 
two times of the year: the se cond 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. 
The digestive tract and the liver were examined 
for the presence of parasites. 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, 5m apart, 11 stations 
(50m) 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. In order to 
ascertain the effects of habitat/ density on 
population dynamics of M montanus in Grand 
Teton National Park, populations . of these 
rodents were monitored in both, optimal and 
marginal habitats. 



+ RESULTS AND DISCUSSION 

In 2000 spring was unusually early, in 
complete contrast to the unusually late spring in 
1999. Consequently, it was not surprising that 
all females were pregnant with their second 
litter. It was also not surprising that litter sizes 
were unusually large since the second litter in 
Microtus montanus is significantly larger than 
the first (Negus and Pinter 1965). It was 
expected that the early onset of breeding would 
enable the voles to produce an additional litter in 
the 2000 breeding season. An early production 
of the first litter would have significant 
repercussions on population dynamics of M. 
montanus in 2000. The first litter would have 
significant repercussions on population dynamics 
of M montanus in 2000. The first litter always 

. reproduces in the year of its birth. An early 
production of the first litter also means an early 
addition of breeders (as opposed to merely 
individuals- Pinter 1986, 1988). The early onset 
of reproduction would be particularly important in 
2000 because a fairly small population had 
overwintered (as indicated not only by a paucity 
of sign-runways, cuttings - but also by low trap 
success). All of these indices of population 
density were lower in 2000 than in 1999. 

During the summer study period it 
became clear that even the early onset of 
reproduction had been unable to compensate for 
the small overwintering population that 
constituted the initial breeding stock for 2000. 
By the end of the summer study period the 
population density of Microtus. Montanus in 
2000 declined below the levels seen in 1999. 

In 1998 population cycles at one of the 
swdy sites had become desynchronized from all 
the other populations being monitored. This 
asynchrony persisted in 1999 and continued into 
2000. Whereas all the synchronous populations 
declined in density in 2000, the asynchronous 
population nearly quadrupled over the 1999 
levels. As in 1999, the rise in the population 
density of M montanus correlated with a 
complete exclusion of Microtus pennsylavnicus 
from this site. This phenomenon has been 
observed repeatedly throughout this long-term 
study. 

Cuterebrid parasitism of M. montanus 
(Pinter et al. 1997) reappeared in the summer of 
2000, albeit at extremely low levels. 
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Nevertheless, this is noteworthy since such 
parasitism was not observed in the two preceding 
seasons. 

+ CONCLUSIONS 

The early onset of reproduction in 
Microtus montanus in 2000 failed to compensate 
for the small overwintering numbers of spring 
breeders as populations of Microtus montanus 
declined at all but one study site. This 
exceptional site, showing a quadrupling of its 
population density ahove the 1999 levels is of 
particular interest. Such dramatic divergence of 
population dynamics in one valuable precisely 
because it is an exception: it may provide clues 
to an as yet undetected or unappreciated factor 
that helps drive population dynamics in these 
rodents. 
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+ OBJECTIVES 

Impaired immunocompetence may contribute 
to the multiannual fluctuations ("cycles") in population 
density of arvicoline rodents (Mihok et al. 1985, Pinter 
1988, Lochmiller et al. 1993). In a variety of species 
environmental variables influence at least one 
component of the immune system, the gut-associated 
lymphoid system, GALT (Lopez et al. 1985, Li et al. 
1995). Preliminary laboratory observations suggest that 
the development of GALT in Microtus montanus can be 
influenced by such factors as age and diet (Smith and 
Pinter 2000). However, these observations are from 
captive-bred voles, maintained on a synthetic laboratory 
diet, under strictly controlled laboratory conditions. The 
complexity and abundance of variables under natural 
conditions must influence the development and function 
of GALT- yet, nothing is known about it from Microtus 
montanus under natural conditions. The purpose of this 
study was essentially twofold: ( 1) to describe the 
morphometries of GALT in wild-caught M montanus, 
and (2) to characterize the morphometric changes that 
occur in GALT of these animals as a function of their 
age, sex, and the season of the year. 

+ METHODS 

The tissues examined in this study were 
obtained from Microtus montanus trapped for a long
term study of their population dynamics in Grand Teton 
National Park (see "Climatic factors, reproductive 
success and population dynamics in the montane vole, 
Microtus montanus" elsewhere in the Annual Reports 
of the UW-NPS Research Center, 2000). The digestive 

tract (from the pyloric sphincter to the anus) was 
excised, cleaned of all attached mesenteries and washed 
of its contents. It was then processed as described by 
Lochmiller et al. (1992), pinned flat under acetic acid 
and pressed flat between two sheets of acetate for one 
week. Outlines of the gut and the location of all 
lymphoid follicles were then traced onto the acetate. 

The surface area of the gut and of all the 
lymphoid tissue was determined as follows. The acetate 
tracings were placed on a digitizing palette. The outline 
of the three segments of the gut (small intestine, SI; 
cecum, CE; large intestine, LI) and the outlines of all 
the lymphoid aggregates were traced with a digitizing 
mouse, converting the outlines into a digital image, 
yielding a measurement of these surface areas to the 
nearest square centimeter. 

+ RESULTS AND DISCUSSION 

The surface area of the gut and the location of 
all lymphoid patches was determined separately for 
each of the three major segments of the gut: the small 
intestine (SI), the large intestine (LI) and the cecum 
(CE). 

Gut-associated lymphoid tissue (GALT), 
present in all segments of the intestinal tract, occurred 
as single lymphoid follicles and as aggregates of such 
follicles (Peyer's patches). The total numbers ofGALT 
patches and their distribution varied considerably 
among individuals. Nevertheless, certain patches 
(''universal" patches) not only occurred in all voles, 
their relative size and location within the gut also 
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remained unchanged, regardless of the sex and age of 
the animals. 

There is a total of four such "universal" 
patches in the gut of M montanus: two in the SI (the 
duodenal patch and the ileocecal patch), one in the CE 
(the apical patch) and one in the LI (the colonic patch). 

1. The duodenal patch is the first patch the digesta 
encounter as they enter the gut. It is invariably larger 
than any of the other lymphoid patches and occurs at 
the end of approximately the fust 20% of the small 
intestine. Lymphoid tissue between the pyloric 
sphincter and the duodenal patch is extremely rare, 
when present it occurs only as single lymphoid follicles. 

2. The ileocecal patch is the last lymphoid patch of the 
small intestine and is located at the start of the final 6% 
of the small intestine. There are never any single 
lymphoid follicles or lymphoid patches between the 
ileocecal patch and the ileocecal junction. 

3. The apical patch is located in the apex of the cecum. 
Regardless of the total length of the cecum the apical 
patch is never more than 6 mm from the apex. There are 
never any lymphoid patches or single lymphoid follicles 
between the apex of the cecum and the apical patch. 

4. The colonic patch occurs at the end of the post-cecal 
spiral, where the striations on the luminal surface of the 
large intestine disappear. This is located at 
approximately the end of the first 46% of the large 
intestine. 

In addition to the above mentioned regions of 
the gut that were invariably devoid oflymphoid tissue 
there were others. Lymphoid tissue was never found in 
the lower 42% of the cecum, in the ampulla coli and in 
the first 35% of the postcecal spiral. Lymphoid tissue 
was extremely uncommon in the last 12-15% of the 
large intestine. In the rare instances where it was found 
it was invariably limited to single lymphoid follicles. 

There was no significant sexual dimorphism in 
the number of multifollicular lymphoid patches, 
regardless of the age of the animals. Invariably, the 
smallest number of patches occurred in the CE (x=3.80, 
range 2-6) and the largest in the LI (x=7.75, range 5-
12). The number in the SI was intermediate between the 
CE and the LI (x=4.88, range 3-8). Although there were 
no significant differences between the groups, some 
trends were evident nevertheless. The smallest total 
numbers of multifollicular lymphoid patches were 
found in juveniles; the numbers increased as animals 
aged (i.e., larger in subadults, largest in adults). 

However, the numbers of lymphoid patches in the 
overwintering adults (i.e., adults trapped in the spring) 
were smaller than those seen in adults at the end of the 
summer, although such overwintering adults were older 
than the adults trapped during the summer. A similar 
phenomenon has been observed in my laboratory 
colony (Smith and Pinter 2000). Very old animals have 
a reduced number ofmultifollicular patches. However, 
the loss ofmultifolllicular patches can be accompanied 
by an enormous increase in the number of single 
lymphoid follicles. This phenomenon is not seen in 
animals from natural populations where single 
lymphoid follicles are never numerous and occur with 
the same frequency in all age groups. 

Although the numbers of lymphoid patches 
generally increased with the age of the animals, the same 
was not true for the total surface area of GALT. Each of 
the three segments of the gut represents approximately 
one third of the total gut surface. The SI and the CE 
account for 35% each, the total surface of the LI is 31%. 
However, GALT is not distributed evenly among these 
three segments. Two thirds ( 63%) of the total GALT 
surface is located in the Sl. The abundance of GALT in 
the SI is not surprising. In the gut, a thin layer of 
epithelial cells separates an animal from ingested 
antigens and pathogens. If the immune system is to 
respond effectively to antigens in the diet, GALT must 
sample the digesta for the presence of such antigens as 
early as possible in their passage through the gut. The 
smallest GALT surface is in the CE (13%); the LI is 
intermediate with 24% of the total GALT. Overall, 
GALT occupies 1. 7% of the total gut surface in the SI, 
0.7% in the LI and 0.4% in the CE. This ratio remains 
remarkably constant in all animals, regardless of their 
sex or age. As the animals age, however, the total 
GALT surface (absolute and relative amount) 
decreases. For example, in juveniles GALT occupies 
approximately 3% (and rarely less than 2.5%) of the 
total SI surface. In contrast, GALT in the SI of adult 
animals is rarely more than 1% of the total surface. The 
same relationship holds true for the two other segments 
of the gut. 

As mentioned earlier, the decrease in the total 
GALT surface is both absolute and relative. Such 
dynamics in the morphometric characteristics of the gut 
indicate that in Microtus montanus GALT develops 
early in life. At weaning, the total surface area of GALT 
is larger than it will be at any future time in their life. 
Young animals have a large absolute amount of GALT; 
however, since their total gut sutface is smaller than 
that of adults, GALT in juveniles also occupies a large 
relative surface of the gut. This means that, in young 
voles, there is a particularly efficient sampling of the 
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digesta, resulting in an early and efficient mounting of 
an immune response against antigens in the food. As 
animals age, the total gut surface increases and the total 
amount of GALT surface decreases. This translates into 
a decrease in the relative amount of GALT and a 
decrease in the efficiency with which antigens in the 
digesta can be monitored. 

In summary, GALT was most abundant in 
juvenile voles and least abundant in adults. It was most 
abundant in the SI, a not surprising fmding since GALT 
is a first line defense against dietary antigens and 
pathogens. There was no sexual dimorphism in any 
aspect of GALT. There was also no effect of season: 
juveniles invariably had the largest amount of GALT, 
regardless of their season of birth. 
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+ INTRODUCTION 

As of this writing we have completed the third year of a 
cooperative UW/GTNP archaeological project, with 
1998 being the first season. The primary purpose here 
is to provide a brief overview of some of the 
accomplislunents of that first field season. This basic 
"UW /NPS Research Center Annual Report" format then 
will have two more installments for 1999 and 2000. 
More attention is given in this first report to 
background such as the history of archaeological 
research in Grand Teton National Park, while 
subsequent reports will emphasize other types of 
information. 

No attempt is made here to provide detailed 
discussions of field methods, project environmental 
settings, or individual sites, features, and artifacts. 
Such description would be standard in some 
archaeological reporting formats, but much more 
detailed discussions, and more synthesis of regional 
prehistory, is being assembled in a series of project
specific compliance reports, conference papers, seminar 
papers, a graduate student thesis, and journal articles. 

The possibility of a cooperative University of 
Wyoming/Grand Teton National Park venture was first 
proposed by Robert Schiller, Director of the Science 
and Resource Management Division at Grand Teton. It 
was apparent that a series of mutual benefits could 

result, where University archaeologists would aid the 
Park with its increasing number of federally-mandated 
compliance projects while at the same time providing 
student training and employment opportunities. In 
addition, nearly 400 sites had been located in Grand 
Teton National Park and the adjacent Rockefeller 
Parkway at that time, but very little current information 
was available for many of them and modem re
evaluations were needed. At the same time, these 
various "applied research" compliance surveys and site 
revisit projects could contribute to broader theoretical 
frameworks relevant to our research throughout the 
region. The investigation of prehistoric settlement 
patterns and other aspects of landscape utilization is 
enhanced even by basic surface evidence, for example. 

The 1998 UW /GTNP CAP crew included the 
writer, UW Anthropology graduate students Alan 
Bartholomew and Mike Peterson, and volunteer 
archaeologist Jill Anderson. All work in Grand Teton 
has been coordinated with Park Historian Mike Johnson 
and USFS/GTNP Archaeologist Merry Haydon. Dave 
Hammond with the GTNP GPS unit and several other 
individuals aided with our projects. Yellowstone 
National Park Archaeologist Ann Johnson provided 
needed advice and materials on several occasions. All 
of our work was only possible because of the 
availability of the AMK Science Camp facilities, and 
the hospitality provided there by Hank and Mary Ann 
Harlow and their staff. 



High Altitude Adaptations 

It is assumed that most interested readers already are 
familiar with the ecology of the Greater Yellowstone 
Area, well beyond any brief synopsis that might be 
written down here. It might be noted that the nature of 
prehistoric (and early historic) adaptation to this high 
altitude environment has tended to be a main unifying 
theme for all archaeological research in the Greater 
Yellowstone Area. Whether Native American hunter
gatherers could even inhabit the area on a year-round 
basis is still a matter of debate. A heavy dependence on 
storage from specialized hunting and plant food 
processing would be required for a stay of any length 
during the cold season. 

The incomplete understanding of resource 
complexes associated with major lake basins, the 
apparent affiliations with the populations of several 
surrounding regions (e.g. Northwest Plains, Great 
Basin, Plateau) and other factors add to the complexity 
of archaeological interpretation at Grand Teton. The 
active geological regimes and relatively poor site 
preservation also make archaeological research in the 
area more difficult. 

Nevertheless, evidence from more than two 
decades has steadily added to both the details and to the 
broad theoretical considerations about how prehistoric 
people "lived off the land" in Jackson Hole. 
Radiocarbon dates, archaeomagnetic dates, and 
diagnostic artifacts have established a chronological 
framework extending back nearly 10,000 years. Most 
detailed research questions still depend on the 
excavation of stratified deposits that is the "bread and 
butter" of contemporary archaeology. Basic 
considerations of seasonal movement patterns first 
investigated more than 20 years ago now can be 
augmented with equation-based optimal foraging 
theory. Analysis of pollen, plant phytoliths, starch 
granules and other techniques can identify the exact 
plant types that were the being processed at a buried 
roasting pit, and so on. 

Other standard methodologies now include X
ray florescence analysis of obsidian artifacts, resulting 
in exact source attribution to a specific obsidian flow, 
and analysis of a site assemblage can "map out" 
movement patterns prior to the use and discard of the 
assemblage. Quantitative analysis of artifact 
orientations, sediment particles size, and other 
microstratigraphic data allows us to identify inherent 
limitations on what we actually should try to say about 
the occupational history of a given site deposit. 
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As just noted, surface evidence can contribute 
in at least a basic way to a broader understanding of 
prehistoric settlement strategies. The large samples of 
site locations discovered by surface survey are just what 
is what is needed here, although again follow-up 
excavation will always be an important component. 
Settlement pattern studies have two basic aspects, 1) 
trying to establish the mobility strategies of a specific 
ethnic group or time period, and 2) investigating the 
general and always patterned distribution of sites across 
the landscape that results from use of an area by 
different cultural groups or from all time periods. 
Different adaptive strategies can lead to different rates 
of mobility, more generalized or more specialized use 
the same plant and animal resources, and so on, but the 
most productive locations will always attract 
concentrated activity by any hunter-gatherer culture. 

Previous work and our recent work continues 
to clarify these patterns. Early investigators noted the 
concentration of sites at lake inlets and outlets and in 
other lacustrine settings. The nature of sites in other 
settings along the Snake River terrace system and those 
of its tributary systems continues to emerge. Site 
settings such as benches and ridge tops well back from 
any drainages are also known, and the lack of sites at 
similar settings right at the foot of the Teton Range 
seems to be another pattern. Eventually, more detailed 
correlation with topographic and environmental data 
will allow testing of specific propositions about 
settlement patterns, and also confer systematic and 
accurate predictive capabilities. 

THE REGIONAL CRM SYSTEM 

Along the same lines the writer must assume 
some basic familiarity on the part of the reader with the 
EIS-based Cultural Resource Management (CRM) 
system. Environmental impact legislation and various 
archaeological resource protection acts have dictated 
that archaeological sites must be treated as 
"nonrenewable resources", and their "significance" 
must be "evaluated" and any proposed "adverse 
impacts" must be "mitigated". Site significance is 
legally defmed by a series of conventions based on their 
ability to contribute information to a research design. 
Since all sites have at least some potential in this 
regard, evaluating significance is a practical matter 
saddled with a further series of conventions such as 
whether a given site is "eligible for nomination to the 
National Register ofHistoric Places" (once eligibility is 
established, an actual nomination is not necessary). 
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Being tied to National Register guidelines 
origi~ally intended for old buildings, the tendency to 
over-equate "site size "with "significance", and many 
other problems inherent in this process have been long 
debated, but these matters are beyond the scope of the 
discussion here. Suffice it to say that the system 
generally works, that sites are afforded protecti~n o.n a 
regular basis, and that the need for such protectiOn 1.s a 
very common event even in more isolated places like 
Grand Teton National Park. 

Fieldwork and reports are now part of a 
standard CRM cycle of "inventory survey" and "test 
excavation" wherein "nonsignificant sites" are usually 
afforded little or no protection while "significant sites" 
are protected through "avoidance", or mitigated by 
salvage excavation or other mitigation measures. This 
CRM cycle has been a multimillion dollar annual 
business in every state in the nation for more than two 
decades. Archaeologists from academic, state, federal, 
and commercial organizations coordinate their work 
with state, federal, and tribal regulatory structures to 
undertake the needed resource protection procedures. 
In a given season, for example, timber sales, various 
types of construction, and many other projects in the 
GY A might see month after month of fieldwork by a 
number of Forest Service archaeologists and BLM 
archaeologists from adjacent District Offices, along 
with work by National Park Service archaeologists 
stationed in the area. A crew from the NPS Midwest 
Archaeological Center of Lincoln, Nebraska might be 
working on these or other projects. Almost every year, 
state highway construction projects in the area will see 
NPS archaeologists and a Wyoming Department of 
Transportation archaeologist coordinating with crews 
from the Wyoming State Archaeologist as well as with 
archaeologists employed by CRM frrms. Other types of 
construction will result in field activities by individuals 
and small crews from three or four different consulting 
frrms, if not more, from several different states. 

In addition, the work in Grand Teton National 
Park now might also utilize a small but highly 
experienced crew and field school students from the 
University of Wyoming. How to best integrate our 
recent entry into this region-wide endeavor is "what we 
are about" at this time. Seeking a balance between 
resource protection, scientific research, professional 
staff development, regulatory issues, the sponsor's 
fmancial considerations, and many other factors is 
tricky at best. 

+ ARCHAEOLOGICAL RESEARCH IN 

GRAND TETON NATIONAL PARK 

If the writer may be pardoned for a bit of 
oversimplification, the University of Wyoming/Grand 
Teton National Park Cooperative Archaeology Program 
(UW /GTNP CAP) is basically the fifth phase in the 
archaeological history of Grand Teton National Park. 
Some of these phases were relatively discrete events, 
while others were more ongoing and/or overlapping. 
Earlier phases included work by the State University of 
New York (SUNY) (1970's-1980's) and a following set 
of years with the National Park Service Midwest 
Archaeological Center (NPS MWAC)(1980's-1990's). 
There also have been more sporadic but still definite 
contributions throughout this period by the University 
of Wyoming. A fourth phase can be seen in an ongoing 
set ofCRM field projects by several commercial frrms, 
by institutions such as Western Wyoming College, and 
by in-house NPS archaeologists (1990's-present). 

A number of amateur collectors have tended to 
emphasize enlarging their personal collections, but 
these also have been "part of the mix" . Also relevant to 
archaeological work by any organization in Grand 
Teton would be a useful but limited number of reports 
by ethnographers such as Shimkin ( 194 7), who report 
how the Wind River (Eastern) Shoshone would travel 
into Jackson Hole during the summer for hunting and 
gathering of edible plants, along with other works such 
as Murphy and Murphy ( 1960) and Lohse and Holmer 
(1990) for the Fort Hall Shoshone-Bannock. 

In spite of this amount of work, a researcher 
new to Grand Teton might gain the impression that we 
still need more updated and comprehensive summaries 
of what has been done and learned, and that we still 
lack a coherent theoretical approach to explaining the 
archaeological record in Grand Teton (this perception 
might need to be tempered a bit if we were to consider 
all of the previous GY A work). Research by SUNY 
and MWAC was consistent across a set of years but, in 
the long run, still somewhat episodic. When such teams 
do several years of significant work and then move on, 
they cannot help but leave behind something of a hiatus. 
The expertise and familiarity gained by these highly 
qualified professionals is available to subsequent 
researchers only in the form of condensed site forms 
and reports, and a great deal is lost in the translation. 

Recent CRM projects have added steady 
contributions, but these necessarily are relatively small 
and project-specific. The need for a more coherent and 
comprehensive research design for all archaeological 



work in the park was recently noted by new Grand 
Teton Cultural Resource Division Director Greg 
Kendrick. Whether the new UW /GTNP Cooperative 
Archaeology Project can contribute to this design, and 
do more than add yet another "episode", remains to be 
seen. 

The first year (1998) ofUW/GTNP CAP was 
a modest start and indeed a bit of a "shakedown cruise". 
We were able to go to about 16 locations, finding 14 

new sites or features and revisiting 30 previously 
known sites (see Fig. 1). The designofthe project has 
continued to evolve, but hopefully it can be 
demonstrated that it has had some success since that 
first season. At this writing, the first 3 field season have 
taken us to more than 40 locations, as described in 
more than 20 reports. Included by now are revisits 
nearly 70 previously known sites and the discovery of 
more than 50 new sites. Theoretical frameworks have 
been refined, and the writer continues to upgrade this 
aspect of the work as our familiarity with the Park 
grows. 

fig. I -1998 UW/GTNP Cooperative Archaeology Project Locations. 

+ OVERVIEW OF PREVIOUS 

ARCHAEOLOGICAL 
INvESTIGATIONS 

Grand Teton National Park and Jackson Hole 
have been the subject of numerous archaeological 
investigations for nearly 30 years. Occasional 
professional visits and contributions by avid 
avocational archaeologists go back even further. As 
was noted above, this effort is still coalescing because 
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of somewhat episodic research and several other 
factors. The active geological contexts in this high 
altitude area clearly are not conducive to the best sort of 
site preservation. Erosion from extremely active spring 
runoff and active wave erosion along lake margins is 
typical. Long stretches of shallow and rocky Holocene 
terraces and other geological contexts that do not lend 
themselves to the preservation of stratified deposits are 
common. 

Along the same lines but in something of an 
opposite sense, we often do not find the highly 
localized erosion and lack of ground cover that exposes 
at least the edges of sites elsewhere, allowing their 
discovery. There are large patches of eolian deposits in 
Grand Teton but they tend not to have the blowout 
exposures one might see elsewhere. Dense stands of 
grass and widespread leaf and needle litter, and the 
occasional occurrence of exceptionally deep Holocene 
deposits, also do not allow for good surface visibility. 
It has been estimated that the artificial raising of 
Jackson Lake submerged more than 100 archaeological 
sites, including apparently including the largest and 
most dense sites in the Park. These were studied during 
a brief period oflowered water in the early 1990's (see 
below), but they since then been inaccessible for any 
and all new research objectives. The Jackson Hole area 
is generally subsumed within the Northwestern Plains 
region as described by Mulloy (1958) and Frison 
( 1991 ), and the chronological frameworks outlined by 
Frison can be applied reasonably well (e.g. Paleoindian, 
Early, Middle and Late Plains Archaic, etc.). However, 
there has been a growing awareness that the Jackson 
Hole archaeological record also may have affmities 
with the Plateau to the northwest and the Great Basin to 
the southwest. Dating of diagnostic artifacts, 
establishing possible ethnic identity, characterizing 
settlement strategies, and other standard archaeological 
considerations are more complex as a result. Work in 
Grand Teton is limited somewhat by the state of 
research along the adjacent margins of these major 
regions and the type and amount of published work can 
vary a great deal. 

Recently, several researchers have moved 
toward trying to understand a Rocky 
Mountain/Intermountain Basin zone in the central part 
of the continent as a "culture area 11 in its own right, with 
year-round high altitude occupations and where 
"affiliations11 with surrounding regions are not as 
important in understanding cultural histories (e.g. Black 
1991; Kornfeld and Larson 1993, 1994; see also 
Benedict and Olson 1978; Benedict 1992; Frison 1976; 
Frison and Grey 1980). 
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UNIVERSITY OF WYOMING 

Work by the University of Wyoming would 
seem to be a logical place to start a discussion of the 
history of research in the state of Wyoming, although 
our prior involvement has been somewhat sporadic and 
project-specific, as was noted above. Work by UW 
does reflect among the earliest and overall the longest 
time span, so it is described first here. Various 
reconnaissance by Frison led to mentions of obsidian 
sources and other infonnation in regional overviews 
(1978, 1991), and a thesis by Love (1972) was among 
the first and most comprehensive professional reviews 
for the area. Love tended to view occupation of the 
Jackson Hole basin as seasonal in nature. Being from 
Jackson, Love was especially knowledgeable about the 
area but not able to continue archaeological work there. 

Mentions in other regional overviews 
continued, and a fairly extensive but short-term search 
for Paleo indian (late Pleistocene) deposits took place 
when Jackson Lake water levels were lowered (Frison 
1981, 1982; Frison, Eckerle, Adams and Ingbar 1989; 
Frison, Ingbar and Eckerle 1988). The work was 
coordinated with the ongoing NPS MW AC Jackson 
Lake Project, but in the long run neither organization 
could locate any substantial Paleoindian site deposits. 

This interest in this potential for older site 
deposits at Jackson Lake was due to the numerous 
Paleoindian diagnostics that had been collected there 
decades earlier by local amateur Slim Lawrence. This 
large collection is housed in a local museum, and it was 
the subject of a paper by UW student Mike Peterson 
(1991). His study provided useful information on 
chronological morphology, possible affiliations with 
other regions, and other topics (work with this and other 
local collections continued during a current thesis 
project by another UW graduate student, Alan 
Bartholomew, as is discussed below). Work by another 
UW student, Rich Adams, led to a thesis and 
conference papers that mention use of steatite 
(soapstone) by more recent Native American cultures in 
Jackson Hole and in other high altitude zones (e.g. 
Adams 1993) 

The search for Paleo indian materials continues 
as a major theme in the study of high altitude 
adaptations throughout the Greater Yellowstone Area. 
An ancillary UW/GTNP CAP project during the 1999 
season that might b e previewed at this juncture was 
another geoarchaeology reconnaissance led by Bob 
Kelly (1999). Kelly, the writer, and graduate students 
Clint Crago and Alan Bartholomew used surface survey 

and auger probes to locate and test deposits in the 
Potholes area, segments of the Snake River terraces, 
terraces along Pacific Creek, the outlet of Two Ocean 
Lake and Leigh Lake, Hedrick Pond, and Ditch Creek, 
and revisited known site areas at Kelly Warm Springs 
andBlacktail Butte. A number of paleosols were dated, 
but all proved to be ca. 3500- 1000 years old, i.e. not 
Late Pleistocene/Early Holocene in age. 

Although somewhat tangential, a 
dendroecology project by the writer and graduate 
students Peterson and Laura Scheiber added to our 
understanding of the ecology of the area (Reher and 
Scheiber 1995). Significant differences between flood 
plain tree stand age structure and growth rates where 
the Snake River had been channelized and leveed and 
those in undisturbed areas in Grand Teton Park were 
found. When combined with yet more relevant studies 
of frre return ecology, pollen studies and other studies, 
a more informed stance on prehistoric cultural ecology 
is available to archaeological investigators ( cf. also 
Baker 1970; Barnosky 1987; Cummings 1989, 1996; 
Gish 1986; Scott 1987; Waddington and Wright 1974; 
Whitlock and Bartlein 1993). 

A recent and large UW excavation project 
took place when the U.S. Fish and Wildlife service 
needed to construct new facilities at its Fish Hatchery 
next to the Elk Refuge outside of the town of Jackson 
(Larson 199 5 a). Directed by Mary Lou Larson, Marcel 
Kornfeld and David Rapson, the Henn Site ( 48TE 1291) 
excavations took place at the behest of USFW 
Archaeologist Rhoda Lewis, and it was another 
example of the CRM system discussed above. 
Although basically a salvage operation to allow 
expansion of parking facilities, it was beyond a doubt 
the most highly controlled excavation yet conducted in 
Jackson Hole, and it resulted in far and away the most 
detailed report ever done for the area. 

A great deal was learned about the Late 
Prehistoric-Protohistoric occupation of the area, since 
the Henn Site apparently represented an early 1800's 
Shoshonean processing location. Large roasting pits, 
1600 fragments ofbutchered bone, over 5100 pieces of 
chipped stone, and several thousand fragments of fire
cracked rock were recovered in the main subsurface 
component. An Archaic component (or set of 
components) was much more ephemeral, but an Early 
Archaic diagnostic artifact and obsidian hydration data 
indicate another use of the site area that might go back 
nearly 7000 years (Larson and Rapson 1995). 

An increased understanding of the role oflarge 
roasting pits resulted from this work, as did an 



expanded consideration of geological and biological (i.e. 
noncultural) site formation processes. This latter 
research framework is one that has not been applied 
enough to the poorly defmed stratigraphy found at most 
sites in Grand Teton National Park. The work of 
geoarchaeologist Jim Miller was very important in this 
regard (Miller 1995), while Rapson (1995a) provided 
an important and detailed report on faunal materials 
(which are usually poorly preserved in high altitude 
settings). The X-ray florescence spectral analysis of 
obsidian sources was spearheaded by Kunselman, and 
combined with unusually detailed analysis of fire
altered rock (Kunselman, Kornfeld and Miller 1995). 
Consultants were used to gamer information on pollen 
and phytoliths (Fredlund 1995), obsidian hydration, 
archaeomagnetic dating and other topics ( cf. Kornfeld 
and Rapson 1995). Other chapters considered chipped 
stone technological organization (Larson 1995b ), site 
spatial structure (Rapson, Kornfeld and Larson 1995), 
fire hearth features (Rapson 1995b), and so on. 

Various 1998-2000 UW/GTNP CAP projects 
are discussed in more detail below. A Masters thesis by 
Bartholomew was another result of the program and this 
manuscript is now near completion (Bartholomew n.d.) 
This thesis will most defmitely be a major step in 
synthesizing of the archaeology of Grand Teton 
National Park. All of the UW/GTNP CAP work 
appears to now be becoming somewhat comparable to 
the work established by SUNY and the Midwest Center, 
adding another major component to the history of 
investigations in Grand Teton. 

STATE UNIVERSITY OF NEW YORK ALBANY 

Returning to the earlier history of 
archaeological investigations in Grand Teton, 
individuals from SUNY formed a prominent team in the 
late 1970's and early 1980's, including Stuart Reeve, 
Gary Wright, Susan Bender, and others. They 
produced a series of research reports, articles, theses 
and dissertations (e.g Reeve 1976, 1983, 1986; Wright 
1975, 1984; Marceau 1976; Bender 1983; Wright and 
Marceau 1977; Wright and Reeve 1976; Wright and 
Marceau 1977; Bender and Wright 1988), including 
some publications which stretched out for some years 
after the actual fieldwork. They worked in a number of 
areas and some of their work in high altitude areas (i.e. 
well up into the Teton range) is still all that is available 
for that zone. Eventually, however, their actual 
fieldwork was rather distinctly truncated. · 

The SUNY team did make significant progress 
in locating large sites with some deposition around the 
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inlets and outlets of major lakes such as Jenny Lake and 
Two Ocean Lake, and they also explored quartzite 
quarries on Blacktail Butte and other site types. They 
did extensive reconnaissance surveys and many of the 
site locations in Grand Teton are still known only from 
the brief site forms which they compiled. They 
provided a series of radiocarbon dates, documented 
numerous diagnostic projectile points, and information 
of other kind. 

Much of their more synthetic work converged 
on trying to understand prehistoric settlement patterns 
and seasonal movement patterns. As with most of the 
archaeological perspectives at the time, they tended at 
first to view mountainous zones as somewhat marginal, 
and inhabited only seasonally by migrants from lower 
intermontane basins. They discussed how these groups 
would shift through a series of base camps and 
secondary limited activity procurement sites as the 
season progressed, following the ripening of specific 
plants at increasing altitudes while also incorporating 
new resources in the diet (Bender 1983; Wright 1984). 
They discussed the consequences of this model for tool 
assemblage diversities in the two types of site, and 
predicted that the procurement sites could be identified 
by their much more specialized assemblages. 

In some earlier writings these investigators 
were more concerned with specific, high return rate 
resources known to be important in surrounding 
regions. Marceau (1976) called attention to the 
potential of aquatic resources such as the cutthroat 
trout, while Reeve (1983) was interested in the role of 
Blue Camas and other root crops. In later writings, 
some of these authors do discuss more of a broad 
spectrum resource use while still emphasizing a warm 
season occupation (Bender and Wright 1988). 

NATIONAL PARK SERVICE MID WEST CENTER 

Subsequent to the SUNY efforts a substantial 
amount of work has been done by the NPS Midwest 
Center, based in Lincoln, Nebraska. Essentially all 
their projects were involved with cultural resource 
management projects. These ranged from various small 
projects with accompanying brief standardized reports 
to a comprehensive set of annual reports of the 
"Jackson Lake Project" by Melissa Conner and others 
(e.g. Conner 1990a, 1995, 1998). These investigations 
at several sites exposed when Jackson Lake was 
lowered for dam repairs provide subsurface debitage 
densities and other data that continue to be useful. 
Much of the work was concentrated at the "Lawrence 
Site" ( 48TE509), perhaps the largest site in Jackson 



78 

Hole. Work in the Jenny Lake developed area also was 
substantial and included small test excavations, carbon 
dates, and so on (cf. Winfrey 1991, 1994; Conner 
1990b, 1992a, 1992b, 1995,Connor,etal1998,Conner 
et al1998). 

For the most part, the MW AC researchers 
continued to build on the settlement patterns models 
offered by the SUNY group. Sites are interpreted in 
terms of their basic function, e.g. base camps, short term 
base camps, limited activity sites, and so on ( cf. Conner 
1998). Large roasting pits found on the floor of 
Jackson Lake were examined in terms of their role in 
processing tubers, such as had been discussed by 
Wright and others. Overviews of projectile point 
typologies and chronology, research on paleoclimatic 
change, and other synthetic and ancillary work also was 
produced (e.g. Calabrese and Svee 1987; Scott 1987; 
Matz 1988; Conner 1998). 

Kenneth Cannon and various collaborators 
affiliated with MW AC as well as other investigators 
have contributed work specifically on the role of bison 
in prehistoric subsistence for the GYA and Jackson 
Hole, although les·s so for Grand Teton specifically, 
since the end of the MWAC Jackson Lake Project) (e.g. 
Cannon 1988, 1991, 1997, 1999, n.d.). Other important 
work has included new overviews of GY A chronology 
(Cannon and Schoen 1993 ), obsidian sourcing by USFS 
archaeologist James Schoen (1997); Conner and 
Kunselman ( 1997) and various other aspects of 
reporting on a couple of excavation site near to the Park 
(Cannon, Eckerle, and Pierce n.d.; Cannon and Sittler 
n.d.; Sittler and Cannon 2000). 

+ ADDITIONAL PROJECTS 

A small scattering ofCRM projects are pretty 
much all that remains for any overview of 
archaeological investigations in Grand Teton National 
Park(e.g. Truesdale 1994; Quick 1996; Johnson 1997); 
various site forms and other information and documents 
in our files also denote projects by the CRM service 
group at Western Wyoming College. A few more are 
added to this list each season, including a series of 
projects currently being documented by USFS/NPS 
archaeologist Merry Haydon, and these will be noted in 
more detail in subsequent reports. These reports often 
encounter little or no archaeological evidence since 
their location is determined by construction rather than 
archaeological priorities, but when something is found, 
it adds to our study of settlement locations, chronology 
and other topics. 

THE UW!GTNP COOPERATIVE ARCHAEOLOGY 

PROJECT 

The 1998 season of UW /GTNP CAP began 
with a backlog of standard CRM surveys. For several 
with higher priorities we were able to complete the 
fieldwork and turn in a brief report during the field 
sessions. Fieldwork took place primarily in the 
southern end ofthe park, although there was one project 
to the north along Colter Bay on Jackson Lake (see Fig. 
1) (Bartholomew, Peterson and Reher 1999a-b, 2000; 
Peterson, Bartholomew and Reher 1998a-c; 
Bartholomew and Reher 1998, 1999a-b ). 

The practicalities of the 1998 work contributed 
to planning and development of additional components 
which were added in 1999 such as an undergraduate 
archaeological field school, the Late Pleistocene/Early 
Holocene g eoarchaeological research reconnaissance 
(Kelly 1999), and a defmite expansion of the basic 
inventory, site revisit and test excavation phases of the 
project (see 1999 and 2000 Annual Reports; also 
Bartholomew and Reher 1999c, 2000a-k). During 1999 
and 2000, a series of public presentations, conference 
papers, and a Master's thesis project also were initiated 
(Reher eta! 2000; Bartholomew n.d.). Other public 
education initiatives also have been discussed (e.g. 
interpretive displays at UW and at Grand Teton 
facilities). 

The 2000 season concentrated on an extensive 
mapping and test excavation project at the Cow Lake 
Site (48TE1536), an interesting and still not completely 
understood Early Historic tipi ring site (Reher eta I 
2000). This project had more of a research orientation, 
although it also was part of our general documentation 
and evaluation of archaeological resources in the Park. 
A full report with detailed artifact analysis and other 
information is forthcoming, and this will go far beyond 
the basic CRM survey report produced when the site 
was first found (Bartholomew and Reher 2000k). 

Although a few of our endeavors were only in 
the planning and/or proposal stage during 1998, their 
general nature should be summarized as seen in Table 1 
in order to convey here the overall scope ofUW /GTNP 
CAP. Pedestrian survey methods and site recording 
methods have been continually upgraded. Standardized 
surface lithic coding formats and forms, a site 
documentation procedural manual, upgraded report 
maps and graphics, and other materials were developed 
(e.g. Bartholomew and Reher 1999d). NPS personnel 
also cooperated with UW /GTNP CAP crews in the use 
of more accurate GPS equipment to record site 



boundaries. 

An overall research outline also has been 
under development (again, as outlined in Table 1), 
ranging from standard considerations such as refining 
regional chronologies, to more specific questions about 
prehistoric settlement patterns and changes in 
occupational intensity through time. Detailed site 
formation processes studies such as developed for the 
Henn Site (48TE1291) (Miller 1995; Larson 1995; 
Rapson, Kornfeld and Larson 1995) cannot be applied 
during surface surveys and small test excavations, but 
they did provide guidance as surface/subsurface 
debitage density ratios were compared, as other site 
information was gathered, and as sites were evaluated. 
The Cow Lake Project has brought on much more 
detailed considerations of historical, ethnographic, and 
Tribal oral history resources, and these studies now too 
are underway. Lithic source analysis, studies of quarry 
site use and other related frameworks were also 
established. 

Table 1 - UW /GTNP Cooperative Archaeological 
Program Structure 

Small Compliance Surveys 

Medium-Large Compliance Survey Blocks 

Inventory and Evaluation Surveys for High 
Visitation/Development Zones 

Site Revisits, Documentation Upgrades, and Re-
evaluations 

Reconnaissance Survey Transects 

University Archaeological Field School 

Research Assistant Employment and Training 

Conference Presentations, Publications, Technical 
Reports 

Master Thesis Research Projects 

Site-Specific Research Projects 

Geoarchaeological Research Projects 

Public Education Initiatives 
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Research Design Development 
Chronology Refmement 
Site Formation Processes 
Prehistoric Cultural Ecology, Subsistence and 
Settlement Patterns 
Measuring Prehistoric Occupational Intensity 

Late Pleistocene/Early Holocene Geoarchaeology 

Protohistoric/Early Historic Native American Land 
Use 
Tribal Ethnohistory 

Tribal Oral Traditions 
Early Historic Trash Discard Patterns, Subsistence 
and Settlement Patterns 
Local History 

Archaeologically Relevant Topographic, Ecological 
Stratification 
Computer, GIS Applications 

+ THE 1998 FIELD SEASON 

The 1998 UW/GTNP Archaeology Project had 
three very basic objectives: 

1) small and medium-sized surface inventory clearance 
surveys for specifically identified development project, 
and other inventories to provide more generalized 
evaluations for zones where development of various 
types might take place, or where public visitation was 
having an increasing impact; 

2) revisits to previously recorded sites in order to 
provide more current evaluations of their size, richness, 
and state of preservation; 

3) whenever possible, an attempt to combine the first 
two tasks with the reconnaissance of new areas via 
intervening survey transects. 

Most of the 1998 work took place in the 
southern half of the Park, with the exception of one 
project at Colter Bay on the northern end of Jackson 
Lake (Fig. 1 ). The first field season was limited to 
essentially a couple of weeks in the field and we had to 
develop a familiarity with the Park landscape and the 
practicalities of Park procedures. In spite of this, we 
were able to inventory 8 small to medium survey blocks 
as part of 6 compliance related projects (Fig. 1, Table 
2). Seven new sites or isolated features were found and 
3 previously recorded sites were revisited. Eight more 
Park areas were the location of reconnaissance transects 
and site revisits, resulting in the discovery of 6 new 
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sites or features and revisits to 27 known sites. Thus a 
total of 16 locations were visited, 14 new sites or 
features were found, and 30 known sites were revisited. 

Table 2. Sunnnary of 1998 UW /GTNP Cooperative Archaeology Pro· ects Activities 
Project Area New Sites Site Type Revisited Site Type 
Compliance Sites 
Swv~s 

Jackson Hole - - - -
Visitor's Center 

Jenny Lake - - - -
Overlook 

Colter Bay Trail - - -
Rehabilitation 

Gros Ventre 48TEI459 lithic - -
Campground procurement, 

processing 
station 

Triangle X 967 (new early historic 967 Triangle X 
Ranch features) trash scatter Ranch 

Moose Visitor 901 (new early historic 397 lithic 
Center- features) foundations scatter, 
Doman's Block small 

campsite 
901 (new lithic/FCR - -
features) scatter 

Moose Visitor 1484 early historic 
Center - Moose foundations, 
Block trash scatters 

Moose Visitor 1482 early historic 398 lithic scatter 
Center - Moose fow1dations 
Triangle 

1483 lithic - -
procurement 

8- project 7- new 3- site -
areas sites/features revisits 

Blacktail Butte 1486 early historic 350-354 lithic 
West trash, lithics scatters, 
Reconnaissance stone circle 
and East 
Revisits 

1487 lithic 381 lithic 
procurement, scatter, 
scatter campsites 

1488 lithic scatter 385-388 lithic 
scatters, 
campsites 

1489 lithic seater, 391 lithic 
small camp scatter, 

campsites 

1490 early historic 400, quarries 
trash 401/523, 

402 

Cascade - - - -
Canyon/Lake 
solitude 

Snake River 405 (new 405 lithic 
Terraces/ features) scatter, 
Blacktail Ponds, campsite 
Cottonwood early 
Creek historic 

foundations, 
trash 

Isolated Small cairn 
feature 

- 406 lithic 
scatter, 
campsite 

- - 614,615, lithic 
611 scatters 

campsites 

Jenny Lake - - 411m lithic 
South 414m 576, scatter, 

1139 campsites 

String Lake - - 412, 1139 lithic 
scatters 

Beaver Creek - - 498 lithic scatter 

8- project 7- new 27- site 
areas sites/features revisits 

1998 Totals 
16- project 14- new 30- sites 
areas sites/features revisits 

The "project areas" mentioned above and 
listed in Table 2 are used in a somewhat flexible 
manner to indicate separate surface survey locations. 
Two or three of them might be part of the same 
compliance project or general reconnaissance, however, 
e.g. 3 fairly closely spaced survey blocks that combined 
made up the Moose Visitor Center compliance survey. 
The Blacktail Pond and Cottonwood reconnaissance 
blocks were surveyed to revisit sites along a certain 
stretch of the Snake River, but they were about a mile 
apart and on opposite sides of the river. As another 
example, one project area in the 1998 Blacktail Butte 
reconnaissance was a complex set of transects designed 
to maximize revisits to known sites, and it stretched out 
south of and along the west side of the butte for 11 km 
(7 miles). A revisit to several known sites on the 
east/southeast part of Blacktail Butte was separated 
enough that it should be considered as a different 
project area. 

Site revisits were an important part of our 
charge from Grand Teton National Park. Nearly 400 
sites had been recorded for Grand Teton National Park 
and the adjacent Rockefeller Parkway, but many were 
ftrst found two decades ago or more, and a one-page, 
mimeographed "lithic scatter" site form and a "dot on a 
map" might be all that was available. Even sites that 
have been restudied more recently have been subject to 
impacts and changes of various kinds, and an updated 
evaluation was crucial for management purposes. 
Eventually, our work will contribute to a NPS Rocky 
Mountain Region Site Status database. 



The majority of the more than 50 sites we have 
revisited needed some fairly definite change or addition 
to the original evaluation. Almost all are still in good 
state of preservation, but many are larger and more 
complex than was once thought. A few others have had 
detrimental impacts, or we found no current surface 
evidence, or there was some other relevant modification 
needed. 

Standard field methods were used for most 
project areas and project types. Intensive zig-zag 
pedestrian transects were aligned according to either 
compass bearings or topographic structure. Spacing 
between surveyors ranged from 5 to 30 meters 
depending on the pmpose of a given survey. Upon 
being encountered, sites were given much more 
intensivy coverage and pinflags were used to mark all 
surface artifacts and features. Inventories listing lithic 
material type, apparent stage of reduction, and other 
information were integrated with field map index 
numbers showing the artifact locations. Sites also were 
placed on USGS Quad maps, UTM coordinates were 
established for site boundaries using handheld GPS 
units, Wyoming Cultural Property Forms were filled out 
and detailed sketch maps were produced. Selected 
diagnostic artifacts were occasionally collected for 
subsequent documentation and analysis, but a no
collection policy was the most common policy. Shovel 
testing was not commonly employed because a final 
determination of eligibility was not needed prior to 
some sort of direct impact from construction, etc. 

Standard, fairly short reports are compiled 
after the field season, with comments on project 
location, local environment, field methods, artifacts, 
recommendations, and other information (see relevant 
citations below). As would be expected by anyone 
familiar with the CRM cycle, the site forms and other 
documentation for new or revisited sites accompanying 
are voluminous, and several hundred pages of 
documents have been produced as a result of just the 
1998 and 1999 seasons. 

Although certain advantages accrue when one 
is able to inventory a standard "legal description" (e.g. 
the "NW 114 of Sec. 16"), or when a survey is based on 
a "100 meter wide-transect aligned on True North", 
this has usually not been the case in our work at Grand 
Teton. Such quadrant are easier for a land manager to 
incorporate in planning or archival purposes, and the 
research archaeologist can more easily convert use a 
known sampling fraction for statistical evaluation of site 
densities. However, our projects have been dictated by 
an irregular construction zone or the shape of an 
existing walking trail complex, or where new sites are 
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likely to be exposed along a meandering terrace 
cutbank or other considerations. As even this less 
regularized coverage accumulates, it does gradually 
allow us to generate testable propositions about 
prehistoric landscape use, and we still hope to do this in 
an increasingly systematic way in the future. 

+ COMPLIANCE SURVEYS 

Jackson Visitor's Campus and Jenny Lake Overlook 

The clearance surveys defmed by GTNP 
personnel included small projects such as a possible 
building site next to the existing visitor's center in 
Jackson Hole, and an expanded overlook parking 
turnout on the shore of Jenny Lake. The visitor center 
building was confrrmed to be in an already disturbed 
and/or marshy urban-edge setting, and the Jenny Lake 
turnout was restricted to steep, rocky zone with no 
terrace, slope, or beach deposits, so no archaeological 
potential existed in either case (see Table 2; Peterson, 
Bartholomew and Reher 1998a, 1998b). 

Colter Bay Trails and Gros Ventre Campground 

The Colter Bay Trails project and Gros Ventre 
campground were somewhat more sizeable, e.g. an 
irregular survey area ca. 500 meters across at the Gros 
Ventre Campground to incorporate the proposed 
construction zone and a site which extended out from it 
(Peterson, Bartholomew and Reher 1998c; 
Bartholomew and Reher 1999a). No cultural resources 
were found in the areas designated at Colter Bay for 
trail rehabilitation, while one large but shallow lithic 
and frre-cracked rock scatter was found at the Gros 
Ventre Campground. Shovel testing was utilized to 
determine site boundaries, and to confirm that there was 
almost no deposition, with site materials being directly 
on the underlying alluvial cobble bed. Testing and 
procurement of quartzite cobbles seemed to be the main 
activity, with the FCR and a partial grinding slab 
indicating that other processing activities also took 
place. Only one smallish comer of the site would be 
impinged by the proposed construction, and it was not 
thought to be significant. 

Triangle X Ranch 

A similar compliance survey was conducted to 
allow work on facilities at the Triangle X dude ranch 
(Bartholomew and Reher 1998). Whereas only a small, 
specific location was needed, we find it much more 
efficient to provide clearance for as large a block as is 
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possible, such that repeated small surveys might not be 
needed in the future (commercial CRM firms for 
obvious reasons don't always look at it this way, and 
federal archaeologists are sometimes constrained by 
practical or procedural policies). About 45 acres was 
surveyed for this project after this area was identified 
by the ranch operators as the most likely zone for any 
future ground disturbance, and complete clearance is 
now recommended for almost all of it. 

The Triangle X Ranch itself is on theN ational 
Register of Historic places as a historic site ( 48TE967), 
and several previous archaeological surveys had been 
conducted or in the vicinity. Prehistoric sites are 
known to occur on nearby ridges from reconnaissance 
conducted by Wright in 1974 (48TE440, 441) while 
three surveys by National Park Service archaeologists 
found no cultural resources. Two early historic 
irrigation systems and two foundations had been 
identified during other surveys ( 48TE 1333, 1334, 1321, 
1322). 

Several of the surveys either missed 6 early 
historic trash scatters or, in a couple of cases, 
apparently had relegated them to being "recent trash." 
Diagnostic artifacts among the several hundred that 
could be viewed showed that much of the dumping was 
sufficiently old to be legally eligible as an 
archaeological resource (e.g. late 1800's to early 
1900's). Such materials often do not get the attention 
they deserve, either by historians more concerned with 
documents or architecture, or by inexperienced 
archaeologists, but they can contribute to the 
significance of a site such as Triangle X. The trash 
materials have general historical archaeological 
significance in their own right because of the 
information inherent in them, and more specifically they 
can contribute to the investigation of early ranching life 
in Jackson Hole. Avoidance or further study of these 
trash midden areas should become part of the 
management policies for Triangle X Ranch. 

Moose Visitor Center 

The largest and most complex survey took 
place at the Moose Visitor Center. GTNP planned a 
new visitor center building at the site, although an 
construction location could not be specified when we 
were there. Park personnel requested an inventory 
survey of the three most likely zones so that their 
general feasibility for new construction could be 
evaluated. More detailed survey in the area also would 
be generally useful since it is one of the busier and more 
developed areas in the Park. Two subrectangular 
blocks and one triangular block were identified, termed 

the Doman's block (from nearby visitor facilities), the 
Moose Block (near to Moose Junction on Highway 26), 
and Moose Triangle (a triangular, relatively flat zone 
between the Moose-Wilson Road and the Teton Park 
Road northwest of the current visitor center). More 
than 200 acres was surveyed as a result of the requested 
project (Batholomew, Peterson and Reher 2000) .. 

Three new sites were located, including a large 
historic trash scatter with associated foundations 
(48TE1484). Several hundred items were flagged and 
mapped, including a number of artifacts with maker's 
marks, etc. that dated the site to the early 1900's. The 
site had some characteristics of early historic trash 
middens from a nearby habitation, but melted slag and 
nonhabitation foundations also gave it an "industrial" 
aspect, e.g. a bridge construction camp or something of 
that nature. The site was recommended for further 
study should it ever become part of an impact zone. 

Another large historic trash scatter and feature 
complex was located in the Triangle block 
(48TE1482),along with a quartzite cobble reduction 
sequence (48TE1483). The historic site was an early 
1900's homestead or a school that was known to be in 
the area, and Park Historian Mike Johnson indicated 
that he would be responsible for determining its exact 
afflliation. The cobble scatter was interesting in that 
had a number of pieces that could be refit to study 
cobble reduction technology with more specificity. Site 
48TE398 was revisited and confirmed to be a small, 
ephemeral lithic scatter of low significance. 

Work in the Moose Project Dornan's block 
revisited prehistoric site 48TE397 and determined that 
it had a diverse artifact assemblage and subsurface 
features, and accordingly some significance. Several 
large Early Historic foundations and debris middens 
were found in the area known to incorporate the 
historically significant Menor's Ferry site (48TE901). 
These and other materials had not been recorded 
previously, and indicate that the Ferry site has a much 
more definite archaeological signature than had been 
allowed for in previous historical reviews. It is more 
deserving of further review and protection as a result. 

+ RECONNAISSANCE SURVEYS AND 
SITE REVISITS 

Blacktail Butte Western Transect and East Site Revisits 

Blacktail Butte, a large mountainous feature 
in the southern end of Grand Teton, was known to have 



a series of significant archaeological sites after work 
there during the SUNY era (e.g. Wright and Marceau 
1981 ). NPS MW AC personnel conducted a few 
investigations in or near to it as well (e.g. Conner and 
Winchell 1991a, 1991b). Rising more than 1000 ft. 
above the surrounding basin floor, this glaciated fault 
block apparently offered a number of resources 
including diverse ecological settings, springs and small 
streams, and chippable stone. Tensleep formation 
quartzite quarries along its southern margin are 
apparently the most defmite non-obsidian lithic 
procurement zone in Jackson Hole. 

Wright and Marceau (1981) reported briefly 
on test excavations at Site 48TE391, which yielded 
numerous flakes, bone fragments, and tools made from 
obsidian, chert and quartzite. Obsidian hydration dates 
are somewhat questionable because they were derived 
before the need for ground temperature corrections was 
known, but they do provide reasonable estimates within 
at least 2 or 3 centuries. These dates clearly 
demonstrate a Middle Archaic age ca. 3500-4000 B.P. 
for at least some site components. Survey and testing 
several other sites (e.g. 48TE350-354) produced 
relatively dense artifacts, grinding stones, a tipi ring, 
and additional obsidian hydration dates ranging into the 
late Late Archaic or early Late Prehistoric period (ca. 
2000 B.P.) 

The presence of numerous sites, large and 
relatively unique site zones such as the quarries, and 
relatively rich buried components indicated that this 
would be an appropriate area to initiate a site revisit 
program in 1998 (Bartholomew, Peterson and Reher 
1999b; additional UW /GTNP CAP work was 
conducted during the 1999 season ( cf. Bartholomew and 
Reher 2000d). A complex transect was developed from 
the flats well south ofBlacktail Butte along and up its 
western side. A second site of previously recorded sites 
on the east/southeast side of the butte were the subject 
of revisits although we did less extensive and systematic 
evaluations. 

New sites discovered during the transect 
survey included a lithic scatter with an Early Historic 
component site with trash scatters and foundation 
(49TE1486), unfortunately recently burned, but with 
good subsurface potential), three lithic scatters, 
campsites or procurement areas (e.g. 48TE 1487, 1488, 
1489), and another small historic trash scatter 
(48TE1490). A larger number of sites were revisited, . 
including 48TE350-354, 48TE381, 48TE385-88, 
48TE391, 49TE400, 401/523, and 402 (Table 2). 
Several of the sites received extensive remapping, 
inventory of surface artifacts, and other procedures as 
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part of an updated evaluation. A large number of the 
others were revisited and evaluation of their status was 
upgraded. More extensive work in the largest quartzite 
procurement zone was beyond the scope of the current 
reconnaissance. 

Cascade Canyon/Lake Solitude Reconnaissance 

Having been informed about archaeological 
materials around Lake Solitude by local residents, a 
reconnaissance of this area was planned. No 
archaeological work had been conducted in this high 
altitude zone in the central Teton range , and it was 
thought that even the most basic sort of information, 
e.g. surface lithic types and densities, would be useful 
for comparison to the basin-floor sites. A hike of ca. 16 
km ( 10 miles) one way was necessary to achieve this 
goal. Unfortunately, during the July session used for 
the reconnaissance, the lake margins were still snow 
covered and the site location could not been confirmed 
(Bartholomew and Reher 1999a). 

The Lake Solitude project is listed in the 
"reconnaissance" section of this report since that was 
the primary purpose at that juncture. However, 
Cascade Canyon Trail used to reach the area was 
subjected to an intensive, "Class III Inventory" level of 
coverage while it was being traversed. The trail rut, the 
edges of drainages crossed by the trails, rodent mounds 
along the trail corridor, and other features were 
inspected. It is always part of our purpose to establish 
coverage on this level to the extent possible in case 
future GTNP planning can utilize the survey for 
clearance purposes. This proved to be the case two 
years later when a few trail maintenance locations 
needed that clearance. 

Snake River Terraces/Blacktail Ponds, Cottonwood 
Creek Areas 

Another more substantial reconnaissance/ 
revisit project took place in two 1 ocations a long the 
Snake River valley (Bartholomew and Reher 1999b ). 
Once again, the occurrence of known sites and a desire 
to add to our knowledge about a specific environmental 
setting dictated selection of the sample area. 

Sites in the Blacktail Ponds Overlook area 
were first recorded by Wright in 1973 (48TE405, 406). 
(Wright 1975). The juxtaposition of the north end of 
Blacktail Butte, the confluence of Ditch Creek and the 
Snake River, and other "ecotonal" features would have 
made the general area one of the more attractive 
habitation areas for all prehistoric hunter-gatherers. It 
is not surprising that the diffuse surface scatters oflithic 
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debitage and frrecracked rock found there stretch out 
for several hundred meters. Unfortunately, the most 
dense part of 48TE405 were destroyed by construction 
of parking lots. A large, previously unrecorded early 
historic site with trash scatters and foundation adds to 
the complexity of what remains of the site. Site 
48TE406 is nearby and is a similar prehistoric 
accumulation. Middle Archaic diagnostics projectile 
points have been reported for both sites, and the 
probably should be considered as one site complex. 

Another similar site complex was relocated 
across the Snake River along the mouth of Cottonwood 
Creek (48TE614, 615). Sites 48TE611, 614, and 615 
had not received much attention since being reported by 
Wright and Marceau in 1976. These sites were easily 
relocated because of the large diffuse surface scatters of 
chipped stone and frrecracked rock. These two main 
sites are on adjacent upper and lower terrace zones and 
should be re-evaluated as one site complex. Diagnostic 
projectile points observed at the sites indicate their 
occupation may extend back to the Early Archaic 
period, i.e. 6000 years ago or more. Another site 
reported by Wright, 48TE611, could not be specifically 
relocated, although one Late Paleoindian Cody 
Complex point (ca. 8,000 B.P.) was found there. 

Detailed documentation and other information 
was upgraded for all four sites in the 2 blocks, although 
additional research on the historic site, test excavation 
and other procedures still would be needed for a 
complete evaluation. On the order of 50 to 100 surface 
lithics were found and documented in each site area on 
the basis of this very basic and quick revisit. Although 
relatively low compared to surface manifestations in 
other areas, these surface artifacts always reflect much 
higher subsurface densities, and indicate that these are 
probably among the more significant sites in Grand 
Teton National Park. 

Jenny Lake South and String Lake 

A set of sites around the inlets and outlets of 
Jenny Lake and String Lake received a lot of attention 
from both SUNY and MW AC investigators. This was 
partly due to the fact that, as would be expected in such 
an environmental setting, this is one of the larger site 
complexes in Grand Teton. Their work also was at 
least partly because this area has among the highest 
visitation levels and most development, leading to a 
continuing need to monitor and evaluate the effects of 
various types of impact. Six sites were revisited there 
during the 1998 season, and some initial documentation 
was accomplished, including sites such as 48TE411, 
412, 414, 576, 1282, and 1283. These include large 

and small lithic scatters and a large historic site (1282), 
the location of a CCC construction camp and later Park 
employee housing. Site 414, which is scattered in and 
around the existing Jenny Lake visitor center, was the 
main location for the previous studies by both the 
SUNY and MW AC teams and our more recent work. A 
fair density of subsurface lithics, datable fire hearths, 
and diagnostic artifacts from their work and ours 
indicate occupations extending from the Late 
Prehistoric back to include at least 2 Paleoindian eras 
(Cody and Hell Gap/Haskett). The UW /GTNP CAP 
study continued in 1999, and the main results from both 
years are incorporated in that report (Bartholomew and 
Reher 2000b ). 

Beaver Creek Reconnaissance 

During the Moose Visitor Center project a 
judgmental survey transect was walked from the north 
end of the Moose Triangle block out to the north and 
swinging back to the south side of the block, for a total 
of about 5 km. (3 miles). Various projects such as the 
Moose Visitor Center, the Blacktail Ponds and 
Cottonwood Creek reconnaissance, and the north end of 
the Black Tail Butte reconnaissance were giving us a 
good "quasi-transect" across the southern end of the 
Park, and a look at the zone further to the west was 
desirable. No sites were found, due at least in part to 
dense vegetation and leaf litter. A previously known 
site ( 48TE498) was revisited, although not recorded in 
any detail, it did confirm the presence of rather 
substantial sites in settings on benches above marshes 
and ponds, well back into the "foothills" and quite some 
distance from main drainages . . 

+ SUMMARY 

A series of investigators have conducted 
archaeological research in Grand Teton National Park 
for more than 25 years, including teams from State 
University of New York, the National Park Service 
Midwest Archaeological Center, the University of 
Wyoming in various guises, and a series ofCRM firms 
and in-house NPS archaeologists. Research has been 
somewhat hindered by the lack of continuity from the 
rather episodic involvement of these various parties, as 
well as by other factors such as poor ground visibility 
and active geological regimes that are not conducive to 
site preservation . Although this is not that dramatically 
different than the investigative histories of other 
regions, striving for more consistent methods and 
theoretical frameworks would be very desirable. 
Revisits and updated evaluations of numerous sites 



recorded very briefly 15 or 20 years ago are also greatly 
needed. 

The 1998 season saw the first fieldwork by the 
writer and UW staff and students as part of a potentially 
long term cooperative project designed to overcome 
some of those limitations. A high level of activity 
during relatively brief field sessions resulted in work at 
16 locations, including the discovery of 14 new sites 
and revisits to 30 more. The subsequent 1999 field 
sessions more than doubled all of these totals, while the 
2000 season concentrated on research at one of the 
more significant site fmds (to be detailed in subsequent 
reports; even so, a few new sites were found and other 
sites were revisited) .. 

The UW/GTNP Project has developed a 
library section for relevant literature, developed a 
standardized set of procedures and recording formats, 
and other materials. A series of technical reports, 
presentations at scientific conferences, public 
presentations, use of UW /GTNP CAP materials in 
several classes, and a Master's thesis also have resulted 
from the cooperative project. The UW/GTNP 
Cooperative Archaeology Project would intend to 
develop increased use of local historical resources and 
tribal ethnohistories as well, and all of the frameworks 
listed above should contribute to more interpretation in 
museums and other public settings. 

Projects up to now have included small and 
medium-sized compliance surveys, inventory and site 
evaluations in areas with high levels of visitation or 
areas slated for facilities development (including 
increasing amounts of test excavations), areal 
reconnaissance surveys and site revisits, staff and field 
school training exercises, a geoarchaeological 
reconnaissance looking for older site deposits, and 
several other project types. The specifics of these 
various project locations and results were outlined just 
above so less needs to be said here. Of the more than 
55 sites which we revisited, the majority had some very 
definite difference from what had been recorded 
previously. Many were larger and more complex than 
had been recorded, while others might be have very few 
or no artifacts visible where many had once been 
reported. A few had received increasing amounts of 
impact from heavy visitation and so on, and all of these 
matters are informative for future management 
purposes. For many of the sites revisited, our work 
resulted in the first detailed maps and surface artifact 
inventories yet done there. 

With the discoveries in recent years, nearly 
450 archaeological sites are now known for Grand 

85 

Teton Park and the adjacent Rockefeller Parkway 
(several hundred more if adjacent portions ofNational 
Forests and Yellowstone National Park are included). 
Increasing numbers of radiocarbon dates, obsidian 
hydration dates, and archaeomagnetic dates have 
enhanced the details of the regional chronology, 
although these usually derive only from intense 
excavation work. The chronology of Jackson Hole is 
still not completely understood. Increasing evidence of 
some sort of affiliations with all surrounding regions is 
another result of such work, not just the Northwest 
Plains as once tended to configure most research 
objectives. Obsidian source analysis, studies of site 
microstratigraphy formation processes, climatic 
reconstruction and many other frameworks can now be 
applied in much more detail. 

A series of more broad cultural ecology 
research frameworks also have emerged from the last 
several decades, primarily aimed at furthering our 
understanding of prehistoric adaptation in high altitude 
environments. Originally viewed as marginal at best, 
perspectives on mountain basins have shifted to expect 
at least regular seasonal use with a well established 
system of base camps and satellite sites. The potential 
richness of a number key animal and plant resources has 
been established and the presence of year-round 
occupations, requiring substantial housing structures 
and specialized storage strategies, are now considered a 
possibility in many high altitude zones, at least during 
some eras. 

The numerous surface surveys conducted by 
UW /GTNP CAP and other groups is producing better 
understanding of the general parameters of prehistoric 
settlement patterns. Like all high altitude zones, 
Jackson Hole is structured by a series of linear 
"resource patches" along drainages, other resource 
patches around the larger lakes, especially at inlets and 
outlets, as well as resources patches of different shapes 
at marshes and smaller lakes and ponds, and several 
other resource structures. Site concentrations have now 
been well documented at several of the more productive 
settings, and the patterned nature of scatters of smaller 
sites in other settings is beginning to emerge. 
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+ ABSTRACT 

Male sagebrush crickets, Cyphoderris 
strepitans, offer an unusual nuptial food gift to 
females during copulation: females are permitted to 
feed on the hind wings of males and ingest 
hemolymph that flows from the resulting wounds. 
Johnson et al. (1999) showed that females 
experimentally precluded from wing feeding during 
initial copulations were more receptive to subsequent 
matings than females allowed to obtain a blood meal 
during initial copulations. The present study was 
designed to test the hypothesis that substances 
contained in the hemolymph of males and ingested 
by females during copulation function to decrease 
female receptivity to further matings, and thereby 
constitute male manipulation. To test this hypothesis, 
females were allowed to mate with an initial virgin 
male whose hind wings had been surgically removed 
to prevent wing feeding. Following these initial 
copulations, females were fed one of the following 
substances: male hemolymph, female hemolymph, or 
cricket Ringer's solution. Immediately following 
ingestion of the prescribed substances, females were 
given the opportunity to remate with novel virgin 
males whose hind wings had been left intact, and 
their latency to remating used as a measure of their 
sexual receptivity. There was no significant 
difference in latency to remating across treatments, 
suggesting no effect of hemolymph ingestion on 
female receptivity. The disparity between the results 
of the previous study (Johnson et al. 1999) and those 

of the present one suggest that the nutritional 
contribution derived through wing feeding, rather 
than male manipulation of female receptivity via 
substances in the hemolymph, affect remating 
propensity of female sagebrush crickets. 

+ INTRODUCTION 

In various insect species, females mate with 
multiple males and are able to exert greater control 
over the process of reproduction than males, because 
females maintain direct control over the transfer of 
sperm and the use of stored sperm for subsequent 
fertilizations (Thornhill and Alcock 1983; Sakaluk 
1984; Sakaluk and Eggert 1996; Eberhard 1996). 
From an evolutionary perspective, such cryptic 
female choice is in direct conflict with the 
reproductive interests of males. While females may 
benefit by being selective of the potential sires of 
their offspring, male reproductive success is 
contingent upon maximizing the returns from their 
gametic investment by ensuring that their sperm are 
used for fertilizations. 

This direct evolutionary conflict between the 
sexes over the use of sperm for fertilizations has led 
to the evolution of male counter-strategies to cryptic 
female mating preferences in many species. Such 
male counter strategies include: mate guarding, mate 
sequestering, multiple or forced copulations, or the 
use of specific anti-receptivity devices (such as 
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mating plugs) or anti-receptivity substances (Sakaluk: 
1991; Andersson and Iwasa 1996; Sakaluk et al. 
1995). The use of anti-aphrodisiacs, such as 
hormones transferred from the male to the female 
during copulation, has been reported for several 
insect species (Eberhard 1996). 

Male sagebrush crickets, Cyphoderris 
strepitans, offer an unusual nuptial food gift to 
females during copulation. Females are allowed to 
feed on the fleshy hind wings of males and to ingest 
hemolymph that oozes from the resultant, non-fatal 
wounds. Because only a portion of the hind wing 
material is consumed in a given copulation, males are 
not precluded from mating again (Dodson et. al 
1983). In a recent study by Johnson et al. (1999), 
female C. strepitans were given the opportunity to 
mate with virgin males in an initial mating trial in 
which males were subjected to one of two 
experimental treatments: 1) males' hind wings were 
left intact such that copulatory wing feeding was 
possible; 2) males' hind wings were surgically 
removed to prevent copulatory wing feeding. 
Following this initial copulation, females were 
allowed the opportunity to remate with a virgin male 
with intact hind wings, and latency to remating was 
recorded as a measure of female receptivity to 
subsequent copulations. Females that were 
experimentally prevented from wing feeding during 
initial copulations were significantly more receptive to 
subsequent copulations than females who were 
allowed to wing feed during their initial mating. 

Johnson et al. ( 1999) interpreted these 
results as evidence for cryptic female choice, in 
which females receiving inadequate nourishment 
from males at mating seek out additional matings 
with males who offer a greater nutritional investment. 
Alternatively, the fact that females who were allowed 
to wing feed during initial copulations were less 
receptive to rnatings with subsequent males could be 
interpreted as evidence of male manipulation 
(Johnson et al. 1999). This study was designed to 
test the hypothesis that chemical substances 
contained in the hemolymph of males and ingested 
by females during copulation, function to decrease 
female receptivity to subsequent copulations and 
thereby protect the paternity of investing males. 

To test this hypothesis, females captured 
early in the breeding season (May-June 2000) were 
mated with an initial virgin male whose hind wings had 
been surgically removed to prevent wing feeding. 
Following successful initial copulation, females were 
fed either hemolymph obtained from adult males, 
hemolymph obtained from adult females, or cricket 

Ringer's solution. Immediately following the 
prescribed feeding treatment, females were given the 
opportunity to rernate with a novel virgin male with 
intact hind wings. The "male manipulation" 
hypothesis predicts that ingestion of adult male 
hemolymph should increase female latency to 
subsequent copulation relative to that of females who 
ingest either the hemolymph of adult females or 
cricket Ringer's solution. 

+ METHODS 

The study was conducted early in the 
breeding season (mid May) at the University of 
Wyoming-National Park Service Research Center, 
where previous studies of this species have been 
conducted (Snedden and Sakaluk 1992; Eggert and 
Sakaluk 1994; Sakaluk et al. 1995). Adult males and 
adult females were collected from several 
populations within Grand Teton National Park and 
transported to the research center. Experimental 
subjects were maintained at the research center 
according to standard procedures (Snedden and 
Sakaluk 1992; Eggert and Sakaluk 1994). All males 
used in the experiment were virgins, as indicated by 
intact hind wings. The mating status of females was 
unknown. 

Twenty-four hours after initial capture, 
females were randomly assigned to initial mating 
trials with a virgin male whose hind wings had been 
surgically removed to prevent wing feeding. 
Surgically altered males were allowed 24 hours 
recovery prior to use in mating trials. Initial mating 
trials were established in small, glass viewing jars 
equipped with a short stick as a calling perch for 
males. Pairs were established early in the evening 
when the crickets normally become sexually active 
and mating behaviors were monitored over the next six 
hours via direct observation. Females that did not 
mate successfully during the first night were allowed 
the opportunity to mate the next night and every night . 
thereafter until successful initial copulation had 
occurred or the study had ended. No food or water 
was provided during mating trials. 

Immediately following successful 
copulation with the initial male, experimental 
treatments were established in which females were 
allowed to consume 20 J.tl of one of the following 
substances: 1) hemolymph obtained from an adult 
male; 2) hemolymph obtained from an adult 
female; 3) cricket Ringer's solution. All treatments 
were pipetted onto a small piece of puffed rice, which 
readily absorbed the liquid, and presented to females 



on the tip of a dissecting probe. Females readily 
consumed food items presented in this manner. 

Immediately following the ingestion of their 
prescribed substance, females were assigned to 
subsequent mating trials with novel virgin males 
whose hind wings were left intact. Experimental 
pairs were placed into specially constructed Plexiglas 
viewing chambers divided into two equal 
compartments (10 x 6.8 x 4.4 em) that allowed time
lapse video monitoring of subsequent mating trials. 
Each compartment was equipped with a calling perch 
in the form of a short stick. Females that had not 
mated successfully by dawn were paired with another 
virgin male for 12 hours the following evening, and 
every evening thereafter until successful copulation 
occurred or the study had ended. As before, no food 
or water was provided during mating trials. 

Upon review of the video recordings of 
subsequent mating trials, the following measures of 
female remating propensity were recorded relative to 
the start of the trial: 
1) time at which females first mounted males and 
total number of mounts; 
2) time at which successful copulation occurred 
(indicated by transfer of the spermatophore). 

Analysis of variance was used to compare 
number of female mounts across treatments. 
Nonparametric failure-time analysis was used in 
comparisons of time to remating. This analysis 
provides a means of accommodating censored data, 
such as observations in which an event may not have 
occurred before the end of the study (Fox 1993). 
Data such as these are often omitted from any 
subsequent analyses, which can lead to biased 
comparisons (Fox 1993). 

Hemolymph was extracted from adult males 
by severing one of the hind wings and using a micro
hematocrit capillary tube to draw hemolymph from 
the wound. Extraction of hemolymph from adult 
females was performed by making a small incision in 
the cuticle of the pronotum and drawing hemolymph 
from the wound with a micro-hematocrit tube. 
Wounds caused by these procedures normally heal 
very rapidly and the insects were observed to recover 
fully from their operations. None of the males used 
to obtain hemolymph were used in mating trials. 

+ RESULTS 

The results of our study show no significant 
differences in female sexual receptivity across 
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treatments. Females that ingested male hemolymph 
had a slightly higher latency to remating on average, 
relative to females who received Ringer's solution 
and female hemolymph (Fig. 1). However, these 
differences were not statistically significant (Failure
time analysis: x2=2.68, P =0.262). Mean number of 
female mounts for each treatment did not differ 
significantly across treatments (ANOV A: F2,21 =0.86; 
P = 0.481; Fig. 2). 

500 1000 1500 2000 

Latency to relllltlng (minutes) 

Figure 1: Survival distribution of latency to remating for females 
in each treatment. There was no significant difference in latency to 
remating across treatments. 
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Figure 2: Mean number of female mounts (± 1 SE) for each 
treatment. There was no significant difference in mean number of 
female mounts across treatments. 

+ DISCUSSION 

Female receptivity to remating was not 
affected by ingestion of male hemolymph prior to 
subsequent copulation. These results are inconsistent 
with the predictions of the male manipulation 
hypothesis and in apparent contradiction of the 
results of the Johnson et al. (1999) study. One 
explanation for this discrepancy is that any putative 
chemical or nutritional effects on female receptivity 
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may be due to substances contained in the hind wing 
material rather than in the hemolymph of males. Our 
protocol did not account for this possibility as 
treatment substances consisted solely of hemolymph 
rather than wing material. 

Females in the Johnston et al. (1999) study 
were exposed to only two treatments in initial 
matings: females received either a wing meal or no 
wing meal. Due to constraints of sample size and 
statistical power, we were hesitant to introduce any 
additional treatments in the present study. However, 
a negative control in which females received nothing 
at all may have shown an effect of feeding in general 
on female remating behavior. 

It is often assumed that in insect mating 
systems involving nuptial food gifts, females obtain 
direct benefits for their offspring by mating 
preferentially with males that provide the greatest 
nutritional investment (Vahed 1998; Sakaluk 2000). 
In C. strepitans, variation in the capability of males 
to feed females may have favored females that seek 
out additional matings when receiving inadequate 
nourishment in previous matings. Such variation in 
male investment might be expected to arise as males 
continue to secure copulations and are gradually 
depleted of wing material and energy reserves. The 
results of the present study and those of Johnson et al. 
( 1999) suggest that it is the nutritional contribution 
that males make at mating, rather than male 
manipulation via substances in the hemolymph, that 
influence the remating propensity of females. 
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+ INTRODUCTION 

The elk and bison winter ranges in the 
Jackson Valley lie on a land complex consisting of 
Grand Teton NP (GTNP), National Elk Refuge 
(NER), town of Jackson, private ranches, and private 
housing developments. To reduce conflicts on these 
private lands, elk and bison are artificially fed alfalfa 
pellets at several feedgrounds located on the National 
Elk Refuge, the Gros Ventre Valley (Bridger-Teton 
NF), and south of the town. The concentrations of elk 
may be altering vegetation communities, especially 
riparian willow, aspen, buffaloberry, and other 
woody shrubs near the feedgrounds. Managers are 
concerned about these possible alterations. Human 
developments, human alterations, artificial feeding 
and high incidence of brucellosis in elk and bison 
complicate management of free-ranging ungulates in 
Grand Teton NP and the Jackson Valley. Managers 
need additional information on predicted land use 
changes, feeding scenarios, and ungulate-disease 
relations in the Jackson Valley to guide their 
management decisions. 

Elk numbers -currently greatly exceed 
agency population goals by about 50%. Managers 
are concerned about these high densities. In 1968, a 
population of 15-16 bison escaped from the park and 
was allowed to roam free in GTNP by local 

management agencies. In 1975, the bison began 
wintering on the NER and began using · the elk 
feedgrounds as a food source. Since the discovery of 
the feedgrounds, . nearly every individual in the herd 
has wintered on the refuge feedgrounds and, as a 
result, the population has increased dramatically to its 
current size of 573 bison (GTNP unpubl. data). The 
presence of a growing bison population in Jackson 
Hole has caused concern over the potential 
transmission of brucellosis from bison to domestic 
livestock. The large concentrations of both bison and 
elk on the NER feed grounds provide the opportunity 
for a higher rate of transmission and infection of the 
disease in the two species. The Brucella organism 
may be transmitted through ingestion of infected 
fetuses or fetal membranes, contact with the infected 
tissues, grazing on contaminated native forage, 
consuming contaminated feed or water, and possibly 
from contamination by feces left by infected animals 
(Crawford et al. 1990, T.J. Roffe, unpubl. data, 
Biological Resources Division, Bozeman, MT). 
These conditions are in abundance on the NER 
feedgrounds during the late winter and early spring 
where both bison and elk abortions occur. Elk are 
also a significant potential host for Brucella. 
Seropositive rates for elk wintering on the NER are 
28% (39% for adult females, Boyce 1989 as cited in 
Smith and Robbins 1994), but rates for free ranging 
elk in the Yellowstone ecosystem and elk not 



supplementally fed on feedgrounds elsewhere in 
Wyoming are closer to 2% (Thome et al. 1991, Smith 
et al. 1994). The reduction or cessation of feeding at 
some, or all, of the feedgrounds has been proposed as 
a possible solution to the problem of heavy 
concentrations of ungulates and high incidence of 
disease. However, reduction of feeding will require 
reductions of elk and bison to some level of 
appropriate carrying capacity that are compatible 
with vegetation goals of the agencies. Winter 
distribution of the ungulates would also need to be 
compatible with private land ownership. Second 
homes and recreational homes are being built in the 
area at an exponential rate. Elk may habituate to 
humans, and preferentially use some irrigated and 
fertilized private food sources, such as pastures, 
lawns, and shrubbery. Continuing housing 
development on winter ranges may eventually result 
in a decline in occupiable winter range for ungulates. 
Managers need to know the rates and areas of current 
development, as well as predicted future 
development, and the locations where conflicts with 
ungulates will be most likely to occur. 

Jackson Hole managers seek predictive 
maps of where all occupiable bison and elk habitat in 
the valley exists. We conducted multivariate 
analyses of the available information on bison and 
elk distributions and habitat selections. We also 
conducted a statistical test of the multiple habitat 
variables (snow depths, elevation, slope, aspect, 
cover vegetation, topographic position) and 
developed a gradient model to explain the habitat 
niches that bison and elk could occupy if they were 
not fed or were fed less. The statistical significance 
of the relative importance of these parameters is 
difficult to test, but best model approaches such as 
the Akaike's information criteria (AIC) are available 
to tell us which combination of habitat parameters is 
the best predictor while being the most economical in 
terms of number of variables involved in the model 
(Burnham and Anderson 1992). We then apply this 
best model to the entire valley, including all historic 
habitat, using GIS techniques to present managers 
with a map of both formerly occupiable habitat that is 
currently developed and all presently occupiable 
habitat. 

About 2/3 of the elk population in the 
Jackson Valley winters near feedgrounds, while 
about 113 of the elk are free-ranging in areas away 
from the feedgrounds where they forage entirely on 
natural vegetation. Shrubs are more vulnerable to 
ungulate herbivory than are the (often) highly 
productive xeric and mesic grasslands in the valley. 
Managers may regulate numbers of ungulates based 

99 

on shrub parameters and status in addition to 
herbaceous vegetation parameters. Managers are 
concerned over size reductions, and what visually 
appears to be over-browsing, of aspen, willow, and 
possibly buffaloberry and other shrubs, especially 
near the highest ungulate concentration areas in the 
valley. Identifying any thresholds of high elk 
densities, both on and off of feedgrounds, which may 
be negatively impacting woody shrubs could be 
critical in helping determine target elk densities or 
shrub consumption rates which are detrimental to 
plant community sustainability. Our experiences in 
Rocky Mountain NP indicated that good correlates 
were obtained between ungulate densities and willow 
growth parameters. We selected willows to sample 
because willows were not rare (correlates to growth 
parameters of rare species may not be linear, or even 
distinguishable, with elk densities) and because elk 
densities were apparently the most significant driving 
force (although other factors, such as fire, water 
tables, and climate might be important). 

Assessment of potential management of 
wild ungulates in the Greater Teton area also requires 
information about current forage production in 
habitats used by wintering elk and bison as well as 
current levels of consumption, or offtake, of that 
production by wild ungulates. Studies to determine 
production and offtake on this winter range were 
initiated in 1996 and we have continued these 
measures into 2000. Sampling over several years can 
provide managers and modelers information on the 
range of responses in these variables that can be 
encountered over several seasons and with varying 
levels of precipitation. 

Domestic livestock, especially cattle, 
grazing on allotments in GTNP and BTNF are a 
concern, both because of the risk of brucellosis 
transmission between domestic and native species, 
and because there is a possibility that livestock may 
competitively use forage which might otherwise be 
important to overwintering native ungulates. Options 
for decreased feeding of native ungulate species to 
alleviate brucellosis transmission may be limited by 
winter forage supply, which may be reduced by 
livestock grazing. 

We also sampled any changes in plant 
species composition due to ungulates. Management 
of much of the world's grazing land is based 
primarily on changes in plant species composition 
(Milchunas and Lauenroth 1992). In particular, 
dominant individual species have been used as 
indicators of range condition under the increaser
decreaser-invader concept. Ungulates in national 
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parks should not be allowed to exceed levels that 
impact these diversity values (Wagner et al. 1995). 
NPS (1988) policy states that the natural abundance 
and diversity of plants and animals should be 
maintained within the bounds of natural processes. 
Ungulates in pristine, natural ecosystems are known 
to alter plant species diversity in highly variable ways 
(McNaughton 1979; Pastor et al. 1993; Stohlgren et al. 
1999). Research has demonstrated that ungulate 
grazing can alternatively decrease plant diversity 
(Rummell 1951; Chew 1982), result in no difference 
(Gough and Grace 1998; Stohlgren et al. 1999), or 
increase plant diversity (Grime 1973; Mueggler 
1984). The effect of ungulates on plant diversity may 
be variable in natural systems depending on 
environmental conditions, evolutionary history of 
grazing, and predator limitation (Collins and Barber 
1985; Stohlgren et al. 1999). The basic tenet by some 
researchers that there should be no measurable effects 
of ungulates on plant diversity (Wagner et al. 1995) 
has been questioned (McNaughton 1993, 1996). 
Management for maximum plant species diversity 
may, in some instances, include management for 
moderate or even high densities of ungulates. Thus, 
the grazing system and these major ecological 
relationships need to be well understood before 
managers can set goals for plant diversity. 

This progress report is broken down into 5 
sections detailing the progress on (I) winter habitat 
selection modeling for the 3 major ungulate species 
wintering in the Jackson Valley, (II) willow growth 
correlates to browsing rates, (III) studies of 
herbaceous vegetation production and ungulate 
consumption rates on elk and bison winter range, 
(IV) wildlife distributions in relation to domestic 
livestock use of areas in the park, and (V) the effects 
of long-term exclusion of grazing on plant species 
diversity on elk winter range. 

L Ungulate Winter Habitat Selection 

+ METHODS 

Resource selection and preferred habitat 
characteristics of elk were determined using 786 
locations from Wyoming Game and Fish Department 
(WGFD) aerial surveys (gathered during 1986-1997) 
and 865 radio telemetry locations from National Elk 
Refuge aerial surveys of approximately 168 collared 
individuals (gathered from 1990-1999). Moose 
locations (n=622) were obtained from WGFD aerial 
surveys conducted in January-February 1999 and 

February 2000. Bison locations (n=519) were 
obtained from Grand Teton National Park from aerial 
surveys conducted from 1997-1999 in conjunction 
with radiotelemetry studies by Steve Cain and Carol 
Cunningham. Only locations collected between the 
winter months of November-April were used to 
determine habitat preferences and only those locations 
falling within the Jackson study area were used. 

Information on elevation was obtained fr~m 
USGS Digital Elevation Models (DEMs) for the area, 
and aspect and slope were derived from these maps 
using ARCVIEW geographic information system 
(GIS) software. Vegetation type was determined 
using a vegetation map compiled by Gary Wockner 
from vegetation maps from Grand Teton National 
Park, National Elk Refuge, and a coverage developed 
by Utah State University. These coverages had been 
merged and reclassified using the vegetation 
categories described in the landscape forage model 
documentation. Coverages of lakes and rivers were 
merged and distance to these water sources was 
determined. We attempted to isolate areas of 
bitterbrush based on maps provided by WGFD 
because these areas tend to be heavily used by moose 
in early and late winter and therefore might warrant 
designation as a separate vegetation type for moose 
habitat selection models. Unfortunately, the survey 
data available for moose were limited to January and 
February of 1999 and 2000 and no moose were 
observed in the bitterbrush areas during that time. 

A map of areas around the NER and state 
feedgrounds in the Gros Ventre drainage where elk 
concentrate because they are fed hay or pelletized 
alfalfa in winter was provided by Steve Kilpatrick of 
WGFD. We also developed a map of areas within 
the study area that were open to elk hunting to 
determine whether this variable might contribute to 
selection of animal habitat. 

Maps of snow water equivalents were 
developed for each day when radiolocation data on 
ungulates were collected. We used the snow model 
developed by Phil Fames and modified by G. 
Wockner. Estimate of the snow water equivalent was 
determined for the site of each animal location using 
these snow maps. · 

We also compared habitats that had burned 
(in the last 5 years) or were unburned or burned> 5 
years ago. Maps of fires, both prescribed fires and 
wildfires, which had occurred within the study a rea 
during the last 70 years were provided by Bridger-



Teton National Forest GIS personnel. This map was 
used to derive two variables, whether the area had 
burned during the last 70 years or not, and number of 
years since fires. Since many effects of fire on 
vegetation, such as forage abundance, forage quality, 
and species diversity, will rapidly diminish over time, 
we analyzed only those areas where fires had 
occurred within 5 years prior to the animal 
observation. 

Based on initial analyses, agency feedback, 
and field observations, we decided to run two 
separate resource selection models, one for early 
winter (November and December) and one for late 
winter (January-April). Snow depths tend to 
accumulate more during the latter period. Snow 
water equivalent data was only available through 
water year 1999. Since we had a limited amount of 
moose observation data, half of which was collected 
in February 2000, we deemed it necessary to use this 
data in evaluating resource selection models. 
Therefore we examined SWE values for 6 weather 
stations on March 1, 2000 (the closest available date 
to our surveys) to determine SWE values for the 
dates of February 18-22, 2000. We then searched our 
precipitation data for the last 20 years to find the date 
with the most similar SWE values at all these weather 
stations. The selected date was February 15, 1995, and 
all SWE values were within 1" SWE of the station 
values on March 1, 2000. We then used the snow 
map for this day to determine SWE for all moose 
observations during the February 2000 survey. 

In order to estimate s election by ungulates, 
we compared used habitat (the locations of ungulates) 
to a random set of locations. A number of locations 
equal to the number of observations for each species 
were . randomly generated within the study area using 
ARCVIEW GIS. These random locations were for 
use in creating resource selection functions using 
logistic regression methods (Boyce and McDonald 
1999). Each was randomly assigned an observation 
date from among the animal observation collection 
dates so that snow water equivalents could be 
generated. ARCVIEW geographic information 
system (GIS) software was used to integrate and 
derive habitat characteristics for all elk, moose, and 
bison locations and randomly generated points. All 
bison and elk locations, both random and actual 
within the influence area of the feedgrounds a~ 
defmed by WGFD personnel, were removed to 
reduce the influence of artificial feed on habitat 
selection. Since moose do not frequent feedgrounds, 
all moose observations were used. 
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Eight habitat variables were studied for 
selection by ungulates; vegetation type, distance to 
water (rivers and lakes), snow water equivalents, 
elevation, slope, aspect, hunting, and occurrence of a 
fire in the last five years. Locations which did not 
contain information for all habitat variables were 
removed from the data set. We also removed all 
locations within the influence of feedgrounds and 
outside the study area, which reduced the number of 
observed ungulate, and random locations that were 
used in the analysis (Table 1 ). We calculated a 
selection index (w) based on resource selection 
functions. A resource selection function is the 
proportion of used resource units of a type of those 
available and can be calculated by the equation: 

W; = P;IU; 
where Pi is the proportion of used resource units in 
category i, and ui is the proportion of resource units 
of category i from all resource units available. This 
index can be standardized (Bi) to allow more direct 
comparison between categories of an individual 
habitat variable. We determined whether observed 
habitat use was significantly different from that 
which would be expected based on the availability of 
the habitat throughout the study area using a log
likelihood chi-square test (Neu et al. 1974, Manly et 
al. 1993). We determined which habitats were 
preferred using 95% confidence intervals with a 
Bonferroni correction. This test was performed for 
all habitat variables except snow water equivalents, 
since these observations varied based on individual 
date of animal observations and we therefore could 
not calculate a standard proportion of the area in each 
category of snow water equivalent. 

Logistic regression analyses were performed 
to determine the best model for predicting habitat 
selection for each species. We compared habitat 
variables from locations of ungulate use with the 
habitat variables for the set of random locations. The 
dichotomous response variable used in the logistic 
regression therefore was whether a location was 
observed or random. Eight habitat variables were 
involved in the choice of the best model; vegetation 
type, distance to water (rivers and lakes), snow water 
equivalents, elevation, slope, aspect, hunting, and 
time since fire. Akaike's information criteria (AIC) 
were used to determine the best model for predicting 
resource selection functions for each species. The 
resource selection probability function is the 
probability of selection of any particular grid cell in 
the study area. These probabilities were determined 
by using the best fitting logistic regression model in 
the following equation: 



102 

ePo+P,X,;+ ... pkXK; 

P; = 1 + ePo+P,X,;+ .. . PkX Ki 

where 30 .. . 31 are the parameter estimates in the 
logistic regression equation and XJi ... XK; are the 
values of the habitat variables (van Manen and Pelton 
1997; Boyce and McDonald 1999). This probability 
is a relative measure because it is detemrined through 
comparison with random locations and is based on a 
sample of each species locations at certain periods of 
time, but it provides an index to predict degree of 
potential selection by each species. 

+ RESULTS 

Use of all habitats tested were significantly 
different from expected use based on their 
availability, with the exception of use of burned areas 
by moose (P s._0.05). Both elk and bison 
significantly preferred sagebrush, aspen, wetland, and 
agricultural fields. Elk also showed a preference for 
riparian forest and developed areas, while bison also 
preferred wet meadows. Elk tended to avoid flat 
aspects, preferring slopes facing southeast, south, and 
southwest. Bison, however, preferred the flat areas, 
as well as southwest, west, and northwest aspects. 
Elk preferred slopes of less than 15° at elevations of 
2000-2600 m Bison were much more selective in 
this regard, preferring slopes of ,:S5° at elevations of 
2000-2200 m {Table 2). Bison appeared to be 
particularly restricted by snow water equivalents with 
over 80% of observations occurring in areas of l-inch 
snow water equivalent or less. Elk seemed confined 
mainly to areas of .:S 4 inches of snow water 
equivalent, though both elk and bison are apparently 
forced to use areas with deeper snow late in the 
winter (Table 3). Elk showed a slight preference for 
unhunted areas in the early winter, and then greatly 
preferred fall-hunted areas in late winter following 
the end of the hunting season, but the elk hunting did 
not lead to avoidance of hunted areas by bison. Bison 
actually seemed to prefer areas open to elk hunting, 
but this may be an artifact of the fact that the 
sagebrush and agricultural habitats that bison favor in 
early winter are encompassed within the hunted area. 
Overall, elk avoided areas that had been burned 
within the last 5 years, though they showed a slightly 
higher use of burned areas in early winter. Bison 
showed a significant preference for these recently 
burned areas in early winter; nearly 30% of 
observations. However, by late winter bison use of 
burned areas had decreased to only 5% of 
observations, though this was still significantly 
greater than for unburned areas {Tables 2 and 3). 

Moose most often selected areas of willow, 
riparian forest, wet meadow, and wetlands on flat, 
north, or south slopes of less than 5° at elevations 
between 2000-2400 m {Table 2). Ninety-five percent 
of all observations were within 1 krn of water 
(streams, rivers, or lakes). Moose were not as 
restricted by snow, with nearly 50% of moose 
observations in locations with 5-8 snow water 
equivalents. Moose were not observed using any 
areas during January and February that had been 
burned in the last 5 years. Moose preferred using 
areas where elk were hunted, however, this maybe 
an artifact of the fact that much of the preferred 
vegetation cover for moose fell within areas where 
fall elk hunting occurs (Table 2). 

The best model for predicting both early and 
late winter elk habitat selection was the full model 
which included SWE, distance to water, vegetation 
type, aspect, slope, elevation, whether the area was 
open to elk hunting at that time, and occurrence of a 
fire within the last 5 years. However, the parameter 
estimates were different for each part of winter and 
reflect the early v s. late winter preferences noted in 
(Table 3). Much of the study area is available to elk 
during early winter (Fig. 1 ), but during late winters, 
and particularly, during severe winters, few high 
preference areas of habitat were available; only 3.7% 
of the entire study area (Fig. 2). Most of this late 
winter potential habitat use area was restricted to the 
Gros Ventre drainage on the Bridger-Teton National 
Forest east of the Jackson Valley and the lower part 
of the Jackson Valley (Fig. 2). 

The best models for predicting early and late 
winter bison habitat selection included SWE, 
vegetation type, slope, elevation, whether the area 
was open to elk hunting, and occurrence of a fire 
within the last 5 years, but the late winter model also 
included aspect (Figs. 3, 4). A larger portion of the 
study area (-5%) was of potential habitat use (>50%) 
by bison, even in a severe winter (Fig. 4 ), but most of 
this area was restricted to the NER and between the 
NER and the Snake River, just north of the town of 
Jackson (Fig. 4). The early winter model identifies 
a large area of high probability of use (>50%) west of 
the Snake River and south of the Triangle X ranch 
which currently doesn't receive much use (based on 
observations). The part of this area that lies south of 
the park boundary likely would not receive much use, 
even under larger bison population sizes because of 
development and competing livestock use. However, 
the areas within the park could be considered as areas 
that might possibly receive more use by bison in the 
future. 



Moose habitat selection was best predicted 
using a model that included SWE, distance to water, 
vegetation type, elevation, and whether the area was 
open to elk hunting. We did not have enough data to 
develop early and late winter models, but we 
modeled dates in mild and severe winter to compare 
preference areas between these model runs (Fig 5, 6). 
Most areas of high preference were located along 
drainages, particularly of larger rivers and streams, 
and willow flats near lakeshores (Fig. 5). In more 
severe winters, greater snow depths limited potential 
habitat to areas along the Snake and Gros Ventre 
Rivers near the town of Jackson, a willow flat in the 
Buffalo Valley, and a wetland area of the NER near 
the feedgrounds (Fig. 6). Although moose do not 
currently use this area of the NER (based on the 
observations used here and discussions with NER 
staff), this may be due to the high concentrations of 
elk on the feedgrounds and the consequent reduction 
of willow available as forage (see following section) 
in this area. These are conditions that might change 
if feeding were eliminated on the refuge. 

Overlap in areas of high probability of use by 
all three species was not great (Fig. 7), even during 
severe winter conditions. Of 10% of the study area 
that was high preference area for at least one of the 
species of ungulates, only 0.003% of the study area 
was highly preferred by all three species, and an 
additional 1. 7% of the study area was predicted to 
have high potential for use by at least 2 ungulate 
species (Fig. 7). Management action might be 
targeted to most affect the areas where overlap 
between species is the least to reduce competition for 
forages between species. 

In the near future, we plan to model habitat 
selection of bison and elk species in Yellowstone 
National Park for comparison with the Grand Teton 
herds. Prior to the reintroduction of wolves, elk were 
estimated to be at carrying capacity, and we plan to 
test whether the habitat selection functions differ 
when populations are at or near this ceiling. We 
suspect that at higher population levels, such as those 
observed in Yellowstone, elk and bison will be less 
selective in their choice of habitat and that overlap 
between species will be greater. This information 
could be used to model potential changes in habitat 
use by each of these species, and pinpoint potential 
areas of conflict with human and livestock use in the 
Jackson Valley. We also will subdivide the models 
into pre- and post-wolf occupation of the winter 
range to determine whether the present of wolves has 
altered habitat selection by all species. 
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IL Willow Production, Consumption, and 
Correlation to Winter Ungulate Density 

+ METHODS 

We sampled 1999 and 2000 production, 
1999-2000 winter consumption, and 2000 summer 
consumption of willows in 15 willow sites located in 
four strata: high elk and low moose densities (South 
end of NER), medium elk and medium moose 
densities (Gros Ventre drainage near Upper Slide 
Lake and Cottonwood Creek), medium elk and high 
moose densities (North end of NER and GTNP areas 
near Triangle X and Wolff Ridge), and low elk and 
moose densities (Buffalo Valley and along the 
Rockefeller Parkway). These strata were determined 
using elk and moose survey data provided by WGFD. 
Sample sites were randomly generated in each strata 
using GIS. Four random sites were then chosen in 
each stratum. Only three sites were available in the 
high elk-low moose density strata and these were 
confmed to the southern end of the NER. 
Additionally, two oft hese sites were burned during 
prescribed burning in May of 2000, making spring 
data collection difficult. 

Three 9.3 m2 randomly selected circular 
plots were established at each study site. Data 
collected on each shrub in all plots included species; 
canopy diameters (widest and perpendicular to widest 
diameter); plant height; number of stems; and an 
estimate of percent of canopy dead. On every fourth 
individual of each shrub of each species a subsample 
of the number of browsed and unbrowsed leaders· 
diameters at twig base, tip, and point of browse; and 
leader lengths were also collected. Winter 
consumption was measured before leaf bud break in 
May, and summer use was measured in August. 
Percent leader use was determined using the 
equation: 

% leaderuse = _a-
a+b 

where a = number of browsed leaders and b = 
number of unbrowsed leaders. Average percent twig 
removed was determined using the method of Jensen 
and Urness (1981) and Pitt and Schwab (1990) 
following the formula: 

IOO(Dp - D1 ) 
%twiguse = __ .,!._ __ 

Db- Dt 

where Dp =twig diameter at point of browsing, Dt = 
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diameter of a representative sample of twig tips, and 
Db = basal diameter of current year's twig growth. 
Total consumption was determined by multiplying % 
leader use by % twig use. For short, single stem, 
densely growing species, such as wolf willow (Salix 
wolfii), we measured all plants within 1 m2 plots, then 
determined the coverage of the circular plot which 
was contiguously covered by these species and 
estimated production for the entire plot based on the 
1m2 plot. 

Annual production was determined 
following methods of Singer et al. (1994). Average 
twig weight was calculated from linear regression of 
dry weight (dependent variable) on twig length or 
green twig basal diameter. Ten to twenty twig 
samples were taken from all willow species as well as 
from shrubby cinquefoil, Potentilla fruticosa, (which 
was also quite common in most sites) at each site. 
Separate regression equations were developed for 
each species and each treatment. R 2 values ranged 
from 0.63-0.93. The biomass of each willow plant 
where twig measurements were taken was estimated 
by multiplying average twig weight x average 
number of twigs per stem x number of stems per 
plant. Regression equations were then developed 
relating canopy area or volume to production for 
these plants. These regressions were used to estimate 
biomass for the remaining plants that had no twig 
measurements. These r2 values ranged from 0.64-
0.94. 1999 willow production was estimated in a 
similar manner from data collected during May 2000, 
but due to lack of species identification, pooled 
regression equations were developed across all 
willow species for each treatment. Leaves were 
included in the summer twig weight measurements 
and this, as well as differences in estimation methods, 
may account for large differences in annual shrub 
production. Will ow species were divided into two 
height categories; those species which are naturally 
of short stature ( < 1.5 m greatest height, S. wolfii, S. 
candida, S. farriae), and those which have the 
potential to grow greater than 1.5 m (S. boothi, S. 
bebbiana, S. geyeriana, S. planifolia). We then 
pooled these "short" and "tall" species to test 
differences in average willow heights between strata. 

We tested for differences in consumption 
and production levels between varying ungulate 
densities using general linear models procedures. 
Fisher's least significant difference test was used to 
test for specific comparisons between the various 
ungulate density categories. Due to the very different 
methods used to estimate production for 1999 and 
2000, we did not test for yearly differences in this 
variable, however we did test differences in canopy 

coverage. Statistical analyses were performed using 
SAS statistical analysis software ver. 8.0. 

+ RESULTS 

We identified seven species of willow 
throughout the study area, with the highest diversity 
of willow species occurring in the area of highest elk 
density on the south end of the NER, where burning 
had occurred. Other species found in the study area 
included Potentilla fruticosa, Betula glandulosa, 
Rosa spp., Ribes spp., and occasional Artemisia 
tridentata and A. cana. 

Winter shrub consumption was significantly 
higher (P = 0.04) in the strata of high elk and low 
moose density (Fig. 8a); however, this high 
consumption did not appear to prevail into the early 
summer. Summer willow consumption rates over all 
strata were generally low (less than 2% on average) 
and did not differ significantly based on ungulate 
density strata. Annual shrub production in willow 
communities was significantly greater in sites with 
medium densities of both ungulate species (Fig. 8b) 
in 2000 (P = 0.04), but this difference was only 
significant between the medium ungulate densities 
strata and the high elk-low moose density strata in 
1999 (P = 0.11). Annual production differences 
between 1999 and 2000 may indicate problems with 
our ability to predict 1999 production by measuring 
plants in spring 2000. We believe that an additional 
year of data collection planned for 2001 will assist 
with better estimating overall annual shrub 
production in these willow sites. 

Willow heights were significantly greater (P 
= 0.05) for tall stature willow species in areas with 
medium elk and medium moose densities (244.6 V 
36.5 em; 0 V se) than areas with high elk and low 
moose densities (89.9 V 28.3) or low elk and low 
moose densities ( 146.6 V 21.7). Average height of 
tall stature species in the medium elk and high moose 
density strata were not different from any of the other 
strata (165.8 V 39.9). No willows of the short stature 
species were found in areas with medium elk and 
high moose densities. However, amongst the other 
three strata, short stature willow species were 
significantly shorter in strata with high elk and 1 ow 
moose densities (22.0 V 6.0 em), than low elk and 
low moose (79.0 V 11.5) or medium elk and medium 
moose (55.6 V 7.0) densities (P = 0.04). One of the 
most common species, Salix boothii, was 
significantly shorter (P = 0.0005) in areas with high 
ungulate densities (high elk-low moose, and medium 



elk-high moose), than areas with lower ungulate 
densities (Fig. 8c) and this species can reach heights 
of over 3 m in our study sites. 

Total shrub cover was significantly lower in 
high elk-low moose density strata in both years (P < 
0.08), but similar in areas of medium and low elk 
densities, regardless of moose density (Fig. 9). Shrub 
cover did not differ significantly between any strata 
except medium elk-medium moose density where 
there was greater cover in 2000 (0.98 ± 0.05 m2

) 

compared to 1999 (0.63 ± 0.04 m2
, P = 0.002). 

Consumption rates were negatively 
correlated to shrub production in willow sites (P = 
0.04~ r2=0.28), however, lower productivity in 2 sites 
with no evident consumption, was followed by 
increases in productivity at 3-12% consumption, then 
decreasing productivity at higher consumption levels 
(Fig. 10). This could be an indication of grazing 
optimization, where moderate levels ofbrowsing lead 
to release of buds, stimulating increased plant 
productivity. Tests of second-order regression 
models, which would indicate grazing optimization, 
were close to significance (P = 0.105, r2=0.31). We 
hope that a second year of data collection will 
provide enough additional data to discern whether 
high levels of consumption are consistently related to 
downward trends in production, or whether 
production increases slightly with low level of 
consumption, up to some threshold, beyond which 
production decreases occur. 

Willow production was negatively 
correlated (P = 0.0041, r2=0.54) with elk densities, 
however, elk densities tended to vary greatly between 
the high density strata (83.6 elklkm2

) and medium 
density strata (no greater than 6.76 elklkm2

), with no 
densities between these extremes. A second year of 
production data should help better discern any 
threshold relationships between elk density and 
declining production. 

We will continue to work on developing 
regressions for twig-only biomass estimates, so that we 
can make better estimates of production for 1999. 
Future work should also focus on better delineating elk 
densities near the study sites, perhaps by focusing on 
NER data (current density work is based on WGFD 
flights which lump the refuge into one density class). 

IlL Winter range vegetation production 
and domestic livestock studies 
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+ METHODS 

Annual herbaceous standing crop biomass 
was sampled by clipping within 0.25-m2 circular 
quadrats inside and outside 1-m2 movable grazing 
exclosures that had been randomly placed at the 
beginning of the growing season in July 1996-1998 
and 2000. All graminoids, forbs, and sub-shrubs 
within the quadrat were clipped and sorted into dead 
and live portions to measure annual peak production. 
Vegetation was oven dried at 55° C for at least 48 
hours and then dry weighed. Visual estimates of 
percentage (to nearest 5%) bare ground, moss, lichen, 
cacti, and shrub cover were recorded for each plot. 

Winter herbaceous consumption was 
determined in J 998 and 2000 by clipping in spring 
(prior to green-up), from inside and outside movable 
grazing exclosures placed at the end of the previous 
growing season. Cages were randomly replaced after 
the spring sampling to capture the early summer 
consumption that occurs during the time elk are 
migrating to summer ranges. Percent consumption 
was calculated using the following formula: 

100* (B· - B ) 
% consumption = 

1 0 

Bi 

where Bi = dry weight of biomass inside grazing 
cage, and B0 = dry weight of biomass outside of 
grazing cage. Summer consumption data were 
collected late June-late July throughout the study 
area. We attempted to measure areas at lower 
elevations first and follow the peak of growing 
season as we moved up in elevation. 

In the Uhl Hill-Cunningham area of 
domestic livestock allotments, we conducted more 
detailed studies to try to differentiate the 
consumption by the main wild ungulate species 
(moose, elk, bison, and pronghorn) and domestic 
livestock. We also sampled in strata used by wild 
ungulates only and we compared those to nearby 
paired strata used by livestock and wild ungulates. In 
areas used by livestock and wildlife, we sampled both 
irrigated and non-irrigated pastures. Production and 
summer consumption data in areas grazed by 
livestock were collected in late June, before the 
arrival of livestock and again in late September after 
livestock were removed. Evening ground distribution 
surveys were conducted on or near the pasture lands 
at about 1-week intervals from May-August. All 
groups of bison, elk, cattle, . horses, and pronghorns 
observed were plotted on a map. T hese attendance 
surveys were used to apportion the relative 
consumption during the periods of livestock 
occupation of the areas (see Section IV). 
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+ RESULTS 

Winter herbaceous consumption was greatest 
in burned sagebrush and mixed shrub areas in winter 
1997-98 (Fig. 11a), but in winter 1999-2000 
sagebrush, mixed shrub, mixed grass, and sedge areas 
were used heavily (>50% consumption of annual 
biomass). The heavier use of grass dominated types 
in 1999-2000 may reflect the low snow in this year 
which made these types more available. Variations 
in consumption level in types measured both winters 
indicate high variability from year to year which m~y 
be based on weather, or ungulate movements m 
response to increased wolf activity. An additi~nal 
year of data collection in 2001 on wmter 
consumption levels will better discern these use 
patterns. Summer consumption was ge~er~~ly lo~, 
however, it also showed great annual vanabthty (Ftg. 
11b). 

Early spring consumption by wildlife 
(before livestock grazing began) was not significantly 
different between irrigated and non-irrigated pastures 
or wildlife only vs. wildlife areas that had livestock 
grazing (Fig. 12). Early spring consumption was 
generally very low. Consumption rates in the 
wildlife only areas remained low throughout the 
summer. Consumption rates on wildlife only areas 
were significantly lower (P = 0.02) than areas grazed 
by livestock (Fig. 12). Areas of Kentucky bluegrass 
(Poa spp.) near Cunningham Cabin, which were 
naturally sub-irrigated but not actively irrigated, were 
grazed particularly heavily by both livestock and 
wildlife. 

Total herbaceous production also showed 
some annual variability, though the lowest production 
numbers were observed in 2000, which was a drought 
year (Fig. 13). Production values were similar 
between the years 1996-98, except for the two types 
(conifer and burned sage) which had fewer sites 
measured in 1996 (n=1) vs. 1998 (n=4). We have 
likely covered a wide range of the variability in 
production within the four years of our study. As 
expected, herbaceous production was greater (P < 
0.056) in irrigated pastures than in non-irrigated areas 
(whether livestock grazed or not), but irrigation 
effectively lengthened the growing season as well. 
Herbaceous production on irrigated plots was double 
that of non-irrigated plots in June, but triple non
irrigated by late September (Fig. 14), however, 
standing crop available for wildlife in the fall was 
greatly reduced by the presence of domestic livestock 
on both irrigated and non-irrigated pastures. 

IV. Wildlife Observations in Relation to 
Presence of Domestic Livestock 

+ METHODS 

Wild and domestic ungulates were surveyed 
in an area of Grand Teton National Park over the 
summer of 2000 to quantify the effects of domestic 
livestock on wild ungulates. We looked at the 
distribution and density of wild ungulates before and 
after cattle were put on to grazing allotments. 
Fourteen surveys were conducted from park roads 
and trails between May 31, 2000 and August 3, 2000 
in the areas of the Elk Ranch, West Elk Ranch, 
Triangle X, Cunningham Cabin, and Moose Head 
Ranch. Morning surveys were conducted between 
0500 and 0700 hours, evening surveys were 
conducted from 1900 to 2100 hours. Elk, bison, 
pronghorn antelope, mule deer, horse, and cattle 
groups were recorded and mapped. Total numbers of 
species on each survey were recorded (Table 4 and 
Fig. 15). 

We tested to see if the number of elk, bison 
and pronghorn differed before and after cattle were 
introduced. We used the Wilcoxon test, a 
nonparametric statistic comparable to a t-test. The t
test was inappropriate in this case because of the 
small sample size and lack of normal distribution of 
the data. Forty-four groups consisting of 346 wild 
animals (elk, bison, pronghorn, mule deer) were 
observed on agricultural land. There were 219 total 
wild animal group observations including 1,813 
animals. 

+ RESULTS 

Before the arrival of cattle onto the ranges, 
the average numbers of elk, bison and pronghorn 
seen per survey was 112.9, 44.5, and 5.8 respectively. 
After cattle were introduced, the averages dropped to 
65.3, 15.8 and 5.3 respectively. The average number 
of cattle was 1011.3 (while cattle were present). The 
average number of horses observed before cattle were 
introduced was 22, after cattle the average number of 
horses increased to 33.8. There was a statistically 
significant drop in elk (P = 0.05) and bison (P = 0.08) 
observed in these areas after cattle were put on the 
allotments. Pronghorn numbers did not change 
significantly (P = 0.40) before or after cattle. 



We calculated ungulate use of individual 
grazing allotments that had large cattle herds. A herd 
of 1000 cattle was moved between several allotments 
during the survey period. The average numbers of 
elk and bison seen per survey in each of these 
allotments before cattle grazed there were compared 
to numbers after the cattle herd grazed (Table 5). Elk 
and bison use dropped in every allotment after the 
1 000-head cattle herd grazed the pasture. 

Density of wild ungulates was mapped 
before cattle were brought onto the rangelands (prior 
to June 26, 2000) and after (June 26 and later). The 
wild ungulates that remain shifted their positions 
slightly after the cattle appeared (Fig. 16). More of 
the wild ungulates were observed in the Uhl Hill 
allotment far away from domestic livestock use. 
Some of the wild ungulate activity that did occur near 
domestic use on Uhl Hill was before cattle were put 
on the Uh1 Hill allotment, but after cattle appeared in 
the general area. The wild ungulate activity on the West 
Elk Ranch shifted from the southern portion of the 
allotment before the arrival of cattle, to the northern 
part after cattle were put on. Most oft he domestic 
livestock use of the West Elk Ranch is in the 
southern portion. In the Lower Cunningham
Triangle X area the wild ungulates use moved 
slightly to the west and away from domestic use. 

We plan to continue a second summer of 
wildlife observations on these domestic livestock 
grazing allotments in 2001. These data will help us 
determine whether patterns seen during 2000 are 
consistent over a second season. Two important 
questions still need to be addressed. Does this 
avoidance of cattle result in any negative impact on 
the wild ungulates, or is forage adequate everywhere? 
Are wild ungulates using less desirable habitats after 
the cattle are released? 

V. Plant Species Diversity Responses to 
Long-term Exclusion of Grazing 

+ METHODS 

We evaluated plant diversity and production 
responses to grazing with the Modified-Whittaker 
plot technique (Stohlgren et al. 1995). The Modified
Whittaker plot estimates species richness (number of 
species) and abundance (percent of cover) data at 
multiple spatial scales by using 1 m2

, 10m2
, and 100 

m2 subplots nested within a 1000 m2 plot (Figure 17). 
Tenth hectare plots were located inside and adjacent 
to the Davis Hill (Moran), Uhl Hill, and NER grazing 
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exclosures. Plots with similar slopes, aspects, and 
characteristics were chosen within each replicate. 
Each 20 m X 50 m plot was oriented with its long 
axis aligned down the fall line of the slope and 
located at least three meters from exclosure fences. 

Analysis of Modified-Whittaker data yields 
several types of information about a site including: 
frequency, percent cover and average height for each 
species present; and frequency and percent cover by: 
origin (native or exotic), duration (annual, biennial, 
perennial), growth habit (forbs, graminoids, shrubs, 
succulents, trees, sub-trees), and by species with less 
than one percent average cover. The maximum and 
average cover by cryptobiotic crusts, and the six most 
dominant species by average percent cover were also 
summarized. The maximum and average percent 
cover by rock, soil, litter, standing dead wood, 
manure, down wood, and standing water were 
recorded for each plot. Percent cover and average 
height information were derived from field estimates 
made in the I 0 numerical subplots only. Species 
present in the A, B, C, and K plots do not contribute 
to percent cover estimates (Figure 17). We estimated 
foliar cover, therefore, total cover may exceed I 00%. 

We measured herbaceous plant production 
from five randomly located 0.25 m2 circular plots 
within each of the six Modified-Whittaker plots. 
Plants found within these circular plots were clipped 
to the ground, separated by species, oven-dried at 
5 5°C, and weighed. Plant species that could not be 
identified in the field were collected and identified at 
the Park herbarium. Plants that could not be 
identified at the species level were identified to genus 
or grouped as unknowns. All sampling was 
conducted in the first two weeks of June 2000. 

All data were organized for analysis in 
Microsoft Excel and analyzed in SysStat® (version 
6.0). Jaccard's Coefficient (Krebs 1989) was used to 
compare species overlap (IOOO m2 plot data) between 
exclosed plots and adjacent grazed plots. Ja ccard' s 
Coefficient was calculated using the following 
equation: 

J=A/(A +B+C) 
where A = the total species found in both sites, B = 
species found in site I but not in site 2, and C = 
species found in site 2 but not in site 1. A comparison 
of two species lists resulting in a similarity 
coefficient of 1.0 indicates complete overlap, while a 
coefficient of 0.0 indicates no overlap. 

The Shannon-Weaver (1962) diversity index 
was also used to measure the· overall diversity of the 
plot. Higher index values indicate a more diverse 
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community. Shannon's Index values were calculated 
with the following equation: 

s 

H =-LC~)ln(Pk) 
k=I 

where Pk = the proportion of total cover contributed 
by species k, and s = the number of species found on 
a site. 

Differences in Shannon's Diversity Index 
values (H) were tested using non-parametric methods 
(Kruskal-Wallis test). Paired T-Tests were used to 
compare differences in the frequency ( 1 000 m2 and 
1m2 plot data) and percent cover (1 m2 plot data) of 
species' origin, duration, and growth habit for the 
three exclosure sites. Analysis was conducted on the 
1000 m2 plot frequency, 1 m2 plot frequency, and the 
1 m2 plot average frequency data to identify any scale 
dependent differences. Paired T-Tests were also used 
to evaluate the differences in plant production at the 
species and growth form levels. Values for the five 
0.25 m2 circular plots were averaged before 
comparing treatments within a site, P < 0.05 was 
used to determine significance in all tests. A species 
level comparison was made by developing a 
comprehensive list of all plants found within the 0.25 
m2 circular plots. This list was then applied to all 
circular plots and zeros were entered for absent 
species. 

+ RESULTS 

The species composition, frequency, and 
percent cover of grazed and ungrazed sites were very 
similar. These sites shared seven of the ten most 
abundant species. Common forage species 
(Agropyron spicatum, Purshia tridentata, Poa 
fendleriana) were found in greater abundance on 
ungrazed sites (Table 6). Jaccard's Coefficient 
indicated a high degree of species overlap for grazed 
and ungrazed plots in sites 1, 2 and 3, which had 
75.4%, 84.3% and 75.0% overlap respectively. 
Stohlgren et al. (1997) found species lists at 26 long
term grazing exclosures and their adjacent grazed 
plots averaged 57.9 ± 2.8% species overlap. 
Comparison of the Shannon's Index values for grazed 
plots at sites Davis Hill, NER, and Uhl Hill were H = 
2.943, H = 2.226, and H = 2.451 respectively; 
Shannon's Index values for ungrazed plots at sites 
Davis Hill, NER, and Uhl Hill were H = 2.396, H = 
2.119, and H = 2.393 respectively. A Kruskal-Wallis 
test of Shannon's Index values also indicated 
similarity between grazed and ungrazed areas (P = 
0.275). 

Analysis of Modified-Whittaker data 
indicated few differences between grazed and 
ungrazed plots. Grazed plots averaged 39 ± 6.6 (0 ± 
SE) species/1000m2 while ungrazed plots averaged 
35.3 ± 3.7 species/1000m2 (P = 0.55). At the same 
scale, native species richness ranged from 23 ± 1.8 in 
grazed plots to 24 ± 3.5 in ungrazed plots (P = 0.77); 
exotic species richness ranged from 4.3 ± 1. 7 in 
grazed plots to 5.3 ± 1.2 in ungrazed plots (P = 0.22). 
Native species cover (1 m2 plot data) averaged 62.7 ± 
15.6% in grazed plots and was 72.6 + 4.7% in 
ungrazed plots (P = 0.58). 

Percent of exotic cover was 1.9% greater in 
grazed plots than ungrazed plots (P = 0.003), and 
ungrazed plots had 15.0% more cryptobiotic crust 
cover (P = 0.030). The amount of non-vegetative 
cover (rock, soil, litter, duff, manure and wood) was 
nearly significant, 17.2% higher in grazed areas (P = 
0.069). These differences were not replicated in 
species frequency measurements from the 1000 m2 or 
1 m2 plots. No other significant differences between 
grazed and ungrazed plots were detected in the 
analysis of Modified-Whittaker data (Table 7). 

Biomass estimates derived from the circular 
plots indicated the total biomass of grazed areas to be 
43.1 ± 10.9 grams/m2 while the total biomass in 
ungrazed plots was 34.1 ± 12.4 grams/m2

. The 
difference in the total biomass between grazed and 
ungrazed plots was nearly significant (P = 0.055), 
however, no significant differences were found in the 
forb, graminoid, or subshrub biomass of grazed and 
ungrazed plots (Table 8). No significant differences 
between grazed and ungrazed plots were found at the 
species level. 

Future work will focus on measuring offtake 
levels at the grazed plots adjacent to each exclosure 
in an attempt to determine effects of local offtake 
levels on plant species diversity and production. A 
series of small movable grazing exclosures were 
placed at each exclosure site in late summer 2000 and 
will be sampled for winter consumption in late April 
2001 and again in summer 2001. As part of a partner 
study on nitrogen dynamics, we hope to add 
additional exclosures, with varying levels of time 
since plot was last grazed, grazing intensity, and 
proximity to feedgrounds, which we will sample for 
production and species diversity during summer 2001 
and 2002. The increase in the number of exclosures 
will increase our sample size and will give us a 
greater ability to discern whether plant production 
and diversity differences are evident in the absence of 
grazing. 
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Table 1. Sample size of observed and random animal 
locations used for habitat selection model testing for 
elk, bison, and moose in the Jackson Valley/Greater 
Teton area of Wyoming. 

Actual animal Random 
observations locations 

Actual animal Random 
observations locations 

Elk early 479 660 
winter 

Elk late 819 884 
winter 

Bison early 222 192 
winter 

Bison late 143 202 
winter 

Moose 624 624 . 
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Table 4. Total numbers of animals obsetved during ungulate surveys in Grand Teton National Park, Wyoming during Summer 2000. 

Date Time Elk Bison Pronghorn Mule Deer Cattle Horses 

5/31/00 Evening 89 4 2 0 0 0 

6/1 /00 Morning 30 49 4 0 0 ? 

6/1100 Evening 159 4 2 0 0 II 

6/5/00 Evening 133 68 6 0 0 17 

6/6/00 Evening 108 72 3 0 0 20 

6/7/00 Morning 125 74 7 0 0 43 

6//8/00 Morning 134 64 4 0 0 58 

6/25/00 Evening 125 21 18' 0 0 5 

6126100 Evening Ill 26 4 0 1000 36 

6/28/00 Evening 43 19 0 0 1000 18 

6/29/00 Evening 105 32 0 0 1000 39 

7/13/00 Morning 42 17 23 0 1000 60 

7/19/00 Evening 2 1 0 1 1000 29 

8/3/00 Morning 89 0 5 2 1068 21 

Table 5. Mean bison and elk numbers seen during ungulate surveys before and after arrival of cattle on grazing allotments in Grand Teton National 
Park, Wyoming, summer 2000. 

Bison 

Before cattle grazing 
After/during 

Grazing Allotment cattle grazing 

North East Elk Ranch 0.67 0.00 

South East Elk Ranch 3.64 0.67 

Lower Cunningham 2.38 0.00 

Uh!Hill 11.85 0.00 

West Elk Ranch 15.13 2.17 

Table 6. Average species cover for grazed and ungrazed plots in the Jackson Valley, Wyoming. 

Species 
Artemisia tridentata 
Agropyron spicatum 
Antennaria rosea 
Phlox muscoides 
Poa pratensis 
Poa fendleriana 
Amelanchier alnifolia 
Agropyron smithii 
Solidago species 1 

%Cover 
8.6 
7.0 
6.5 
6.4 
6.2 
5.8 
4.0 
3.3 
3.1 

Species 
Agropyron spicatum 
Purshia tridentata 
Poa fendleriana 
Artemisia tridentata 
Antennaria rosea 
Poa pratensis 
Phlox muscoides 
Amelanchier alnifolia 
Koeleria macrantha 

Elk 

Before cattle grazing 

8.42 

15.27 

16.00 

9.85 

26.63 

After/during 
cattle grazing 

0.00 

0.67 

1.33 

0.00 

14.50 

%Cover 
12.6 
8.5 
8.2 
7.3 
6.1 
5.2 
4.9 
2.9 
2.7 
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Figure 1. Probability of habitat use by elk during early winter (Nov-Dec). in the Greater Teton/Jackson Valley area of 
Wyoming. Modeled day is December 21 , 1998. 
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Figure 2. Probability of habitat use by elk during late winter (January
April) in the Greater Teton/Jackson Valley area of Wyoming. Modeled day 
is March 19, 1997--a severe winter. 
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Figure 3. Probability of habitat use by bison during early winter (November-December) in the 
Greater Teton/Jackson Valley area of Wyoming. Modeled day is December 21 , 1998. 
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Figure 4. Probability of habitat use by bison during late winter (January-April) in the Greater 
Teton/Jackson Valley area of Wyoming. Modeled day is March 19, 1997--a severe winter. 
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Figure 5. Probability of habitat use by moose during a mild winter in the Greater Teton/Jackson Valley 
areaofWyoming. Modeled day is February 14, 1995. 
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Figure 6. Probability of habitat use by moose during a severe winter in the Greater Teton/Jackson Valley 
area of Wyoming. Modeled day is March 19, 1997. 
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Figure 8. Percent consumption (a), production (b), and heights (c) of willows compared between 
differing ungulate density strata for elk and moose in the Greater Teton area. * indicates value 
significantly different than all others in group (P:s;O.lO). Different letters denote significant differences 
between categories (P,:SO.l 0). 
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Figure 9 . . Shrub canopy cover in willow sites subjected to varying ungulate densities in the 
Greater Teton area. * indicates mean significantly different than all others in group (P::;0.1 0) 
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in the Greater Teton area. 
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Figure 15. Ungulates seen during wildlife observation surveys in Grand Teton National Park, summer 2000 (excluding cattle). 
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+ ABSTRACT 

We used remotely sensed imagery to 
identify and map montane meadow types (M-types) 
along a moisture gradient, and to develop 
spectrally-based spatially-explicit models for 
predicting species diversity patterns in two regions 
of the Greater Yellowstone Ecosystem: 1) Grand 
Teton National Park and Bridger Teton National 
Forest and 2) the Gallatin National Forest and 
Yellowstone National Park. We investigated the 
potential to predict species assemblages associated 
with these meadow types and we also tested our 
ability to classify specific subsets of montane 
meadow types such as wetland and sagebrush 
communities. We also compared our results to the 
predictability of communities when our sampling 
sites were classified by GAP analysis. We classified 
wetlands into 2 categories that differed by the 
percentage of obligate wetland plant species. 
Accuracy of wetland classification based upon 
remotely sensed data was 70%. We classified 4 
sagebrush communities [low sagebrush (Artemesia 
arbuscula), big sagebrush (Artemesia tridentata ssp. 
vaseyana ), mixed low sagebrush/big sagebrush, and 
bitterbrush (Purshia tridentata)lbig sagebrush]. 

Overall accuracy of our sagebrush community 
classification based upon remotely sensed data was 
65%, and was highest for the mixed big 
sagebrush/low sagebrush community at 86%. We 
also investigated the association of plant, bird and 
butterfly species with each of the meadow types. 
Because of the rarity of many of the species, our 
analyses focused on species for which we had 
minimum standards of data. These standards varied 
among taxonomic groups, but species only observed 
infrequently were not included in the analyses. The 
abundances of 6 of the 11 most abundant bird 
species were significantly correlated with meadow 
type as defined by satellite imagery. However, 10 
out of 11 bird species showed a significant 
correlation when both remotely sensed data and 
landscape variables (e.g., shrub biomass, percent 
cover of willow or sagebrush, and meadow area) 
were added to the models. Butterfly species showed 
even stronger associations with particular meadow 
types, especially in the Teton region. We used 
regression tree analyses to separate meadow types 
by their associated species of butterflies. Fourteen 
of 67 butterfly species distribution patterns could be 
used to classify sampling sites into one of five 
different meadow types with 92% accuracy in 1997 



and 96% accuracy in 1998. From the perspective of 
global climate change indicators, mesic meadows 
showed the greatest seasonal and interannual 
variability in spectral response and highest species 
diversity of plants. Given the rich biodiversity of 
mesic montane meadows and their sensitivity to 
variations in temperature and moisture, they may be 
important to monitor in the context of environmental 
change. Finally, we were able to do some additional 
related studies funded by a grant from the Nature 
Conservancy's David H. Smith Fellowship program 
(to Su and Debinski). We compared the scale of 
mapping of biotic communities in the EPA-funded 
project with the GAP analysis approaches in 
Montana and Wyoming. We found that both the 1 
ha MMU M-Type map and 100 ha MMU Wyoming 
GAP map were significantly associated with bird, 
butterfly and plant community similarity. However, 
the 2 ha Montana GAP map was not associated with 
bird and plant community similarity and only 
discriminated differences in butterfly species 
composition between one map class and the others. 
This difference is probably explained by the fact 
that Montana GAP had a coarser categorical 
resolution of meadow types which was not sensitive 
to community variation associated with the 
hydrology of the meadows. 

+ OBJECTIVES OF RESEARCH AND 
SAMPLING APPROACH: 

Our project was an examination of 
ecological dynamics in the Greater Yellowstone 
Ecosystem (GYE), concentrating specifically upon 
the spatial and temporal dynamics of montane 
meadow communities. We examined both the 
abiotic aspects of these communities as well as the 
biodiversity of plant, bird and butterfly 
communities. Our long-term goal was to develop 
predictive species assemblage models based upon 
landscape level habitat analysis. This involved 
using intensive, local field sampling to test for 
relationships between species distribution patterns 
and remotely sensed data. Our research involved 
several steps: 1) quantifying the spatial and temporal 
variability in montane meadow communities; 2) 
developing a spectrally-based spatially-explicit 
model for predicting plant and animal species 
diversity patterns in montane meadows; and 3) 
testing the spectrally-based spatially-explicit model 
for predicting plant and animal species diversity 
patterns in montane meadows. 

The species composition and vegetation 
condition of montane meadow communities are 
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closely linked to environmental conditions, and 
based on narrowly defined adaptations to gradients 
of temperature and moisture (Knight, 1994 ). 
Short-term changes in environmental conditions are 
manifested as changes in vegetation condition, while 
long-term, directional shifts in temperature and 
moisture regimes drive changes in species 
composition and diversity (Harte and Shaw, 1995). 
Under conditions of warmer and dryer climate, the 
habitat of individual meadow plant and animal 
species may be reduced or eliminated (Romme and 
Turner, 1991 ). If montane meadows are to function 
as indicators of environmental change, baseline 
conditions and variability must be documented such 
that departures from baselines can be used as an 
indicator of change. 

Yellowstone and Grand Teton National 
Parks, and the surrounding national forests form 
what has come to be known as the Greater 
Yellowstone Ecosystem, roughly defined as the 
Yellowstone Plateau and elevations above 2130 m 
in the surrounding region. N onforest cover types 
within the ecosystem range from hydric willow and 
sedge meadows to high-altitude tundra and rock 
meadows. 

We used a time series of satellite 
multispectral imagery for monitoring the extent, 
condition, and spatial pattern of montane meadows 
on a seasonal and interannual time scale. Field 
sampling was used to collect data on the distribution 
of plant, bird, and butterfly species. Spectrally
based, spatially-explicit models were developed for 
six meadow types using a GIS to stratify the study 
area by topography and geology. We sampled for 
four years in two regions of the ecosystem: the 
northern region (hereafter termed the Gallatin study 
area) included the Gallatin National Forest and 
northwestern portion of Yellowstone National Park; 
the southern region (hereafter termed Teton study 
area) included Grand Teton National Park. These 
two regions are 192 km apart, but have very similar 
plant and animal communities. Twenty-five sample 
sites were located in the Tetons and thirty sample 
sites were located in the Gallatins during 1997 and 
1998. These were termed the "core sites" and were 
sampled each of the four years. Birds, butterflies, 
and plants were surveyed at each of the sites. 
Details of the sampling methodology and data 
analysis are noted below. 

During the summer of 1999 and 2000, we mounted 
a field campaign that will allow us to test the 
predictability of our models within each region. We 
visited "additional" sites of each meadow type in 
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each sampling area for collection of bird, butterfly, 
and plant data. This field season focused on 
extensive rather than intensive data collection (i.e., 
we visited many new sites, but collected data less 
frequently at each site). In 1999, 40 new sites were 
added in the Tetons (8 of each meadow type) and 34 
new sites were added in the Gallatins (5-6 in each 
meadow type). In 2000, the sampling was limited to 
birds and butterflies. 

+ ACCOMPLISHMENTS AND 
RESEARCH RESULTS: 

Meadow Map Production 

Computer classification of multitemporal 
SPOT multispectral satellite imagery was used to 
produce maps of spectrally distinct meadow classes 
within the Gallatin and Teton study areas (hereafter 
termed the "1997" series of meadow maps). The 
SPOT satellite remote sensing system records 
reflected light in three spectral bands (green, red, 
and near-infrared), with a spatial resolution of 20 m. 
A multitemporal approach, using two seasons of 
data, has been proven in other research to be 
superior for land use/land cover mapping. 
Therefore, a summer and a fall date of SPOT 
multispectral imagery were selected for each study 
region. Data for May 25 and September 6, 1994 
were used for the Gallatin National Forest; data 
from June 17 and September 3, 1996 were used for 
the Teton study area. Selection of dates was a 
function of orbital revisit dates, cloud cover, and 
availability. 

Data were converted from brightness 
values to units of radiance (mW/cm2/sr/um) and 
then reflectance. Data were further normalized for 
differential illumination effects by performing a 
topographic normalization procedure, using the 
DEM data re-sampled to 20m. All satellite imagery 
were georeferenced to a Universal Transverse 
Mercator (UTM) coordinate system with a pixel size 
of 20 m. The three-band multispectral data for the 
summer and fall dates for each area (Teton and 
Gallatin) were then combined into a six-band data 
file for each study area. 

An Iterative Self-Organizing Data Analysis 
(ISODAT A) clustering algorithm was applied to 
each six-band image file to identify spectrally 
similar pixels. Thirty to fifty initial clusters were 
specified for the ISODAT A clustering, producing a 
map of spectral classes. Each spectral class was 
then identified and assigned to an information class 

representing a vegetation type. Based on spectral 
similarity, and visual interpretation of the classes 
with the assistance of aerial photography and 
knowledge of the study area, the spectral classes 
were combined to create a five-class map of 
coniferous forest, water, developed lands, deciduous 
forest, and non-forested (meadow) vegetation. This 
five-class map was then recoded to a binary map of 
meadow/non-meadow, and used to mask the six
band image file, producing a new image file 
containing data only for meadow areas. !SODA T A 
clustering was again applied to the masked data to 
identify spectral differences in the meadow class 
only, producing a fmal map of distinct meadow 
classes. Six non-forested meadow classes, 
representing a xeric-to-hydric gradient from sedge 
meadow (M 1) to dry grassland with sagebrush (M6) 
were identified and mapped. FRAGSTATS 
computer program (McGarigal and Marks 1994) 
was used to analyze landscape differences in 
meadow size, distance to next meadow of the same 
type, and type of adjacent habitat between sampling 
areas. These landscape-level parameters can have 
significant effects on species distribution at a 
particular point in the landscape. 

Fieldwork in 1997 and 1998 indicated 
some inconsistencies between the "1997" series of 
meadow maps (as described above) and our 
determinations of probable meadow classes from 
field observations and data, particularly for M2 
meadow classes in Gallatin. We therefore created a 
new generation of meadow maps for Gallatin (the 
"1999" series), using a nine-band data set created 
using the May 25, 1994 data described above and 
two new scenes acquired in 1998 (July 12, 1998 and 
August 28, 1998). Georeferencing, conversion to 
radiance and reflectance, and classification of the 
nine-band data set followed procedures described 
above, in a progressive classify-mask-reclassify
mask procedure to identify the six classes of 
meadows defmed above. The result was a set of 
meadow maps more in congruence with actual 
meadow type than the 1997 series of maps, yet does 
not depart substantially from the 1997 maps. 

Selection of Sampling Sites 

Because class polygons smaller than 1 ha 
would be difficult to locate with confidence in the 
field, the final vegetation maps for field use were 
generalized to . a minimum mapping unit of 25 
pixels, or 1 ha. Final maps were plotted on 
translucent paper at a scale of 1 :24,000 for overlay 
onto topographic maps of the study area. Mapwork 
and field surveys were used to identify five spatially 



distinct examples of each meadow type at least 250 
m apart. Sample sites were located in the field with 
the aid of global positioning devices, aerial 
photography, topographic maps, and compass 
readings from identifiable landmarks. Particular care 
was taken to ensure that sites were located in the 
center of a class. 

We had originally intended to stratify 
meadows by size classes, but this was not possible 
because several of the M -types did not exist within a 
broad range of sizes. Instead, we stratified by 
northern and southern portion of the ecosystem, 
allowing for a comparison between regions. There 
were some problems associated with the M4 
classification in the Teton region. Field 
investigations in late May indicated that areas 
mapped as M4 meadow types were in fact groves of 
aspen (Populus tremuloides) with dense herbaceous 
understories. These groves were not identifiable as 
such on the satellite imagery. Since the focus of this 
research was on non-forested montane meadows, 
and there is no close corollary to these groves in the 
Gallatin region (aspen is nearly nonexistent in that 
area), the M4 type was eliminated from the Teton 
region, and sampling proceeded in the remaining 
five meadow types. Thus we established 55 
sampling sites for 1997 and 1998 (two study 
regions, six habitat types, five replicates per habitat 
type (except for M4's in Tetons)). See Appendix 1 
for details of site locations. In 1999 we established 
8 new sites in the Tetons per mtype (total of 40 
sites) and 5-6 new sites in the Gallatins (6 of all 
mtypes except M3 and M4, which had 5 new sites; 
total of 34 new sites). These sites were selected 
based on accessibility (within 7 km of the road) and 
elevation (2000- 2500 m). 

Establishment of Sampling Sites 

A single point was established at each of 
the sample sites. This point was located in an area 
reasonably typical (not anomalous) for each 
particular meadow, and in smaller meadow 
polygons was located near the center of the meadow 
so as to avoid edge effects. This point was the 
northwest comer of a 20 x 20 m plot used for 
botanical and plant biomass sampling. The 20 x 20 
m plots were then established using four steps: a) 
The southwest comer was established by measuring 
20 m due south from the northwest comer. b) The 
approximate location of the southeast comer was 
then located by measuring 20 m due east from the 
southwest comer. c) Triangulation was used to 
insure that the plot was square, and the southeast 
comer was located correctly. A hypotenuse of 28.3 
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m was measured from the northwest comer to the 
southeast. The southeast comer was established 
where the hypotenuse met the 20 m measurement 
from step two. d) The approximate location oft he 
northeast comer was located by measuring 20 m due 
north from the southeast comer. Once again, 
triangulation was used to insure that the plot was 
square. The northeast comer was established at the 
point 20 m from the southeast comer and 20 m from 
the northwest comer. A 100 x 100 m plot was 
overlaid upon the 20 x 20 m plot, using the NW 
comer of the smaller plot as the center point. One of 
the four 50 x 50 m quadrats within the 100 x 100 m 
area was randomly selected to be used as the 
butterfly survey plot. Bird surveys were conducted 
in a 50 m radius circular plots using the midpoint of 
the 100 x 100 m plot and flags were used to mark 
edges of the circular plot in at least 3 of the cardinal 
directions. Observers surveying birds stood just off 
the center of the 100 x 100 m point, to avoid 
trampling the plants in the vegetation plots. 

Each of the fifty-five 20 m by 20 m plots 
sampled in 1997 & 1998 was marked to facilitate 
relocation of plots in subsequent years. The 
northwest comer of each plot is marked with a 1.25 
m steel or wooden post. All four comers of each plot 
were marked with a 0.3 m piece of buried steel 
rebar, which can be relocated with a metal detector. 
Because each plot was permanent and can be 
relocated, data can be used to track individual plants 
and species over time. A permanent and repeatable 
technique helps to insure that year to year species 
changes are indeed due to shifts in plant community 
composition rather than sampling error. 

Biophysical and spectral field sampling 

Plant biomass measurements were made in 
July of 1997-1999 for both Teton and Gallatin study 
areas. Measurements were scheduled to be 
coincident with satellite overpass days when 
possible. For each plot, three 0.20x0.50 m (0.1 m2

) 

quadrats were spaced at 10.0 m intervals along the 
northern edge of each 20x20 m plot. All 
aboveground green photosynthetically active 
vegetation within each quadrat was clipped, sorted by 
life form/category (grasses, forbs, and shrubs), 
placed in paper bags, and immediately weighed in 
the field using spring scales to the nearest 1.0 gram 
to determine "wet" weight. In the lab, bags were 
dried in a laboratory oven at 100 degrees F for 48 
hours, and weighed again to determine "dry" weight 
and percent moisture by life form. In 1999, in 
addition to revisiting and resampling the sites 
sampled in 1997 and 1998, we also sampled a set of 
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Table 1. SPOT multispectral satellite imagery acquired for project 

Teton Gallatin 

Spring Summer Late Fall Spring Summer Late Fall 
Summer Summer 

1994 nda nda nda nda 5/25 7/17 916 nda 

1996 nda 6/17 9/03 nda nda nda nda nda 

1997 cc 7/04 8/30 10/06 cc 7/14 8/30 9/25 

1998 cc iae iae iae cc 7/12 8/28 cc 

1999 cc 7/06 cc 9/22 cc 7/06 cc 9/22 

2000 cc nda nda nda cc nda 8/16 nda 

Letter nda: No 1mage data ava1lable from SPOT (1mage does not ex1st). 
codes: 

cc: Cloud cover excessive: Image covered by clouds. 
iae: Image acquisition error {Images requested were acquired over wrong area). 

5-6 additional meadow sites within each meadow (Table 1 ). Excessive cloud cover over both study 
class, for a total of 140 sites sampled (new and regions during May and June in all years precluded 
repeat) for 1999. satellite image acquisition for spring seasons. 

Measurements of leaf area index (LAI) 
were made in meadows in 1997 and 1999 using a 
LiCor LAI-2000 system. At each plot, samples 
were taken; one in each of the four plot comers and 
one in the center of the plot. Each sample consisted 
of an above-canopy calibration reading and three 
below-canopy readings. Whenever possible, 
readings were made with the sun obscured (diffuse 
daylight), either from a low sun angle (sunrise or 
sunset), a passing cloud, or by manual shading. The 
five samples were then averaged to obtain a 
representative LAI measurement for each site. 

Spectral reflectance readings were taken in 
1997 and 1998 using an Analytical Spectral Devices 
(ASD) spectroradiometer, recording electromagnetic 
energy reflected by the surface over the range 
0.3265 -1.05533 m (visible and near-infrared light) 
in 512 discrete spectral bands. Measurements were 
taken for each of the twenty 1x1 m quadrats used for 
botanical assessment. Ten spectroradiometer scans 
per quadrat were acquired and internally averaged 
by the system to determine spectral reflectance. All 
sites were sampled between 0900 and 1550 hours 
local solar time. A white reference calibration 
reading was made at the start of each plot to 
normalize all reflectance values to a common 
standard. Sites in Teton region were sampled during 
the period July 2-7 (coincident with SPOT satellite 
image acquisition) and on July 20-23 for the 
Gallatin study area. 

SPOT multispectral satellite imagery were 
acquired by the SPOT satellite in summer, late 
summer, and fall for both Teton and Gallatin regions 

Satellite data acquisitions in 1998 and 1999 were 
near-anniversary dates with data acquired for 1997, 
facilitating interannual comparison of vegetation 
condition and development. All summer dates were 
coincident with field sampling. 

Computation of seasonal and interannual changes 
in greenness 

Red and near-infrared reflectance has been 
used to measure vegetation condition, based on the 
negative relationship between red reflectance and 
chlorophyll content, and the positive relationship 
between leaf structure and near-infrared (NIR) 
reflectance (Jensen, 1983; Curran, 1985). The 
Normalized Difference Vegetation Index (NDVI) is 
calculated using the red and near-infrared bands, 
using the equation [ND VI (NIR
RED)/(NIR+RED)]. NDVI values are often referred 
to as "greenness" values because they have been 
shown to be well-correlated with vegetation cover, 
fraction of photosynthetically active radiation 
(fP AR) absorbed by green foliage, leaf area index 
(LAI), and biomass (Bartlett et al., 1990; Duncan et 
al., 1993; Hope et al., 1993; Goward et al., 1994; 
Everitt et al., 1996; Jorgensen and Nohr, 1996; 
Jakubauskas et al., in press). Furthermore, seasonal 
and interannual changes in NDVI are increasingly 
used to monitor natural and anthropogenic changes 
in vegetation communities (Lloyd, 1990; Reed et al., 
1994; Lancaster et al., 1996; Peters et al., 1997). 

An NDVI was computed for each pixel of 
each date of imagery. Seasonal changes in 
greenness for 1994, 1997, and 1998 were computed 
by subtracting the earlier seasonal date in each year 



from the later seasonal date (e.g. , [NDVIJuly 1994 -

NDVIMay 1994]). Increases in NDVI value (greenness) 
between two dates were therefore expressed as 
positive values, and decreases in NDVI as negative 
values. A similar procedure was used to compute 
interannual NDVI change for the three mid-summer 
(July) NDVI images (1994-1997, 1997-1998). 
NDVI change values for each field sampled site 
were extracted from each image using the UTM 
coordinates for each site. Tests for changes in 
NDVI (both seasonally and interannually) were 
conducted using a Scheffe's ANOVA (PROC 
ANOVA; SAS Institute 1990). 

Vegetation Sampling Techniques 

During 1997-1998, plants were surveyed at 
three scales: 1m2

, 20 x 20 m2 and 100 x 100 m2
• 

During 1999, a larger number of sites were 
surveyed, but plant cover was estimated only at the 
20 x 20 m2 scale. Twenty 1m2 quadrats were 
located systematically within each 20 x 20 m plot. 
The quadrats were arranged in four belt transects of 
five quadrats each. All belt transects ran west to 
east, and quadrats were 4 m apart. Field measuring 
tapes were laid in a grid-like fashion to insure 
correct locations of transects and quadrats. The first 
transect was located along the line between the 
northwest and northeast comers of the 20 x 20 m 
plot. The second, third and fourth transects were 
respectively located 5 m, 10 m, and 15 m south of 
the first transect. Along each transect, the northwest 
comer of the 1 m2 quadrats were located at 3 m, 7m, 
11 m, and 15 m from the east edge of the 20 x 20 m 
plot. The nested sampling design allowed for 
detailed data collection within the 2 0 x 2 0 m p lot, 
and the systematic layout insured that the quadrats 
were relocatable and that sampling could be 
accurately repeated in subsequent years. 

For each 1 m2 quadrat, the aerial percent 
cover of all plant species was estimated during our 
July sampling period to derive a measure of plant 
species composition. After the 1 m2 plots were 
sampled, the entire 20 x 20m plot and the 100 x 100 
m plot were sampled for cover. This sampling 
provided us with data at 3 scales and with the 
middle scale (20 x 20 m), being of the actual pixel 
size of the remote sensing data. Aerial cover 
estimations were conducted using a modified 
Daubenmire (1959) method in which estimations 
were made to the nearest percent. The combined 
cover of litter and bare ground was also estimated 
using estimated percent cover. This sampling 
technique is advantageous because it provides a 
measure of both species richness and species 
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abundance. Percent cover provides valuable data 
since it can indicate both plant size and number of 
individuals. 

All plants were identified to species in the 
field or given appropriate field names. Voucher 
specimens were collected for all species so that 
accurate identifications could be made. Species that 
were difficult to identify were reviewed by botanists 
at the University of Kansas Herbarium where the 
vouchers are housed. 

Species distribution patterns of birds and butterflies 

Abundance data were collected for 
butterflies and birds in each of the sampling sites. 
Birds were surveyed between 0530-1030 hrs using 
point counts in 100 m diameter circular plots. Two 
observers were present for each 15 min survey. One 
point count was conducted at each site. Butterflies 
were surveyed between 0930-1630 hrs by two 
people netting for 20 minutes in 50 x 50 m plots at 

· each sampling site. Each butterfly was placed in a 
glassine envelope and at the end of the survey all 
individuals of each species were tallied and most 
were released. A subset of butterflies were taken as 
voucher specimens. 

Bird data were collected during each of the 
four years from early June 1 to mid-July, when most 
songbirds stopped singing. Butterfly data were 
collected during each of the four years from mid
June to mid-August. Collection earlier than these 
dates was prohibited by cold weather. During 1997-
98, bird data were collected three times per year at 
each sampling site in each of the two study regions. 
Butterfly data were collected four times per year in 
each region. In 1999, bird data were collected once 
at the core sites and twice in the additional sites in 
the Gallatin and the Teton study regions. During 
2000, bird data were collected twice in the core and 
twice in the new sites. During 1999-2000, butterfly 
data were collected twice in both core and additional 
sites in each region. Data collections in each of the 
two regions alternated every two weeks to ensure 
that species with phenologically different emergence 
times or activity periods would be included in both 
data sets. All specimens were identified to species 
in the field or given appropriate field names. 
Voucher specimens of butterflies were collected so 
that accurate identifications could be made. Species 
that were difficult to identify were reviewed by 
Steve Kohler, an authority on Montana 
lepidopterans. Voucher specimens are housed at 
Iowa State University. 
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Testing three scales of remotely sensed habitat 
classifications as coarse-filters for biodiversity 
conservation 

Habitat classifications developed from 
remote-sensing data and geographic information 
systems (GIS) have become the cornerstone of many 
coarse-filter biodiversity planning efforts. An 
untested assumption of this approach is that map 
class is an accurate surrogate of distinct biotic 
communities. We used the 1997 and 1998 bird, 
butterfly and plant field data to test this assumption 
across three scales of habitat classifications. The 
finest resolution map was the 1 ha minimum 
mapping unit (MMU) M-Type map. This was 
compared to the 100 ha MMU Wyoming Gap 
analysis project (GAP) vegetation map in the Teton 
region and the 2 ha MMU Montana GAP in the 
Gallatin region. We used multivariate measures of 
community similarity (Bray-Curtis distance) and 
non-parametric permutation tests (ANOSIM) to test 
whether map classes were adequate surrogates for 
distinct communities. We concluded that a map was 
associated with distinct communities if species 
composition of birds, butterflies, and plants was 
significantly more similar within habitat classes than 
between habitat classes. 

+ RESULTS 

Here we report on analyses focusing on 
core sites primarily during 1997-1998, those data for 
which the most extensive analyses have been 
completed. 

Plant Community 

We surveyed vegetation for three years for 
all locations for plant cover. Data from the 1997-
1999 field seasons were-entered into a database and 
all measures of quality control were performed 
during the winter of 1997-1999. Although there 
were differences between the Gallatins and the 
Teton sites, meadow types were generally fairly 
consistent in the composition by dominant species 
with M 1 and M2s being dominated by Salix spp and 
Carex rostrata. M3 and M4 types were dominated 
by Poa pratensis and Artemisia tridentata, and M5 
and M6 types being dominated by Festuca 
idahoensis and Artemisia tridentata. The data for 
the M1 and M2 s are indicative of wetlands and the 
wetland index that we use (Kindscher et al. 1998) 
show wetland index values below 3.00 
(documenting cover dominated by wetland plants) 
for these meadow types for both the Gallatin and 

Teton sites for all years. Comparisons of plant 
community composition between the Gallatins and 
the Tetons, using the Bray-Curtis distance measure, 
showed that statistical differences only occurred for 
the driest communities in the M5 and M6 meadow 
types. We believe that this occurred due to species 
differences between the warmer and more southerly 
Tetons when compared to the cooler Gallatin Range 
sites in Montana. Overall, the vegetation 
classification was accurate is discerning the meadow 
types and classifying them accurately. 

Bird Community 

We surveyed bird communities for four 
years using point counts. Overall, there were major 
differences in the bird community between regions. 
For example, there was 59% similarity between the 
Galla tins and the Tetons in 1997 and only 4 7% 
similarity in 1998. Results from Fisher's Exact tests 
comparing species composition between the 
Gallatins and Tetons indicated that all 5 meadow 
types were significantly different between regions in 
both years (p<0.05). Species composition was also 
compared between regions using a Kappa statistic. 
Three of 5 meadow types were statistically different 
between study areas in both years, but two of the 
meadow types had changed significance from the 
previous year. Species composition in the most 
hydric meadow type was the only data set that could 
be accurately predicted in both study areas. 
However, there were major differences in 
abundance of individual species that may be 
confounding these results. Overall, Teton bird 
abundances were much higher than those of the 
Gallatins . A comparison of Gallatin and Teton bird 
communities using a canonical discriminant analysis 
showed that each of the meadow types from the two 
regions clustered quite well in 1998. 

We also compared the accuracy of 
predicting the occurrence of a subset of 11 bird 
species in montane meadows using a combination of 
remotely sensed, landscape, and habitat data 
(Saveraid et al., in press). Meadow type, as 
determined from the remotely sensed data, was 
highly correlated with abundances of six of the 11 bird 
species. Abundances of generalist species were not 
strongly correlated with landscape variables or 
meadow type. Abundances of the species 
commonly associated with . hydric meadows 
[Common Snipe ( Gal/inago gallinago ), Common 
Y ellowthroat ( Geothlypis trichas ), Lincoln's 
Sparrow (Melospiza lincolnii), Savannah Sparrow 
(Passerculus sandwichensis), and Yellow Warbler 
(Dendroica petechia)] were significantly correlated 



with meadow type and landscape variables such as 
percent willow cover and percent woody vegetation. 
There were fewer species in the xeric meadows, but 
the most commonly observed species, the Vesper 
Sparrow (Pooecetes gramineus), was highly 
correlated with meadow type and percent sagebrush 
cover. The results from our study indicate that 
remotely sensed data are applicable for estimating 
potential habitats for bird species in the different 
types of montane meadows. However, for fine-scale 
information about species in specific sites or areas, 
we recommend the use of additional landscape and 
habitat data collected in the field. 

Butterfly Community 

Eighty-two species were found across both 
sampling areas during 1997 and 1998, and the 
species similarity between the two areas was 65%. 
Butterfly distributions were much more strongly 
associated with specific meadow types in the Teton 
landscape relative to the Gallatin landscape. Using 
species abundance data for each meadow type, 
classification trees were used to identify species that 
were most important in distinguishing among 
meadow types. Of the 67 butterfly species found 
during our surveys in the Tetons, 20 species in 1997 
and 27 species in 1998 were used in the statistical 
analysis. Fourteen species were defined as 
important in distinguishing among meadow types, 
and these species could be used to classify sampling 
sites into one of five different meadow types with 
96% accuracy in 1998 and a 92% accuracy in 1997. 
Six species showed high importance scores for both 
years in the Tetons. Each species is listed followed 
by the meadow type for which it showed a high 
affinity: Coenonympha orchracea (M6), Lycaena 
heteronea (M6), Coenonympha haydenii ( M5), 
Cercyonis oetus (M3), Speyeria mormonia (M3), 
and Boloria frigga (M2). Predictability of species was 
much lower (63%) in the Gallatins, where patch size 
is much smaller, but many of the same species 
showed high importance scores in differentiating the 
meadows (Borgognone 1999). 

FRA GSTATS analysis 

FRAGSTATS spatial analysis program was 
applied to the Arc/Info GIS coverage of meadow 
habitat classifications to calculate parameters such 
as meadow size, distance to next meadow of the 
same type, and average distance to all meadows of a 
specific type. Meadows in the Tetons are 10 times 
larger on average than meadows in the Gallatins 
(132.8 ha versus 12.9 ha) and landscape context 
may have significant effects on bird and butterfly 
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species distribution patterns (possibly explaining 
some of the differences between the sampling 
regions). 

Geostatistical Analysis of meadows in SPOT 
imagery 

Two approaches were evaluated to test 
relationships between landscape heterogeneity and 
species diversity. Our objective was to characterize 
the spatial variability of habitat surrounding each 
sampled meadow site and relate the patterns of 
spatiaVspectral variability (texture) to patterns of 
animal (bird and butterfly) species and diversity. 
The techniques involved a contextual analysis of 
nominal-scale land cover surrounding each sampled 
meadow location; and a semivariance analysis of 
NDVI images from multispectral SPOT data 
acquired during spring, summer, and fall of 1994. 
Results indicate significant difference in spatial 
variability across the six meadow types, and indicate 
that the occurrence of several species of birds and 
butterflies are correlated with semivariance and 
standard deviation values at specific lag distances 
from the meadow centroid. Correlating species 
abundance with semivariance showed that red
winged blackbirds were significantly correlated with 
a lag distance of 50-100 m (indicating an edge 
preference), the common snipe with a lag distance of 
150-200 m, and Common Y ellowthroat with lag 
distances of 150-400 m (indicating a preference for 
more open areas). Standard deviation windowing 
indicated that abundance values for the mountain 
chickadee were significantly correlated with 
standard deviation values at 125 m, the Yellow
Rumped Warbler at a lag distance of 150m, and the 
Vesper Sparrow at a lag distance of 250 m. The 
semivariance and standard deviation windowing 
techniques show great promise both for 
characterizing the quality of habitat for particular 
species, and for using spatial measures of satellite 
imagery for predicting the occurrence of specific 
species. 

Wetlands 

Our technique for finding wetland 
communities (M1 and M2 meadows) has been 
greatly improved by the research methods we have 
developed during our study. Using our remotely 
sensed data and previously collected vegetation 
data, we developed a new procedure for identifying 
wetlands using average wetland values. Using these 
techniques, we identified 1,250 hectares of M1 
wetland meadows and 1,711 hectares of slightly 
drier M2 wetland meadows in Grand Teton National 
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Park (Kindscher et al. 1998). 

Climate Change 

We hypothesized that mesic meadows 
would support the highest species diversity of 
plants, birds, and butterflies because they are more 
moderate environments. We also hypothesized that 
mesic meadows would exhibit the greatest seasonal 
and interannual variability in spectral response 
across years. Our results showed that mesic 
meadows supported the highest plant species 
diversity, but there was no significant difference in 
bird or butterfly species diversity among meadow 
types. These data show that it may be easier to 
detect significant differences in more species rich 
taxa (e.g., plants) than taxa that are represented by 
fewer species (e.g., butterflies and birds). Mesic 
meadows also showed the greatest seasonal and 
interannual variability in spectral response. Given 
the rich biodiversity of mesic montane meadows and 
their sensitivity to variations in temperature and 
moisture, they may be important to monitor in the 
context of environmental change. 

Testing three scales of remotely sensed habitat 
classifications as coarse-filters for biodiversity 
conservation 

We found that both the 1 ha MMU M-Type 
map and 100 ha MMU Wyoming GAP map were 
significantly associated with bird, butterfly and plant 
community similarity (Su et al. in review). 
However, the 2 ha Montana GAP map was not 
associated with bird and plant community similarity 
and only discriminated differences in butterfly 
species composition between one map class and the 
others. The primary difference between the Montana 
GAP map and the other maps was a coarser 
categorical resolution (smaller number of habitat 
categories) which was not sensitive to community 
variation associated with the hydrology of the 
meadows. These results suggest that the appropriate 
categorical resolution of a map may be as important 
as the spatial resolution of a map to adequately 
represent distinct biotic communities. 

Seasonal and interannual variation in ND VI 

Seasonal changes in spectral reflectance at 
local scales are a function of the species 
composition and the environmental conditions of a 
site (Kremer and Running 1993, Senseman et al. 
1996, Everitt and Escobar 1996). Changes in 
spectral reflectance patterns, therefore, may signal 
changes in vegetation structure or composition, or 

changes in environmental conditions that later may 
trigger changes in the vegetation. If seasonal and 
interannual patterns of spectral response can be 
linked to distinct plant species assemblages, this 
may provide a means to predict potential plant and 
animal species diversity (Walker et al. 1992, Storns 
and Estes 1993, Jorgenson and Nohr 1996, 
Nagendra and Gadgil 1999). The objectives of this 
section were to 1) characterize the seasonal and 
interannual spectral variability of six classes of 
montane meadow vegetation communities along a 
moisture gradient (from hydric to mesic to xeric). We 
hypothesized that mesic meadows would exhibit the 
greatest seasonal and interannual variability in 
spectral response across years. Here we present data 
from an analysis of the Gallatin region only. 

Seasonal change 

In the Gallatin region, the annual minimum 
and maximum temperature ranges between -15° C 
(December) and 25° C (August), and the average 
monthly precipitation ranges between 2.0 em to 7.0 
em, peaking in late spring/early summer (May
June). Average total annual snowfall exceeds 3 m, 
with January receiving the greatest average monthly 
accumulation at slightly less than 1 m. Onset of 
vegetation greenness in meadows occurs by mid to 
late May, depending on seasonal variations in 
snowfall depth and spring temperatures. Grasses 
and forbs progress at a more rapid phenological rate 
than shrubs in this region, initiating greenup and 
senescence earlier in the season (Blaisdell, 1958). 
Vegetation greenness is at a maximum in early to 
mid July, and by late August to early September, 
most non-forested vegetation communities have 
ceased photosynthetic activity for the growing 
season. 

Temperature and precipitation data 
obtained from the Western Regional Climate Center 
for Montana Climatological Division 2 indicate that 
above average temperatures and below average 
precipitation occurred throughout the summer and 
fall of 1994 (Table 2). In contrast, warmer than 
average temperatures and higher than normal 
precipitation during spring and summer 1997 
accelerated the rate of plant growth and 
development in the region. Significantly cooler and 
wetter than normal conditions in June 1998, 
however, led to delayed phenology and plant 
development during spring and early summer. 

Trends of seasonal change in greenness for 
all three years indicate that the mesic meadow types 
exhibit the greatest overall change between 



midsummer and fall, while xeric meadows exhibit 
Table 2 Summer temperature and precipitation, Montana 
Southwestern Division 1994, 1997, 1998, and mean values 

May June July August 

Temperature (C) 
199 11.0 (+2.2 13. (+0.8 17. (-0.1) 17.8 (+1.6 

199 10.4 (+1 .6 14. (+ 1.0 16. (-0.8) 16.2 (0.0) 

199 9.6 10. (-2.5) 18. (+1 .6 17.8 (+1.5 

189 8.8 13. 17. 16.2 

Precipitation (em) 

1994 4.6 ( -1.2) 5.6 (-0.7) 3.8 (+0.2 1.4 (-I. 7) 

1997 6.1 (+0.2 8.7 (+2.3) 6.5 (+2 .9 4.7 (+1.6 

1998 5.4 (+0.4 10. (+3.7) 3.6 (+0.1 1.7 (-1.4) 

1895 5.9 6.3 3.5 3.1 

IQQR 
(Numbers in parentheses denote departures from mean values) 

little year-to-year variation in the summer-fall 
decrease in greenness (Figure 1). In 1994, below
average precipitation for the summer and early fall 
produced severe moisture stress across all meadow 
types and a high degree of greenness change for 
hydric meadow types and the mesic meadows. M4 
meadows showed significantly more change in 
greenness compared to M5 meadows (P<0.05 , 
F=6.26, df = 5, 24). In contrast, xeric meadows, 
with vegetation adapted to dry conditions, exhibited 
the least seasonal greenness change in 1994. Under 
wetter conditions (1997 and 1998), the hydric 
meadows showed less seasonal change, while the 
mesic meadows continued to exhibit large changes 
in summer-to-fall greenness values (Figure 1). In 
1997, M3 and M4 meadows showed significantly 
more change in greenness compared to M5 
meadows (P<0.05, F=4.44, df= 5, 24). In 1998, M3 
and M4 meadows showed significantly more change 
in greenness compared to M1 meadows, and M4 
meadows showed significantly more change in 
greenness compared to M2 meadows (P<0.05, 
F=6.315, df= 5, 24). 

Differences between the three years are 
suggestive of strong environmental controls, 
particularly temperature and precipitation, on 
changes in meadow greenness. Hydric meadows in 
the study region tend to occur along streams and 
rivers that provide the vegetation with a constant 
source of moisture. Xeric meadows are typically on 
south-facing slopes, with near-constant moisture 
deficits producing sparse vegetation cover and little 
change in greenness. Mesic meadows, however, are 
dominated by a high percentage cover of grasses 
and forbs that are more dependent on precipitation 
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for moisture. 
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Figure 1. Seasonal change in NDVI (mean and standard error) 
for Gallatin sites in 1994, 1997, and 1998. More negative values 
indicated greater seasonal decreases in greenness from summer to 
fall . 

Interannual change 

Overall, the mesic M3 and M4 meadows 
exhibited the greatest range in interannual change in 
midsummer greenness of the six meadow types 
when comparing the periods 1994-1997 and 1997-
98 (Figure 2). Comparing greenness values for 
midsummer 1994 to midsummer 1997, all meadows 
were substantially greener in 1997 than 1994. Of 
the mesic meadows, the M4 meadows exhibited a 
significantly larger interannual change in NDVI 
(1994-1997) than M1 and M2 meadows (P<0.05, 
F=4.824, df = 5, 24). We attribute these greenness 
changes to differences in early summer precipitation 
between the two years. Combined May-June 
precipitation for 1994 was 1.9cm lower than normal; 
May-June precipitation for 1997 was 2.5cm above 
normal (Table 2). Temperatures for both periods 
were warmer than the long-term mean (mean May-

June 1994: +1.5°C; mean May-June 1997: +1.3°C). 
Comparing greenness values for midsummer 1997 
to midsummer 1998, however, the hydric and xeric 
meadows showed little difference in 1997 and 1998 
midsummer greenness values (Figure 2). Mesic 
meadows exhibited lower greenness values in 
summer 1998 than summer 1997, which we 
attribute, based on field observations, to vegetation 
development occurring slightly later in the growing 
season, likely a result of cooler than normal 
temperatures and above-average rainfall in early 
summer (June) 1998 (Table 2). 

+ SUMMARY 

This research has provided significant new 
insights into montane meadow community 
composition and dynamics. We have identified 
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species plant and animal communities associated 
with each of six meadow types arrayed along a 
hydrological gradient. Although there were 
differences between our two sampling regions 
which precluded predictions at the community 

Figure 2. Interannual change in summer greenness for Gallatin 
sites 1994-1997 and 1997-1998. Positive values indicate that all 
meadows were substantially greener in 1997 than 1994. With the 
exception of M4 meadows, meadows showed little difference 
between 1997 and 1998 midsummer NDVI values. 

level by meadow type, there were predictable 
similarities between regions, especially with respect 
to the composition of the most common species in 
each meadow type. We also explored the seasonal 
and interannual variation in spectral response 
associated with each of these six meadow types. 
Our results show that mesic meadows and their 
associated plant and animal communities may be 
some of the most important habitats to monitor in 
the context of global climate change for Rocky 
Mountain ecosystems. 
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Appendix 1. Locations of sites in Gallatin National Forest and northwestern Yellowstone National Park (Gallatin~ and Grand 
Teton National Park (Teton). Sites desifeated with a ~m" are used to identify Gallatin sites, w ereas sites 
designated with a "tm' are used to designa e Teton sites. e number of the code represents the meadow type {i.e. 
m1-m6), and the letter designates the spatial reP,licate. Sites that end in letters a-e are considered the "core sltes'1 

which were surveled each bear, whereas sites with other des¥bnations were considered the additional sites and were 
only surveted in 999 for irdsTbutterflies, andf.lants and 00 for butterflies and plants. UTM xis the easting 
whereas U M}:: is the northing. he Quad is the .5 minute USGS maE on which the site can be found. 

site code utmx utmy Quad 

gm1a 482000 5004250 Lin. Mnt. 
gm1b 492800 4975900 Divide Lake 
gm1c 493500 4983800 Big Hom Peak 
gm1d 478200 4988300 Lin. Mnt. 
gm1e 493800 4979450 Divide Lake 
gmlf 480600 5007740 Lone Indian 
gm1g 498450 4977860 Divide Lake 
gm1h 473300 4990862 Lin. Mnt. 
gm1i 499250 4973335 Divide Lake 
gm1j 495650 4976627 Divide Lake 
gm1k 496520 4985840 Big Hom Peak 
gm2a 474638 4991066 Lin. Mnt. 
grn2b 488200 4992350 Sunshine Point 
gm2c 490450 4990100 Big Hom Peak 
gm2d 487750 4992100 Sunshine Point 
gm2e 490600 4990500 Sunshine Point 
grn2f 487850 4991100 Sunshine Point 
grn2g 483370 5006500 Lone Indian 
grn2h 492250 4987550 Big Hom Peak 
grn2i 492650 4988760 BigHorn Peak 
grn2j 493675 4980375 Divide Lake 
grn2k 499870 4973320 Divide Lake 
gm3a 481550 5007800 Lone Indian 
gm3b 483450 5004700 Lone Indian 
gm3c 483980 5005620 Lone Indian 
gm3d 483680 5006250 BigHorn Peak 
gm3e 488000 4990800 Sunshine Point 
gm3f 482600 5006950 Lone Indian 
gm3g 482700 5004550 Lone Indian 
gm3h 491865 4990130 BigHorn Peak 
gm3i 493875 4983990 Sunshine Point 
gm3j 472400 4990340 Lin. Mnt. 
gm3k 478300 4986850 Lin. Mnt. 
gm4a 483100 5004900 Lone Indian 
gm4b 484500 5006800 Lone Indian 
gm4c 487900 4992800 Sunshine Point 
gm4d 488650 4992120 Sunshine Point 
gm4e 492100 4975700 BigHorn Peak 
gm4f 483440 5005600 Lone Indian 
gm4g 491900 4990630 BigHorn Peak 
gm4h 492200 4988240 Big Horn Peak 
gm4i 489615 4991500 Sunshine Point 
gm4j 471610 4989480 Lin. Mnt. 
gm4k 477050 4987350 Lin. Mnt. 
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gm5a 493400 4976070 Divide Lake 
gm5b 481250 5007850 Lone Indian 
gm5c 477770 4987630 Lin. Mnt. 
gm5d 487400 4989350 Sunshine Point 
gm5e 487350 4990800 Sunshine Point 
gm5f 487250 4990125 Sunshine Point 
gm5g. 483140 5006050 Lone Indian 
gm5h 493820 4978950 Divide Lake 
gm5i 484623 4989630 Sunshine Point 
gm5j 496375 4977590 Divide Lake 
gm5k 497750 4977620 Divide Lake 
gm51 489250 4991950 BigHorn Peak 
gm6a 481950 5007650 Lone Indian 
gm6b 478750 4989300 Lin. Mnt. 
gm6c 489600 4988150 BigHorn Peak 
gm6d 487500 4991300 Sunshine Point 
gm6e 481250 5008500 BigHorn Peak 
gm6f 482740 5005000 Lone Indian 
gm6g 494600 4978070 Lone Indian 
gm6h 495300 4977870 Divide Lake 
gm6i 496110 4974620 Divide Lake 
gm6j 497870 4973750 Divide Lake 
gm6k 481100 5009000 Lone Indian 
tm1a 533500 4859300 Two Ocean 
tm1aa 542640 4861450 Whetstone 
tm1b 533700 4858600 Two Ocean 
tm1bb 539180 4861800 Two Ocean 
tm1c 534800 4859800 Two Ocean 
tm1cc 530950 4860550 Two Ocean 
tm1d 540300 4859200 Whetstone 
tm1e 532600 4857500 Moran 
tm1f 542625 4860050 Whetstone 
tm1g 542550 4861250 Whetstone 
tm1h 523500 4834500 Moose 
tm1i 530250 4860300 Two Ocean 
tm1j 532620 4861800 Two Ocean 
tm1k 537700 4856050 Moran 
tmll 535300 4851050 Moran 
tm1m 532920 4856580 Moran 
tm2a 533752 4857323 Moran 
tm2aa 528200 4869050 Colter Bay 
tm2b 533770 4856838 Moran 
tm2bb 536750 4856670 Moran 
tm2c 540000 4859000 Two Ocean 
tm2d 534900 4858600 Two Ocean 
tm2e 530385 4860168 Two Ocean 
tm2f 535000 4856730 Moran 
tm2g 520830 4832368 Moose 
tm2h 521568 4833481 Moose 
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tm2i 520580 4832880 Moose 
tm2j 533998 4856607 Moran 
tm2k 529380 4835800 Moose 
tm3a 536900 4862750 Two Ocean 
tm3aa 541920 4858400 Whetstone 
tm3b 540100 4859700 Two Ocean 
tm3bb 541400 4854740 Davis Hill 
tm3c 538750 4856400 Moran 
tm3cc 538490 4860050 Two Ocean 
tm3d 532900 4838000 ShadowMtn. 
tm3e 533500 4839200 ShadowMtn. 
tm3f 529100 4864870 Colter Bay 
tm3g 533892 4854809 Moran 
tm3h 521450 4834398 Moran 
tm3i 521070 4833500 Moose 
tm3j 534200 4863500 Two Ocean 
tm3k 539700 4855130 Moran 
tm31 538400 4856300 Moran 
tm3m 540420 4858070 ShadowMtn. 
tm5a 537900 4856300 Moran 
tm5aa 527300 4840550 Moose 
tm5b 548353 4855055 Davis Hill 
tm5bb 526551 4838505 Moose 
tm5c 549300 4855400 Davis Hill 
tm5d 528750 4835450 Moose 
tm5e 530300 4837300 Moose 
tm5f 542470 4858550 Whetstone 
tm5g 529450 4866650 Colter Bay 
tm5h 532375 4841720 ShadowMtn. 
tm5i 530360 4863200 Two Ocean 
tm5j 530425 4864425 Two Ocean 
tm5k 526551 4838250 Moose 
tm51 530749 4839475 ShadowMtn. 
tm5m 526260 4834370 Moose 
tm6a 541000 4858400 Whetstone 
tm6aa 525125 4848640 Jenny Lake 
tm6b 532750 4851500 Moran 
tm6bb 534100 4862850 Two Ocean 
tm6c 522750 4842750 Moose 
tm6cc 524100 4838250 Moose 
tm6d 522300 4841500 Moose 
tm6e 522800 4838200 Moose 
tm6f 542520 4862125 Whetstone 
tm6g 530450 4861400 Two Ocean 
tm6h 531700 4851700 Moran 
tm6i 527200 4838300 Moose 
tm6j 538400 4855500 Moran 
tm6k 531379 4843250 ShadowMtn. 
tm61 529290 4837625 Moose 
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+ INTRODUCTION 

There are few other regions where the 
influence of climate on basic ecosystem attributes has 
been as well documented as the Greater Yellowstone 
Ecosystem (GYE). Research has shown that elk, 
bison, and grizzly bear populations in the GYE are 
tightly linked to annual climate variation (Meagher 
1976, Picton 1978). Authors have shown that the 
distribution of vegetation types in Grand Teton and 
Yellowstone National Parks is influenced by the 
seasonality of precipitation (Despain 1987, 1990). 
Natural disturbances, especially fires and insect 
outbreaks, are also known to coincide with specific 
climate scenarios in this region (Knight 1987, Balling 
et al. 1992). Therefore, understanding how climate can 
vary over time is essential for the proper management 
of these areas (Luckman 1996). 

Modem instrumental records have 
contributed greatly to our understanding of the 
current GYE climate system. In particular, work by 
Mock ( 1996) and Bartle in et al. ( 1997) has 
demonstrated how local manifestations of large-scale 
circulation patterns produce distinct climates within 
the GYE. In addition, studies using modem climate 
records and General Circulation Models by Balling et 
al. (1992) and Bartlein et al. (1997) have identified 
trends toward increasing aridity in the GYE and the 
potential for these trends to continue well info the 
future. 

Late Pleistocene and Holocene (18-1 kya) 
climate in the GYE is known mainly from lake
sediment cores. Work by Whitlock (1993), Whitlock 
and Bartlein (1993), and Thompson et al. (1993) 
indicates that after deglaciation, increased solar 
radiation during summer months led to a highly 
seasonal climate regime. As levels of solar radiation 
changed through the Holocene, GYE climate became 
increasingly more like today until the modem regime 
became established around 1500-1600 AD (Whitlock 
1993, Elias 1997). 

While existing modem and paleoecological 
studies reveal important aspects of the GYE climate 
system, there is a distinct lack of high-resolution data 
for most of the last millennium. Lake sediments only 
record climate variation at a resolution of hundreds to 
thousands of years, and instrumental records do not 
exist before the 1890s. Dendroclimatology, the study 
of climate using patterns of tree-ring growth (Fritts 
197 6) is particularly well suited to fill this gap in our 
knowledge of GYE climate. 

Tree-rings have been used successfully for 
climate reconstructions worldwide, offer records 
spanning decades to millennia, and can provide 
annual resolution. Therefore, we are developing a 
network of tree-ring sites in the western Absaroka 
Mountains and eastern Bighorn Basin to fill 
important spatial (areas east of Yellowstone NP) and 



temporal (high resolution for the past 700-1,000+ 
year) gaps in our knowledge of GYE climate. 

+ METHODS 

Field Techniques: 

During the summer 2000 field season, we 
sampled trees from three sites in the Absaroka 
Mountains (Figure 1 ). Two sites, Stagecoach and 
Crosby Mountain, were located along the Wood 
River about 60 km west of Meeteetse, Wyoming. 
The third site was located on Carter Mountain 
southwest of Cody, Wyoming. Multiple cores were 
taken from 86 Pinus jlexilis (limber pine) trees (live 
and dead) at the Absaroka area sites. All three sites 
have an elevation near 8700'. All cores were 
collected from trees growing on effectively dry 
substrates such as bare rock or talus. 

Figure 1. Map of study site locations. National Forest (light gray) 
and National Park (dark gray) lands are also shown. Figure 1. 
Map of study site locations. National Forest (light gray) and 
National Park (dark gray) lands are also shown. 

Dating and Measurement of Cores: 

In the laboratory, we dried, mounted, and 
progressively sanded all cores to at least 400 grit 
(Cook and Kairiukstis 1990, Grissino-Mayer 1996). 
Exact dates were assigned to each ring using standard 

· crossdating methods (Stokes and Smiley 1968, 
Swetnam et al. 1985). We then measured all rings 
from the dated series to the nearest 0. 01 mm using a 
computer-based optical measuring device. Dating 
accuracy was confirmed using the COFECHA 
program (Holmes 1983). 

As tree diameter increases with age, ring 
width generally decreases since a year's growth must 
be spread over a larger area (Fritts 1976). This 
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growth artifact must be removed through the process 
of standardization before the climate signal can pe 
extracted. We used the CRONOL program (Holmes 
1992) to standardized ring widths from each dated 
series and assemble these series into a site 
chronology consisting of the average ring-width 
index value for each year. 

Reconstructing Climate from Tree Growth: 

We used correlation analysis to compare 
modem meteorological records with standardized 
tree-ring widths produced during the same time 
period (Fritts 1976). Both individual weather station 
records and regionalized data were examined. Since 
tree growth can be impacted by climate over a period 
extending to the previous year's growing season, we 
also constructed seasonal variables for comparison 
(Grissino-Mayer 1992). 

+ RESULTS AND DISCUSSION 

We developed records ranging from 801-
1126 years in length from the Absaroka mountain 
sites (Table 1 ). The ring widths from these sites are 
significantly (p<O. 0 1) correlated with regional and 
local growing season moisture. More specifically, 
these ring-width records are correlated with summer 
drought indices (Palmer Drought Severity Index) in 
Wyoming Climate divisions 1, 2 and 4 (the 
Yellowstone, Snake and Bighorn drainages, 
respectively) and spring, summer and annual 
precipitation for individual climate stations in the 
western Bighorn Basin. Pearson correlation values 
range from r=0.3 to r=0.55. Ring width 
measurements are also highly correlated between 
sites (p<0.01, r>0.5), indicating a strong regional 
forcing on the growth of these trees. 

Table 1. Sites sampled during summer 2000 with location 
I (Lat/Lon) and length of record. 

Site Location Years in Record 

Carter Mountain 440 19', 1090 801 
16' 

Stagecoach 43 0 56' , 1090 1126 
12' 

Crosby Mountain 43 0 56', 1090 879 
14' 

In some cases these records may fail to 
capture high frequency, year to year variations in 
climate (Figure 2). This may be due in large part to 
these sites location on the· border of three state 
climate divisions and their distance from climate 
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stations (Figure 3). However, smoothing to remove 
extreme year to year variations shows that these 
chronologies capture lower frequency, multi-year to 
decadal trends very well (Figure 4). Overall, the 
relationship between these chronologies and modern 
climate records, along with the strong relationship 
between ring-widths at each site indicate that these 
records are a good proxy for regional drought. 
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Figure 2. The Carter Mountain limber pine chronology and 
Wyoming Climate Division I June PDSI (Palmer Drought Severity 
indices). Ring-widths at the Absaroka a rea sites are significantly 
correlated with summer PDSI values from the surrounding regions. 

1.2 350 

1.1 300 
til 
> 

I( 
250 ~ Cll 

"C 0 .: c ~ 

~ 0.9 200 ~ 'i 
Cl !! 
c 

150 ~ ~ 0.8 

0.7 100 

1915 1925 1935 1945 1955 1965 1975 1985 1995 

Year AD 

Figure 3. Wyoming Climate Divisions and tree-ring study sites . 
All three study sites sit on the boundaries between Wyoming 
Climate Divisions 1,2,4 and 9. 
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Figure 4. Comparison of ring-width index values from the Carter 
Mountain limber pine chronology and the percentage 
of average annual precipitation (percentage of 100 yr average) 
recorded at climate stations in the western Bighorn Basin over 
the same period. Data are smoothed using a 5-year moving 
average to highlight multi-year (low frequency) variations. 

With 18 trees spanning the 1800-2000 AD 
portion of the record and 6 trees dated back to 1350, 
the Carter Mountain site represents the most 
completely developed chronology from our Absaroka 

Mountains study area. Several severe, multi-year 
droughts are recorded in this chronology during the 
period 1350-2000 (Figure 5). In particular, droughts 
during the periods from roughly 1370-1390, 1590-
1610, 1650-1660 and 1730-1760 surpass any 
droughts seen in the 20th Century in both duration and 
magnitude. These same droughts are also reported 
from records in the Northern Great Plains. While this 
strengthens our assertion that these chronologies 
record regional drought, it also points to the potential 
for devastating, widespread droughts striking both the 
Great Plains and Rocky Mountain West 
simultaneously. When the Carter Mountain 
chronology is compared with records from our sites 
in the Bighorn Mountains (Fastie et al. in prep), we 
see severe droughts occurring more or less 
simultaneously during the period from 1500-2000 in 
these two areas (Figure 6). Before 1500 drought 
events become more a synchronous, but this maybe 
an artifact of low sample depth (n = 6) in the Carter 
Mountain chronology for this period. 

1350 1450 1550 1650 1750 1850 1950 

v .. rAD 

Figure 5. The Carter Mountain limber pine chronology. Ring
width values above 1 correspond to wet episodes while 
values below 1 indicate drought conditions. Both the annual ring
width record and a 25-year smoothing (moving average) 
are shown. Major droughts reported in Woodhouse and Overpeck 
(1998) and Stahle et al. (2000) are also shown. 

When we compare fire history records from 
Yellowstone National Park (Romme and Despain 
1989) with our Carter Mountain chronology, we see 
that active burn periods tend to follow prolonged wet 
events. In particular, two of the three most active 
burn periods from 1690-1870 follow the wettest 
events recorded in the Carter Mountain chronology 
(Figure 7). The 1730-1750 burn period, the second 
worst in the prehistoric period, follows a moderate 
wet event, but also coincides with a major drought. 
Overall, these data suggest that both fuel buildup 
during moist years and extreme dry conditions 
contribute to major fires. 
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Figure 6. Comparison of the Carter Mountain and Bear Canyon 
(See Figure 1 for location) limber pine chronologies. Data are 
smoothed using a 25-year moving average. Ring-width values 
above 1 correspond to wet episodes while values below 1 indicate 
drought conditions. 
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Figure 7. Comparison of major GYE bum periods and the 
Carter Mountain limber pine chronology. Major bum periods 
represent 20-year intervals when at least 10% ofRomme and 
Despain's (1989) 320,000 acre study area burned. 

+ CONCLUSIONS 

As we continue to build and strengthen these 
chronologies, this project promises a detailed 
reconstruction of climate dynamics during the past 
700-1 ,000+ years for portions of the GYE east of 
Yellowstone National Park. This period is 
particularly important since current precipitation 
regimes are thought to have developed after 1500 AD 
(Whitlock 1993, Elias 1997). While dendroclimatic 
reconstructions for this time period have begun 
elsewhere in the GYE, almost no effort has been 
made to understand the past climate dynamics of our 
study area. Furthermore, comparisons between our 
paleo-climate records and reconstructions of pre
historic burns in the GYE may yield further 
information on the relationship between climate and 
fire. 

Overall, these records show that the climate 
of the 20th Century was relatively mild in comparison 
to periods in the past. Therefore, any drought 
response strategies based on the 20th Century climate 
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record cannot account for the full range of drought 
severity and duration we should expect. 
Furthermore, based on comparisons between our 
climate reconstructions and those from the Bighorn 
Basin and northern Great Plains, the most severe 
droughts may also tend to be the most widespread. 
Anyone with an interest in fires, wildlife and 
agriculture in the eastern GYE must consider these 
facts when planning for the management of these 
areas. 
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+ INTRODUCTION 

Exotic species are one of the largest human
caused threats to ecosystems and are becoming a 
central focus of research for ecologists. We do not 
know what factors allow exotic species to invade, nor 
can we predict what effects the exotic species will 
have once it has invaded. Invasive species, 
including mollusks, have greatly affected processes 
in freshwater ecosystems. 

A recent mollusk invader to North America 
is the New Zealand mud snail, Potamopyrgus 
antipodarum. It is a small snail (ca. 4mm long) in the 
family Hydrobiidae. Potamopyrgus has recently 
invaded the Snake and Madison Rivers and the Great 
Lakes In the Madison River, it is numerically 
dominating the benthos in certain locations with 
densities over 300,000 individuals/m2 with a 
corresponding biomass of 30 g/m2 (R. Hall, 
unpublished data). Because mud snails have high 
biomass and potentially high secondary production, 
they may alter algal species composition, and lower 
algae biomass and production in rivers. Algae form 
the base of the food web in these rivers; hence, mud 
snails may be competing with other invertebrates by 
lowering algae biomass as has been shown for a 

caddisfly grazer (Kohler and Wiley 1997). It is 
relatively straightforward to measure grazer impact 
on algae population using small-scale experiments. 
However, it is harder to scale up these estimates to 
whole-river primary production because we cannot 
manipulate snail densities at this scale. From a 
management perspective, we cannot do experiments 
every time a prediction is needed, e.g. when this snail 
invades a different river. For this reason to predict 
impacts based on knowing snail and algae biomass 
using a modeling approach may become useful. 

Ecologists are just beginning to link energy 
flow with experimentally measured interaction 
strengths. Recently Wootton (1997) provided a 
theoretical means to link energy flow with 
experimentally measured interaction strength for bird 
foraging in the rocky intertidal zone. He estimated 
parameters of a Lotka-Volterra predator-prey model 
using consumption rate estimates. He then compared 
these estimated parameters with those measured 
(using the same units) using experiments. He found a 
positive correlation between the two suggesting that it 
is possible to predict interaction strength from energy 
flow from the consumer to the resource. · 

The objective of this study is to estimate 
interaction strength between exotic mud snails and 



150 

periphyton by using the modeling approach 
developed by Wootton ( 1997) and to test these 
estimates by using controlled field experiments. 

+ METHODS 

Study sites were the Upper Snake River near 
the South entrance of Yellowstone Park and the 
Firehole River downstream of Ojo Caliente. The 
Snake river is a cobble-bottom stream with a large 
alluvial channel. We performed one experiment 
during Aug. 2000. The Firehole River is a 
geothermally influenced spring stream with extensive 
macrophyte beds, where we conducted 2 experiments 
during Aug. 2000. Snail densities are high in the 
Madison River, and this site was the location of 
previous experiments (B. Kerans Montana State, M. 
Dybdahl, Ohio U.) to examine competition. Snails 
are less dense in the Snake River, but I have observed 
strongly reduced algal biofilms on rock that they 
have colonized in backwater channels. 

Modeling approach. Wootton ( 1997) 
outlined an approach whereby theoretical estimates 
of interaction strength can be compared with those 
measured from experiments. 

Given a standard predator-prey model for 
one predator feeding on one prey: 

dN 
-=aN-eNS 
dt 

(1) 

where N= algae biomass, S= snail biomass and c the 
per capita interaction strength of snails on algae. The 
consumption rate of algae (biomass of algae· area-• · 
time -I) is equal to - c SN . The impact o f the grazer 
species on algae is cS which has units of (time-1

) and 
is equal to the ingestion rate divided by prey biomass 
per unit area. This impact represents the fraction of 
algae removed per unit time by the grazing snails. 
Per biomass impact (c) can be determined by 
dividing cS by predator biomass, giving units of 
time-• ·(predator biomass/arear• (Wootton 1997). 

By multiplying cS by some elapsed time t 
we can estimate the species impact of snails on algae 
over that time. This value can be directly compared 
with results from experiments by using a discrete 
time variant of eq 1. 

N1 =No exp{(a-cS)t} 
(2) 

where Nt is algae biomass at some time t and N0 is 
initial algae biomass. The effect of snails on algae can 
be shown as the ratio of algae biomass CNt ) with (S> 
0) and without (S=O) grazing snails. By setting up 
this ratio and simplifying: 

(3) 

Thus the left-hand side of eq 3, which is estimated 
experimentally, can be compared directly with eSt 
estimated from consumption rates of snails on algae 
(Wootton 1997). 

In each experimental unit (see below) we 
estimated consumption rates of algal biomass as a 
whole and of individual species of algae using the 
trophic basis of production method (Benke and 
Wallace 1980, Hall et al. in press). By knowing 
secondary production of the species and its food 
sources, flow from each food type i to consumer j (Fij 
in mg AFDM m-2 d-1

) was calculated by using the 
following equation: 

(4) 

where Pj is production of consumer j in mg, AFDM 
m-2 d-1 and AEi is assimilation efficiency for algae 
(assumed to be 0.3), and NPE is net production 
efficiency (assumed to be 0.4) (Benke and Wallace 
1980). 

Consumption rates and experimental 
procedure. Snail production was measured by 
multiplying snail biomass per unit area by a 
measured growth rate and fecundity rate for 5 size 
classes of snails at each of the sites. We estimated 
growth rates by caging snails in small enclosures for 
three weeks and measuring change in biomass and 
juvenile snail production. 

We measured interaction strength directly 
by manipulating snail density and observing changes 
in algae populations. We manipulated snails by using 
8-9 plastic sandwich trays with window screen 
covering the top and sides of each tray. Each tray 



held 6 4-5 em rocks and were bolted to a brick which 
held them in the current. To each of 2 trays we added 
0, 50, 100, or 200 snails. 

After 7 days we removed from the trays and 
collected all snails to measure biomass and 
consumption rates. Primary production on the rocks 
was estimated by putting rocks into light and dark in 
situ chambers and measuring consumption/ 
production of dissolved oxygen after a 1-hour 
incubation. After the production estimates, algae 
were brushed off rocks using a toothbrush and water. 
A sample of the resulting slurry was analyzed for 
chlorophyll, which is an indicator of algal biomass. 
We estimated algal biomass from chlorophyll a 
assuming a C/Chl ratio of 50. 

+ RESULTS 

Primary production on the chambers decline 
as a function of snail density in each of the cages 
(Fig. 1 ). Slopes for the Firehole river were steep and 
nearly equal, showing the impact varied little 
between the two experiments. Production in the 
Snake River declined much less sharply, showing 
lower per capita impact of the snails. 
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Figure l . Primary production declined as a function of snail 
biomass in the experimental chambers. Lines are least-squares 
linear regressions and are statistically significant (?<0.05) 

Measured interaction strength was positively 
related to predicted interaction strength showing that 
we could predict the direction of interaction by using 
consumption rate estimates. However the slopes of all 
of these relationships were < 1 showing that we 
predicted much stronger declines than we measured. 
Also, based on the slopes of each of these lines, it 
shows that snails in the Snake River have similar 
impacts relative to those in the Firehole River. (Fig. 
2) 
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Figure 2. Predicted snail impact is positively related to measured 
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impact is eSt estimated from consumption rates of snails on 
algae( see text for details) Filled circles and hollow circles are data 
for Firehole River experiments 1 and 2 and triangles are fort he 
Snake River experiment. Lines are least-squares linear regressions 
and are statistically significant for each fit. Numbers are the slope 
of each line and show that measured impact is smaller than 
predicted impact. 

It is possible that high algal turnover 
explains why we predict higher impact than we 
observe; replacement of algal biomass through rapid 
growth may lessen impact of grazers on their 
biomass. Therefore we compared the ratio of snail 
consumption I algal production with measured 
impact. High consumption/production ratios should 
represent higher impact of snails on algae . 
Production/consumption was strongly negatively 
related to measured snail impact showing that we can 
predict the direction, but not magnitude, of impact 
between snails and algae. Interestingly, this analysis 
shows that snails in the Snake River have much lower 
impact on algae than those in the Firehole River, 
(Fig. 3) which is what we observed in Fig 1. 
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Figure 3. Snail consumption I algal production is negatively related 
to measured impact. Filled circles and hollow Circles are data for 
Firehole River experiments 1 and 2 and triangles are for the Snake 
River experiment. Lines are least-squares linear regressions and 
are statistically significant for each fit. 
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+ DISCUSSION 

Although some have argued that 
consumption rates cannot be related to 
experimentally measured interaction strength (Paine 
1980, 1992) we showed here that indeed they can as 
Wootton (1997) found. However we add the caveat 
that we were not able to relate the magnitudes 
exactly. This effect is most likely because algae can 
tum over their biomass very quickly and they are 
probably able to keep up with invertebrate grazing 
without a large decrease in biomass as also found by 
Ruesink (1998). By relating algae consumption I 
algae production we are able to account for this high 
turnover by measuring growth rate (primary 
production) itself. Unfortunately, this approach is not 
developed in the theoretical context of W cotton 
(1997), and because the units are different, we have 
no a priori basis to relate production/consumption 
with measured impact. However this second 
approach better showed the lower impact of snails on 
algae in the Snake River compared with the Firehole 
River. 

Impact of snails on algae was much lower in 
the Snake River than the Firehole river, despite the 
fact that we predicted much stronger impacts there 
based on consumption I production. Our predictions 
may be in error if snails are consuming nonliving 
detritus instead of algae in the Snake River. That is, 
inputs of sestonic detritus may have been subsidizing 
snails there such that algal biofilrns were less 
affected. Also, algae in the Snake river may be 
resistant to grazing, and therefore less impacted than 
those in the Firehole River. This variation in impact 
means that, as of yet, we cannot a priori predict snail 
impact in different river because the per-biomss 
impact varies so greatly between these 2 rivers. 
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+ INTRODUCTION 

Resource managers of private and public forests 
are often faced with a host of questions on forest extent, 
condition, and change in the course of land management. 
With more than 700 million acres of land covered by 
forest in the United States, the task of mapping and 
inventorying forested lands is a challenging one. Detailed 
and accurate maps of forest condition and structure are a 
necessity for rigorous ecosystem management. Forest 
maps are a fundamental information source for fire 
behavior modeling, animal habitat management, 
prediction and mapping of forest insect infestations, and 
plant and animal biodiversity assessment. 

Digital images acquired by earth imaging 
satellites are being used to help forest managers provide 
this information. Satellite images, when analyzed using 
advanced geostatistical techniques, can produce 
infonnation on forest condition and structure, information 
that can be used to help answer questions such as those 
posed above. Satellite imagery has been used for many 
years to map land cover in forested regions, but natural 
resource managers are also starting to use remotely 
sensed satellite imagery to calculate the age, density, 
species, and successional state of forests under their care. 

In May 1999, the Kansas Applied Remote 
Sensing (KARS) Program at the University of Kansas 
was selected by NASA Earth Science Enterprise 
Applications Division to develop methods that use 
remote-sensing data and advanced geostatistical methods 

to create maps of forest age and successional state, or 
"cover types," and of forest biophysical factors, 
including density, biomass, leaf area, basal area, and 
height. By calibrating remotely sensed multispectral 
data with a small number of ground measurements, 
characteristics of the forest measured at sample points 
can be extrapolated across a large geographic region. 
This has significant advantages for forest management, 
especially when forests are in remote or inaccessible 
locations. 

The goal of this research is to develop new 
methods for the analysis of forest canopy structure, 
secondary forest regrowth, and forest fire history that 
take advantage of both the spectral and spatial 
correlation of ground phenomena and remotely sensed 
information. 

+ PREVIOUS RESEARCH 

Past research topics have included 
characterization and modeling of lodgepole pine seral 
stages (Jakubauskas and Price, 1997; Jakubauskas, 
1996a), analysis of image texture and forest regeneration 
(Jakubauskas, 1997), effects of insect damage on spectral 
response in a successional continuum (Price and 
Jakubauskas, 1998), investigation of forest structure I age 
class in Yellowstone and Grand Teton National Parks 
(Jakubauskas and Price, 2000; Jakubauskas, 1996b), 
and generating forest canopy structure models from 
remotely sensed data (Jakubauskas et al, 2001). 
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Figure 1. Landsat 7 ETM+ image of Yellowstone National Park, 
July 13, 1999. Sample points for the study within the Central 
Plateau are indicated by white dots. The Grand Loop Road appears 
as yellow lines. 

Integrating satellite imagery and field data for regional 
forest inventory 

A single sample point, or a set of sample 
points distributed a bout an area provide information 
only about the area immediately adjacent to a given 
point, and provide no information about unsampled 
locations between points. Characteristics of the forest 
measured at a sample point, therefore, may not truly 
indicate the range or variability in sample values within 
an area. This potentially can lead to erroneous forest 
management decisions based on incomplete or 
unrepresentative data. Field-sampled data are often 
expensive and time-consuming to collect and analyze, 
and the inaccessibility of sample sites, due to 
topography or other conditions, may further limit the 
size of the data set. 

Remotely sensed data, in contrast, are a 
spatially explicit sample of an area, but must be related 
to field data by some means in order to produce a useful 
product. Historically, this integration of field and 
satellite data was performed on a qualitative basis: data 
from field samples were used to visually identify stands 
with certain characteristics on a satellite image or air 
photo, or used to identify clusters of spectrally similar 
pixels in a digital image that had been clustered by a 
computer into discrete classes. Simple statistics, such 
as correlation and regression, have been used in remote 
sensing for many years to describe the relationship 

between the amount of light reflected by an point or 
location, and some property or attribute of that area, 
whether that be biomass or leaf area or canopy 
characteristics. By calibrating remotely sensed data 
with field-sampled ground measurements, forest 
characteristics measured at independent points can be 
mapped across a large geographic region, including 
areas that have not been field-sampled. 

Remotely sensed data can be integrated with 
information collected in field sampling by several 
means. Researchers have used correlation or regression 
analysis to study relationships between spectral 
reflectance and coniferous forest structural factors, 
including basal area and biomass, crown closure, 
diameter at breast height, height and density, forest age, 
and leaf area index. Regression equations produced by 
statistical analysis of spectral and forest characteristics 
can be applied on a pixel-by-pixel basis to a digital 
remotely sensed image to produce forest maps, such as 
a map of forest age. A more sophisticated method for 
integrating satellite and field data uses geostatistics. 
Geostatistics, sometimes also referred to as spatial 
statistics, are an advanced geographic analysis 
technique that take into account the characteristics of 
the area surrounding a point of interest to make more 
precise and accurate estimates. 

+ STUDY AREA 

Initial model development will focus on the 
lodgepole pine (Pinus contorta var latifolia) forest of 
the Central Plateau region of Yellowstone, where we 
have been conducting forest research for nearly a 
decade. Elevations range between 2100 and 2600 
meters, with occasional streams bisecting the gently 
rolling uplands. The majority of the Central Plateau 
vegetation is classified by Despain (1990) into the 
subalpine fir/grouse whortleberry (Abies 
lasiocarpa/Vaccinium scoparium) habitat type, with 
much of the habitat type consisting of lodgepole pine 
forest in a mosaic of successional stages, or cover types. 
The Despain cover type classification for Yellowstone 
uses a letter code to designate the species (LP = 
lodgepole pine) and a numerical code (0, 1,2,3) to 
indicate the relative stage of development of the forest 
stand. 

Field Sampling Methods 

Field sampling during summer 1999 and 2000 
has been directed toward acquiring a set of forest 
structural and biophysical parameters in the Central 



Plateau ofY ellowstone National Park at two spatial scales. 
Broad-scale sampling was performed at points on a 1 

km grid interval corresponding to major UTM 
easting/northing intersections. Intensive sampling was 
performed at three sets of fine grids with points placed 
at 100 m intervals, nested within the coarse sampling 
grid (50 points per intensive grid; 150 points total). The 
three intensive grid sites were located in areas 
dominated by each of three distinct lodgepole pine 
cover types: LPO (early successional, 0-70 years 
postfrre, areas regenerating from the 1988 frres); LP1 
(mid-successional, approximately 70-150 years 
postfrre ); and LP3 (late successional, approximately 
250-350 years postfire). Field sites were located on the 
sampling grids using GPS units. Given the large 
number of sites to be sampled to achieve the necessary 
dense network of points, plotless methods for 
calculation of live basal area and tree height were 
employed. At each site, live basal area was determined 
for each species using cruising prisms. Tree heights 
was calculated for the two tallest trees in each of the 
four quadrants defined by the intersection of a north
south line and a east-west line at the sampler's feet. 
Rangefinders were used to determine the distance to the 
base of each tree sampled for height, and clinometers 
were used to measure the angle to the base and top of 
each tree. Tree heights were calculated using 
trigonometric equations. Canopy density was 
determined at each site using densiometers. Leaf area 
index (LAI) was measured using a line quantum sensor. 
Aboveground green biomass is derived from basal area 
using allometric equations specific to lodgepole pine. 

Satellite multispectral imagery 

Landsat 7 Enhanced Thematic Mapper (ETM +) 
satellite multispectral data were acquired for the park 
on July 13, August 14, and September 15, 1999. These 
three data sets are available to interested researchers 
working in Yellowstone at an online image data archive 
http://www .kars. ukans.edu/forest/landsat7 .htm 1. Data 
have been converted to radiance, topographically 
adjusted, and converted to radiance. Additional data to 
be acquired during the 200 1 field season include 
additional Landsat 7 ETM+ imagery, E0-1/Hyperion 
hyperspectral data, Space Imaging IKONOS 4.0m 
multispectral data, and airborne digital multispectral 
camera imagery with a spatial resolution of 1.0 meter. 

+ RESULTS AND PROGRESS TO 

DATE 

A total of 433 points were sampled in the 
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Central Plateau of Yellowstone in 1999 and 2000 (50 
points each in the three intensive grids, 283 points on 
the extensive grid) (Figure 1 ). Geostatistical analysis of 
the point and image data is ongoing. Kriged estimates 
of forest biophysical parameters have been completed, 
and cokriged estimates of forest parameters, using the 
field data and an Normalized D ifference Vegetation 
Index (NDVI) transformation of the satellite imagery 
are in progress. 

+ LITERATURE CITED 

Despain, D.G. 1990. Yellowstone Vegetation: 
Consequences of Environment and History in 
a Natural Setting. Roberts Rinehart, Boulder, 
Colorado. 239 p 

Jakubauskas, M.E., Martinko, E.A., Price, K.P., and 
Moskal, L.M. 2001. Regional forest 
inventory by geostatistical integration of 
satellite imagery and field-sampled data. 2001 
ASPRS Annual Meeting, St. Louis, MO. 

Jakubauskas, M.E. 1997. Effects of forest 
regeneration on texture in Landsat Thematic 
Mapper imagery. Canadian Journal of 
Remote Sensing 23(3):251-257 

Jakubauskas, M.E. 1996a. Thematic Mapper 
characterization oflodgepole pine seral stages 
in Yellowstone National Park, USA. Remote 
Sensing of Environment, 56:118-132. 

Jakubauskas, M.E. 1996b. Canonical correlation 
analysis of coniferous forest spectral and 
biotic relationships. International Journal of 
Remote Sensing, 17(12):2323-2332. 

Jakubauskas, M.E. and Price, K.P. 2000. Regression
based estimation of lodgepole pine forest age 
from Landsat Thematic Mapper Data. 
Geocarto International 15( 1 ): 1-6. 

Jakubauskas, M.E. and Price, K.P. 1997. Empirical 
relationships between biotic and spectral 
factors ofY ellowstone lodgepole pine forests. 
Photogrammetric Engineering and Remote 

Sensing 63(12):1375-1381 

Price, K.P., and Jakubauskas, M.E. 1998. Spectral 
retrogression and insect damage in lodgepole 
pine forests. International Journal of Remote 
Sensing 19(8):1627-1632. 



ABOVE- AND BELOWGROUND CARBON ALLOCATION IN 

DEVELOPING AND MATURE LODGEPOLE PINE FORESTS 
IN YELLOWSTONE NATIONAL PARK: A PROGRESS 

REPORT 

+ 
CREIGHTON M. LITTON + DENNIS H. KNIGHT 

DEPARTMENT OF BOTANY+ UNIVERSITY OF WYOMING 
LARAMIE 

+ INTRODUCTION 

It has been proposed that forests will act as a 
sink for -50% of the anthropogenic C02 projected to 
be released into the atmosphere by the year 2050 as 
global net primary productivity in forests increases 
(DeLucia et al. 1999). Coniferous forest ecosystems 
dominate a large portion of the Earth's land area, and 
fire plays an important role in the natural disturbance 
regime of these ecosystems (Archibald 1995). 
Quantifying the components of the carbon cycle 
during ecosystem recovery from fire is fundamental 
for determining how fire and changes in fire 
frequency alter regional and global carbon budgets 
(Auclair and Carter 1993, Houghton 1996, Burke et 
al. 1997). Clearly, if we are to model the effects of 
terrestrial ecosystems on global carbon budgets, we 
must develop a better understanding of the role that 
natural disturbance plays in the carbon dynamics of 
these systems. 

Processes that occur after fire may be more 
important for carbon cycling than the iinmediate 
return of carbon to the atmosphere through biomass 
oxidation (Auclair and Carter 1993). For example, 
primary productivity following fire is reduced or 
eliminated until new chlorophyll is synthesized in 
new leaf area. In addition, aboveground detrital 
inputs are greatly altered and formerly live roots 
become available for decomposition. Moreover, 

litter quality changes with the oxidation of fine fuels; 
soils and litter become warmer with the removal of 
overstory shading and a change in albedo; and soils 
become wetter because of essentially no post-fire 
transpiration and very little interception of rain and 
snow. These changes can increase decomposition 
and soil respiration (Burke et al. 1997), releasing as 
much as three times more carbon to the atmosphere 
as the amount released by the initial fire (Auclair and 
Carter 1993). Notably, carbon is assimilated by new 
plant growth in fire-adapted ecosystems, with 
perhaps little net effect on atmospheric C02 (Crutzen 
and Goldhammer 1993). 

In addition to large effects on carbon 
budgets at the stand scale, fire and landscape 
variables interact to produce a mosaic of different 
vegetation types (Anderson and Romme 1991, Turner 
et al: 1997a and b, Foster et al. 1998). The resulting 
spatial heterogeneity in tree density, herbaceous 
cover, and species composition in Yellowstone 
National Park (YNP) will influence primary 
production and carbon storage for many years. 
Therefore, to determine the long-term effects of fire 
on carbon release and storage following fire, 
~ormation is ~eeded on how processes differ among 
s1tes as a functiOn of community structure and stand 
age. YNP is an ideal study area for this kind of 
research. 



Our objective is to answer two questions: 

1) How does the relative abundance of trees, 
shrubs, and herbs influence above- and 
belowground carbon storage and flux values in 
young post-fire stands? 

2) How do above- and belowground carbon storage 
and fluxes in young post-frre stands differ from 
those in nearby mature forests? 

+ METHODS 

Study sites: Sixteen permanent plots were 
located in the summer of 2000 on the subalpine 
plateau of YNP using a full factorial design: four 
replicates of four forest types (namely, low, 
moderate, and high densities of lodgepole pine trees 
in 12-yr-old post-frre forests, plus nearby mature 
stands, all with comparable edaphic and topographic 
conditions). Each plot is approximately 0.5 ha in size 
and consists of three 1 x 20 m permanent transects 
for the estimation of soil C02 effiux, six 1m2 litterfall 
traps for the estimation of litterfall rates, and five 2 x 
50m temporary transects for the measurement of 
sapling density, herbaceous cover, and pre-fire basal 
area. 

Aboveground Carbon Allocation: 
Aboveground net primary productivity (ANPP) for 
the year 2000 will be estimated for all species and 
growth-forms (tree, herbaceous and shrub) in each 
plot using existing allometric equations and 
commonly employed harvesting techniques. This 
work will be completed in the spring of 200 1, as leaf 
and twig expansion in 2000 was not complete until 
September, after our field season had ended. 
Measurements of herbaceous and shrub ANPP were 
made at approximate peak biomass during the 
summer of 2000. 

Allometric equations for the estimation of 
tree ANPP in young stands were developed during 
the summer of 1999 (r2 values from 0.73 - 0.87). 
Harvested trees in 2001 will be used to validate the 
current allometric equations and to produce new 
equations for the estimation of tree ANPP in those 
sites where that seems necessary. The ANPP for 
large trees in mature forests will be estimated using 
regression models developed by Pearson et al. 
(1984), or modifications of those equations if 
necessary. Additional trees will be sampled as 
needed in June· of2001. 
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Herbaceous and shrub ANPP will be 
estimated by using cover values (by species) obtained 
during the summer of 2000 and allometric equations 
between cover and ANPP for each species. These 
allometric equations were derived by species during 
the summer of 1999 (r2 values from 0.84- 0.99). 

Belowground Carbon Allocation: The Total 
Belowground Carbon Allocation (TBCA) method of 
Raich and Nadelhoffer (1989) was introduced as an 
alternative to the estimation of belowground carbon 
allocation by plants. TBCA consists of coarse and 
fine root production (i.e., BNPP), root construction 
and maintenance respiration, and carbon allocated to 
root exudates and mycorrhizae (Raich and 
Nadelhoffer 1989, Ryan 1991, Gower et al. 1996). 
This carbon balance approach is derived assuming 
that carbon stored in soil, roots, and litter is at steady 
state and, therefore, soil respiration (F s) must equal 
carbon inputs to the soil in the form of litterfall (FA) 
and TBCA: F s = TBCA + FA; solving for TBCA 
yields: TBCA = Fs- FA. 

Gower et al. ( 1996) criticized this approach 
because of the assumption that soil carbon pools are 
in a steady state. We are addressing this weakness 
using the approach of Giardina and Ryan (submitted) 
by estimating changes in soil, litter, and root carbon 
pools. Thus, annual TBCA will be estimated as: 

TBCA = F s-F A + (~Cs + ~CR + ~CL- ~CncwR) 

where F s = C02 efflux from soil, FA = aboveground 
litterfall, Cs = soil organic matter carbon pool, CR = 

root carbon pool ( post-1988), CL = 1 itter carbon pool, 
and CocWR = dead coarse woody root carbon pool (pre-
1988). 

+ RESULTS 

Preliminary data have been collected and 
analyzed for three sites that burned in 1988. These sites 
cover a range of tree densities (low, moderate, and 
high tree densities) and have herbaceous and shrub 
cover values that decline with increasing tree density. 
Total ANPP increased with increasing tree density in 
these three stands (Figure 1). In addition, as tree 
density increased, the proportion of ANPP 
contributed by herbaceous plants decreased. 
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Figure 1. Total ANPP for plots representing different stand 
structures in YNP. ANPP was determined using dimension 
analysis and traditional allometric techniques on 120 harvested 
saplings. 

C02 efflux varied with stand structure (P < 
0.01). Mean flux for the high-density stand was 0.57 
kg col m-2 yr-1, compared with 0.43 and 0.41 kg col 
m-1 yr-1 for the moderate and low density stands, 
respectively. col efflux decreased over time as soils 
dried (P < 0.01), from 0.65 kg C02 m-2 yr-1 on June 
28 to 0.22 kg C01 m-2 yr-1 on October 9. In general, 
col efflux was highest in the high density stand, 
intermediate in the moderate density stand, and 
lowest in the low density stand (Figure 2). 
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Figure 2. Mean C02 efflux values (kg C02 m-2 yr -t) for low, 
moderate and high density stands. 

Total litterfall increased with tree density, 
although no significant differences were seen in total 
litterfall rates (Figure 3). The percentage of litter in 
different components varied across sites, with needle 
litterfall more important in the high tree density 
stand; and grass, sedge, and forb litterfall more 
important in the low tree density stand. 
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Figure 3. Litterfall rates for plots representing different stand 
structures in YNP. Litterfall was 
collected in twelve 1 m2 traps for each stand (Bars indicate ± 1 S.E. 
for totallitterfall). 

+ DISCUSSION 

Our preliminary data indicate that differences 
do exist in total carbon allocation as a function of 
initial tree density following fire. ANPP, and the 
proportion of ANPP attributable to trees and herbs, 
differs in stands of different tree density. Moreover, 
significant differences in soil respiration in stands of 
different tree density, along with no significant 
differences in litterfall rates, indicate important 
differences in TBCA. The original TBCA methodology 
assumes a steady state in soil, root, and litter carbon 
pools, which we cannot assume in our rapidly 
aggrading stands. However, changes in these carbon 
pools are likely to be small over a 2-3 year period. 

We are continuing our research in YNP to 
further elucidate patterns in TBCA and ANPP as a 
function of post-fire stand structure. In addition, 
carbon storage and flux values will be estimated for 
mature lodgepole pine forests to determine how these 
values differ from the 12-yr-old stands that were 
initiated after the fires of 1988. 
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+ INTRODUCTION 

The importance of large, infrequent natural 
disturbances, particularly as they influence post
disturbance succession, is well recognized. The 
conceptualization of ecological systems and 
landscapes as mosaics of patches generated by 
disturbance emphasizes successional change, which 
in turn is a major component of ecologists' 
understanding of disturbance in a landscape context. 
However, paradigms of succession largely evolved 
for small-scale dynamics. Subsequently, these 
paradigms do not adequately predict the spatial 
variability that occurs within the perimeter of large, 
infrequent disturbances, nor do they adequately 
consider the effects of heterogeneity on recovery of the 
system Understanding the nature of the disturbance 
mosaic and the factors controlling landscape patterns 
are crucial for predicting ecosystem dynamics and 
vegetation development in disturbance-prone 
landscapes, and research that addresses these 
questions remains a priority. 

. Landscape heterogeneity following large, 
mfrequent fires is represented by a patchwork of 
burned and unburned vegetation as well as by a 
mosaic of bum severities (Turner et al. 1997, Romme 

et al. 1998), so that the mosaic of stand structure and 
function produced by fire is a legacy of the 
disturbance itself as well as that of the pre-fire forest. 
In this sense, large, infrequent fires are thought to 
impose a persistent influence on landscape pattern. 
Landscape pattern has large implications for 
biodiversity, determines the connectivity of habitat, 
affects the spread of disturbances such as insect 
outbreaks, and may influence the initiation and 
spread of small, frequent surface frres by affecting 
the spatial distribution of fuels. Similarly, spatial 
heterogeneity in stand structure that exists across a 
landscape may influence the propagation of crown 
fires (Van Wagner 1977, Turner and Romme 1994). 
Clearly, understanding the changes that occur in 
landscape pattern provides the key to understanding the 
dynamics of many ecological processes. 

Our study examines the natural changes that 
occur in landscape pattern with succession in 
Yellowstone National Park (YNP) between large, 
infrequent wildfrres. The 1988 fires in YNP created 
a mosaic of bum severities that produced tremendous 
variation in density of lodgepole pine (Pinus contorta 
var. latifolia) seedlings across the landscape (Turner 
et al. 1994). Because the Yellowstone mosaic of 
post-fire seedling densities varies from high-density 



stands (>50,000 trees/ha), which will inevitably be 
subject to self-thinning, to low-density stands ( <500 
stems/ha) which have the potential to be colonized by 
seed sources from outside the post-fire stand {Turner 
et al. 1997), tree density in initially dissimilar stands 
may potentially converge with time, thereby affecting 
landscape pattern. Although investigators have 
speculated that the post-fire mosaic of initial 
successional pathways will persist until the next 
large, infrequent fire {Anderson and Romme 1991, 
Ellis et al. 1994, Wallin et al. 1994, Turner et al. 
1997), little data exists to quantify the degree of 
persistence of this landscape legacy. 

In the summer of 2000, we initiated a study 
of the long-term development of the individual 
patches (forest stands) that constitute the mosaic in 
order to understand the degree to which a major 
disturbance will determine landscape pattern over the 
long term. The data collected during that period 
continues to be analyzed and incorporated into 
modeling efforts and will be supplemented with 
additional field data collected during the summer of 
2001 . Our study addresses two major questions in 
the context of a disturbance-driven forest landscape: 
i) Do the initial differences in stand density that exist 
immediately after stand-replacing fires converge with 
stand development, and what are the rates and 
mechanisms of this convergence?; and ii) Based upon 
empirical data of stand dynamics for YNP, how is the 
spatial arrangement of stands of differing structural 
characteristics likely to change before the next large, 
infrequent disturbance? 

+ STUDY AREA 

Research sites for this study are located on the 
high, forested, subalpine plateaus of Yellowstone 
National Park in northwestern Wyoming. 
Approximately 80% of the plateaus are dominated by 
lodgepole pine, although subalpine frr (Abies 
lasiocarpa) and Englemann spruce (Picea 
engelmannii) are co-dominants on fertile sites. The 
1988 YNP frres affected about 45% of this area, or 
about 250,000 ha. The climate is cool with moist 
springs and dry summers. Moisture increases with 
elevation, which ranges in the park from 
approximately 6,400 to 10,000 feet, although most of 
the subalpine plateaus range from about 7,200 to 
8,700 feet. Nearly two-thirds of the park includes 
dry, infertile soils derived from rhyolite, and the 
remainder includes more mesic and fertile andesites and 
lake-bottom substrates. Variation in site productivity 
is generally very low within each of these soil types. 
Thus far, stands were sampled on flat topography on 
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infertile substrates (rhyolites) at elevations between 
7,200 and 8,500 feet. Stands located on fertile 
substrates (andesites) will be sampled in the summer 
of2001. 

As is the case in many of the forested 
ecosystems of the Rocky Mountains, fire has played a 
dominant role in influencing the flora, fauna, 
ecological processes, and landscape patterns of YNP. 
Although the extent and severity of the 1988 YNP 
frres were the largest since the early 1700s, these 
fires probably represent a major natural disturbance 
event that occurs at intervals of I 00 to 300 years in 
this landscape (Romme and Despain 1989). During 
the interval between these large, infrequent fires, 
small fires (usually 1-3000 ha) frequently bum the 
YNP landscape {Turner et al. 1994). There were 23 5 
of such fires that burned in the park between 1972 
and 1987 following a period of fire suppression that 
occurred since the early 20th century. As a result of 
this fire regime, YNP contains a mosaic of young 
seedling stands created by the 1988 frres as well as a 
mosaic of stand ages ranging from 25 to 450 years 
old. 

+ METHODS 

Field methods and sampling designs used in 
the 2000 field season were tested as part of a pilot 
study conducted in YNP during the summer of 1999. 
Stands at least 5-ha in size were sampled using one 
10 x 50-m plot per stand. Plots containing fewer than 
100 live lodgepole pines were extended in length 
until they contained a suitable number of trees for 
sampling. Four discrete stand age classes (50-100 
years, 125-175 years, 200-250 years, and 300-350 
years) were sampled using a stratified random 
sampling design, including a minimum of eight 
stands representing the range of stand density (as 
determined from aerial photographs and field 
reconnaissance) in each age class. A total of 33 
stands were sampled during the summer of 2000. 
The location and average elevation of each stand was 
determined using a Global Positioning System (GPS) 
at the center point of the plot. 

For all stands, the diameter at breast height 
(DBH) and X-Y coordinates of all live and dead trees 
>2.5 em was determined within the 10 x 50-m grid. 
An increment core was extracted from each tree 30cm 
from ground level for use in age determination and 
the construction of stand age structures. Approximately 
8,300 increment cores were collected during the 
summer of 2000 and are currently being processed 
and analyzed. An estimate of the number of years 
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required to reach core height was made by 
constructing regression equations with seeding height 
and age. Stand density was compared between age 
classes and its variability examined within age 
classes. Variation in age structure will be examined 
by comparing age class distributions between stands. 
Conditions of past stand density and rates of stand 
development will be interpreted using analyses of 
annual ring width patterns. Annual ring widths of 
live and dead boles are currently being measured 
using the software package WinDENDRO, and a 
master chronology and cross dating will be 
determined using the COFECHA cross-dating 
program (Holmes 1983). 

Modeling techniques that integrate our field 
data are being used to address our second study 
objective. To simulate landscape change through 
time, a heuristic, spatially-explicit, cell-based model 
was constructed within a GIS environment, where a 
series of mapped data layers, each containing values 
of a separate parameter, are used to estimate the 
characteristics of stand structure in each cell. Rules 
for the model were constructed using parameters 
estimated from empirical data (threshold density for 
self-thinning or colonization, self-thinning 
trajectories, and the rate of increasing stand density) 
or from published values (effective seed dispersal 
distance, age of sexual maturity, and probability of 
establishment). Variables include distance to seed
producing green edge, serotiny condition, and post
fire seedling density. Landscape pattern analyses 
were performed using the program FRAGSTATS. 
Analyses were completed at ages that correspond to 
the midpoint of the age classes used in field studies 
(75 years, 150 years, 225 years, and 300 years). 

+ RESULTS AND DISCUSSION 

If stand density is variable across the 
landscape for a particular stand age, then relative 
differences in initial post-fire stand density were 
likely maintained as the stands matured and 
developed. Stands having persistent relative densities 
may also be expected to have similar age class 
distributions, reflecting episodic establishment 
immediately after fire. In contrast, low variability of 
density at a particular stand age and dissimilar age 
class distributions would provide evidence for 
convergence of stand density, since different stands 
would have attained similar densities through 
different mechanisms (self-thinning vs. colonization). 

We hypothesized that similar structures in 
lodgepole pine stands may result from stands that 

were initially dissimilar in structure (i.e., 
convergence). Our initial analyses of field data 
suggest that although great variation in initial stand 
density exists following the 1988 fires, consequent 
variation in stand development likely reduces initial 
relative differences in stand density and promotes 
convergence toward a common density across the 
landscape. Variation in stand density within an age 
class appears to decrease with stand age (p=0.003), 
likely due to mechanisms such as self-thinning in 
initially dense stands and, to a lesser extent, 
continuous seedling establishment in initially sparse 
stands. Evidence for convergence towards a common 
density across the landscape i s further supported by 
the similarity of density and structure in old-growth 
(>300 years) lodgepole pine stands in YNP. Ongoing 
analysis of age structures and the spatial patterns of 
tree age within stands of similar structure are likely to 
reveal much about the development and convergence 
of lodgepole pine stand structure. 

Self-thinning appears to occur in stands with 
density greater than 1 000 stems/ha and occurs at a 
rate strongly linked to the initial density of post-fire 
stands. Initially dense stands will likely begin to 
experience density-dependant mortality at an earlier 
age and at a quicker rate than sparser stands. Based 
upon field observations, we observed no self-thinning 
even in very dense stands (>80,000 stems/ha) that 
originated following the 1988 fires, suggesting that 
self-thinning is initiated no sooner than 12-15 years. 
Notably, one mature stand (stand age = 100 years) 
with high density (10,640 stems/ha) exhibited no sign 
of self-thinning, suggesting that rates of stand 
convergence may initially be very slow. 

Because seedling regeneration at densities 
<1000 stems/ha are relatively uncommon following 
fire in YNP (as evidenced by the relative rarity of 
sparse stands following the 1988 YNP fires), stands 
characterized by self-thinning are mu~h more 
common than those characterized by continuous 
seedling establishment or colonization. The specific 
conditions required (close proximity to unburned 
stands with a low percent serotiny) and narrow 
window available (likely the first 50-75 years 
following fire) for colonization to occur may also 
contribute to the relative infrequency of this type of 
stand development across the YNP landscape. Based 
on these specific conditions, the density of isolated, 
sparse or extremely sparse stands may persist until 
the next large, infrequent fire. 

Regarding our second study question, our 
initial simulation studies suggest that development of 
stands though self-thinning and changes in the 



landscape pattern that is created following large, 
infrequent disturbances. We hypothesized that convergence 
in stand density would lead to a decrease in landscape 
heterogeneity with time since disturbance. Landscape 
change occurs mainly as a decrease in the variation of 
stand density and subsequent increase in dominance 
of those patch types representing low deviation from 
median density. A decrease in the number of patches 
and an increase in mean patch size and edge density 
with time suggests the coalescence of dissimilar 
patches with age. We also noted an increase in 
evenness across the landscape, suggesting 
convergence towards a few common patch types; 
however, contagion decreased with time, suggesting 
that these patches are well interspersed. The 
landscape therefore becomes less heterogeneous in 
terms of patch diversity, but not necessarily in terms 
of ''patchiness" or contagion. In this sense, landscape 
legacies following large fires generally do not persist. 
Further simulation studies supported by additional 
field data, together with repetition of our simulations 
using neutral modeling techniques to create variable 
spatial configurations of patch types, will provide 
further information about landscape pattern change 
that occurs as a result of stand development 
following large fires. 

+ CONCLUSIONS 

Dynamics of post-fire landscape pattern 
depend on magnitudes and rates of change in stand 
structure, the relative proportions of stand density 
across the landscape, and likely the initial spatial 
arrangement of patches produced by the disturbance. 
Since stand development alters the density and 
structure of stands until they are replaced by the next 
fire, the spatial pattern within the perimeter of a large 
fire may change greatly with time, thus reducing the 
importance of landscape legacies with time since 
disturbance. Landscape pattern is also 
influenced by other factors not yet included in our 
simulation model, such as small, frequent fires that 
occur during the 350-year "fire-free" interval and the 
drastic changes that occur in stand structure due to 
mountain pine beetle infestations. The field data 
collected thus far has proven useful in understanding 
the ecological relationships that occur with stand 
development following fire in YNP and in initiating a 
simulation model to describe them. 
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+ INTRODUCTION 

Many scientists predict that due to the quick 
response of fire regimes to changes in climate 
(Flannigan et al. 1998; Stocks et al. 1998), the most 
rapid and extensive effects of climate change will be 
mediated by altered disturbance regimes (Davis and 
Botkin 1985; Franklin et al. 1992; Graham et al. 
1990; Weber and Flannigan 1997). Under climate 
scenarios expected for C02 doubling, Price and Rind 
(1994) predict a 44% increase in lightning-caused 
fires and a 78% increase in total area burned for the 
U.S .. Although regional climate scenarios are still 
subject to a fairly high degree of uncertainty, regional 
predictions for Yellowstone National Park (YNP) 
estimate an increase in aridity (Balling et al. 1992) 
and mean July temperatures (Bartlein et al. 1997), 
suggesting that fire frequencies could significantly 
increase in YNP over the next century. 

While several models have simulated the 
response of western coniferous forests to altered fire 
regimes (Baker et al. 1991; Gardner et al. 1996; 
Keane et al. 1990; Keane et al. 1995; Romme and 
Turner 1991 ), little empirical work on the 
successional responses to different intervals of stand
replacing fire has been incorporated, and remains a 
critical element in predicting the effects of 
climatically altered disturbance regimes in forested 
landscapes. Previous work in Yellowstone has 
considered the effects of fire severity, fire size and 
level of serotiny in explaining initial pathways of 
postfrre succession across the Yellowstone landscape 

(Turner et al. 1994; Turner et al. 1997). The effects of 
the third component of the disturbance regime, frre 
interval, remains largely unexplored, and represents a 
fundamental link in predicting potential effects of 
climate change on the Yellowstone landscape. 

The specific objectives of our research, 
therefore, were to assess: Are there a significantly 
different successional responses . following 
different intervals of stand-replacing fire in 
Yellowstone National Park? Because serotiny 
exerts a strong influence on initial post-fire 
succession in Yellowstone (characterized by 
variation in lodgepole pine densities), we also sought 
to track stand-level changes in serotiny over time. In 
order to flesh out a possible mechanism for why 
postfrre succession may vary depending upon the age 
at which the stand burns we asked: What is the 
temporal variation in lodgepole pine serotiny 
within the park? 

+ METHODS 

Yellowstone provides an excellent 
laboratory for examining the effects of frre regimes 
on successional patterns. The large-scale fires of 
1988 coupled with park records of historical frres, 
allowed us to compare sites that all burned in 1988, 
but vary in terms of when they burned prior to 1988, 
providing a useful sampling design for testing the 
effects of fire interval on initial post-fire succession. 
Using historical fire maps and park-wide aerial 
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photos (I :30000), we mapped overlays of historic 
ftres with the 1988 ftres onto topographic maps 
(I :24000), to identify and delineate plots of known 
ftre interval. Next to each plot of known ftre interval, 
we sampled an adjacent plot of unknown ftre interval, 
where the ftre previous to 1988 occurred earlier than 
park records, allowing us to extend the range of fire 
intervals sampled beyond that covered by park 
records. We cored 6 of the largest trees in each plot 
to confirm or estimate the length of the fire interval. 
Pairing plots allowed us to reduced environmental 
variation across plots, to better reveal the effect of 
ftre interval on successional patterns. 

In each plot, we recorded sapling densities 
by species in four 2m x 50m belt transects. We also 
sampled the diversity and abundance of understory 
species (shrubs, forbs, grasses) by estimating percent 
cover by species within forty 114m2 quadrats along 
the four transects. Adjacent to these fire interval 
plots, yet outside the 1988 burn perimeter, we 
sampled percent serotiny in unburned stands that 
originated from the fire previous to the I988 fire, to 
estimate percent serotiny present in the fire interval 
plots when burned in 1988. Location ofthese serotiny 
plots was also based on the mapping process 
described above, with ages confrrmed by coring. 
Percent serotiny was estimated in these adjacent 
unburned areas, by scoring 20 trees within each of 
three I Om radius circles for the presence of 
serotinous cones (see {Tinker et al. I994 for details). 
We sampled a total of 50 fire interval plots (25 pairs) 
for sapling densities, and 50 unburned plots to 
estimate stand-level percent serotiny and to chart how 
this varies with stand age. 

+ RESULTS AND DISCUSSION 

Postfrre successional patterns on the high, 
infertile subalpine plateaus in Yellowstone are 
largely characterized by variation in lodgepole pine 
(PICO) densities. We found significant differences 
in lodgepole pine densities between paired frre 
interval plots (paried t-test, p-value = 0.009). When 

· we unpaired the data, we also found significant 
differences among plots grouped by frre interval, 
with very short intervals (7-50 yrs) resulting in the 
lowest densities, and moderate fire intervals ( 51-160 
years) resulting in the highest mean densities of all 
three groups (Figure I), suggesting nonlinear 
successional responses across the broad range of frre 
intervals sampled (7-395 years). 
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Figure I . Differences in Lodgepole pine densities (LOGPICO) 
following different intervals between stand replacing 
fires . Fire Intervals : Short : 7-50 yrs, n= 20; Medium: 
51-160 yrs, n= 15; Long: 161-395 yrs, n = 15. 

Levels of serotiny within the pre-frre stand 
have been shown to be significant in predicting post
fire lodgepole seedling densities in Yellowstone 
(Turner et al I997). Serotiny is a variable condition 
in inland lodgepoie pines (Pinus contorta var. 
latifolia), which dominate the subalpine plateau of 
YNP. Serotinous individuals produce cones that 
remain closed at maturity, and only when heated by 
frre do the cones open, releasing numerous seeds onto 
newly exposed mineral soil. Although serotiny is 
known to vary spatially across the Yellowstone 
landscape, our research reveals that in areas where 
serotiny is present, significant differences in percent 
serotiny are correlated with stand age (Figure 2). 
Such temporal variation in serotiny strongly 
influences postfrre lodgepole pine densities following 
frres of different interval. 
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Figure 2. Differences in percent serotiny between paired unburned 
stands. Lines connect levels of serotiny between two stand of 
different age at one geographic location. Solid lines connect 12 
paired sites that exhibited increased serotiny with stand age. 
Dashed lines represent 4 paired sites that exhibited decreased 
serotiny with stand age. 9 sites exhibited no change in serotiny (<4 
percentage points difference in serotiny). 

Total cover and species richness for 
understory species showed no significant differences 
between paired plots or across the range of fire 
intervals sampled, however, some individual groups 
or particular species exhibited significant trends. For 
example, shrubs were significantly higher following 



long fire intervals, while forbs and grasses showed no 
trend. Vaccinium sp. and H eiracium sp., which are 
common in the understories of mature lodgepole pine 
forests, also increased significantly with fire interval. 
Opportunistic species such as Gayophytum diffusum, 
however, were highest following the short interval 
burns. 

+ SUMMARY AND FURTHER WORK 

Overall, our results indicate that the pattern 
of initial succession in Yellowstone National Park is 
contingent on variation in both the spatial and 
temporal patterns of fire regimes. Serotiny strongly 
influences successional responses to fire interval and 
may in fact have been shaped by the spatial and 
temporal character of past fire regimes. We are 
currently trying to link fire history to patterns of 
serotiny in the park. 

Although we cannot predict how climate 
will change in Yellowstone over the next century, 
understanding successional responses to a range of 
fire intervals will provide a framework for 
understanding how the system may respond to 
potential alterations in the temporal component of the 
disturbance regime. Based on the empirical work 
described here, we plan to address this question in 
detail within a modeling environment. 
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+ INTRODUCTION 

The 1988 Yellowstone fires created a 
strikingly heterogeneous pattern of severely burned, 
lightly burned, and unburned forests across a large 
portion of Yellowstone's subalpine plateau (Turner et 
al. 1994). Equally striking has been the variation in 
post-fire tree seedling density throughout the burned 
forests (Table 1). In 1999 we initiated a 3-year study 
of post-fire succession, with three principal 
objectives: 

(1) to document the variation in post-fire tree 
sapling density and to map the spatial 
patterns of sapling density 

(2) to explain the causes of the variation in post
fire sapling density 

GIS environment (based on the hypotheses) and 
comparing the patterns generated by the predicted 
map with actual patterns documented in our empirical 
map produced from the aerial photos. The three 
hypotheses about causes of pattern were derived from 
our previous work (Turner et al. 1997) which showed 
that residual vegetation that survived the fire was the 
principal source of biotic cover in the first decade 
after fire. The most important biotic residual for tree 
establishment was lodgepole pine seeds that survived 
in the burned canopy, especially within 

Table 1. Comparison of three areas (large patches described i n 
Turner et al. 1997) exhibiting different initial successional 
pathways following the 1988 Yellowstone fires. All three areas 
were forested at the time of the fires. Data are from 1996 in areas 
of crown fire. ''Nonforest" refers to areas that were forested at the 
time of the fires. 

(3) to explore the consequences of variable 
post-fire sapling density for ecosystem 
processes, specifically aboveground net 
primary productivity (ANPP) and leaf area 
index (LAI). 

Pine Mean# 

We addressed the first objective by obtaining 
new, high-resolution aerial photographs of the entire 
park, sampling a number ground-truth points, and 
generating a map of sapling density within all of the 
areas that burned in 1988. For the second objective, 
we will test three hypotheses a bout causes o f p attern 
by generating a predicted map of sapling density in a 

Geographic 
location 
Cougar 
Creek 

Fern 
Cascades 

Yellowstone 
Lake 

seedling 
density 

Initial (mean 
successional stems 

pathway ha·1 ) 

High-density 43,000 
lodgepole 

pine 

Low-density 4,700 
lodgepole 

pine 

Nonforest 14 

Mean vascular 
cover plant 

of trees Mean cover species 
+ offotbs + in 1o-rrr 

sluubs grarninoids plots 
32% 7% 10 

6% 19% 10 

2% 40% 16 
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serotinous cones (Tinker et al. 1994). The three 
hypotheses that we will test in this second 
objective are: 

(a) Where pre-fire serotiny was high, high-density 
stands have developed after the fires. Fire 
size and severity make little difference in 
this situation. 

(b) Where pre-fire serotiny was low, fire severity 
largely d eterrnines post-fire sapling density. 
Moderate-density stands have developed in 
areas of severe surface fire, while low
density stands have developed in areas of 
crown fire (because of greater seed mortality 
in crown fires). 

(c) Where pre-fire serotiny was zero, patch size 
largely d eterrnines post-fire sapling density. 
Low-density stands have developed in small 
burn patches (because of seed dispersal from 
adjacent unburned areas), while "non-forest" 
stands have developed in large bum patches. 
By "non-forest," we mean stands that were 
forested before the fire but that now have < 
100 saplings I ha. 

For the third objective, we focused on ANPP 
and LAI, because these are indicators of overall 
ecosystem function. ANPP is highly correlated with 
total energy flow in the system, and provides the base 
of the food web. LAI is strongly correlated with 
primary productivity and transpiration rate. 

In addition to the three main objectives 
described above, in 2000 we planned to re-sample all 
of the permanent plots that we established in 1990 
throughout the areas burned in 1988. We have 
sampled these plots in 1990, 1991, 1992, 1993, 1996, 
and now again in 2000. The objective of this 
sampling is to document long-term plant recovery in 
relation to fire size, severity, and geographic location 
(Turner et al. 1997). 

+ METHODS 

For the first objective, we obtained new 
GPS-controlled aerial photos (1 :30,000 color 
infrared) of the entire Park in August, 1998. During 
the winter, we processed the photos to create a 
preliminary map of sapling density. During the 1999 
field season we tested the predictions of the 
preliminary map in 88 stands distributed throughout the 
areas burned in 1988. In each of the 88 stands (each ca. 
1 ha in extent), we measured sapling density in a belt 

transect, and also collected data for the third 
objective (below). We were not entirely satisfied 
with the correspondence between predicted sapling 
densities based on the map and the actual densities 
measured in the field. Therefore, we developed a 
new map of sapling density using an objective 
supervised classification of the imagery, with the 88 
stands described above serving as training sites 
(described in Results below). This new map was 
tested by means of 50 independent field samples 
collected in the 2000 field season. 

For the second objective, we plan to predict 
sapling density in a large number of locations, based 
on our GIS coverages of % serotiny, elevation, and 
1988 burn patterns. We will then compare these 
predictions with actual sapling density as revealed by 
our final map derived from the aerial photos. 

For the third objective, we harvested 
lodgepole pine saplings in five stands and determined 
ANPP and LAI using techniques of dimension 
analysis (Reed et al. 1999). From these samples we 
developed regression equations to predict ANPP and 
LAI from sapling basal diameter and height. We also 
developed regressions between % cover (based on 
visual estimates) and ANPP and LAI for herbaceous 
species. Using these regressions we estimated total 
ANPP and LAI in all 88 stands sampled for 
developing the aerial photo interpretation (described 
above). Finally, we scaled up to the entire landscape 
by predicting ANPP and LAI in all burned patches on 
the basis of our measured relationship between 
sapling density and total stand ANPP and LAI. 

We re-sarnpled the permanent plots using 
methods described in Turner et al. (1997). 

+ RESULTS 

The preliminary map, based on visual 
interpretation of the aerial photos, was useful in 
identifying areas for field sampling. However, it 
failed to capture the degree of complexity that 
actually existed on the ground. Our field 
measurements revealed that post-fires apling density 
ranged from< 10 to > 500,000 sterns/ha- some six 
orders of magnitude! Sapling density may vary 10 to 
100-fold over distances of only hundreds of meters. 

We have just completed the development of 
a new sapling density map using supervised 
classification of the imagery. A test of predicted 



density against actual density measured in the field in 
50 stands resulted in 7 6% accuracy; which is 
generally regarded as quite adequate for a remotely 
sensed map of this kind. 

The testing of hypothesized causes of the 
observed variation in sapling density (objective #2) 
has not yet been completed, because of delay in 
completing the fmal density map (objective #1). Now 
that we have a satisfactory sapling density map, we 
will test the hypotheses in objective #2 within the 
near future. 

For the third objective, we found that total 
ANPP was closely related to sapling density (positive 
correlation), but that herbaceous productivity 
declined with sapling density: 78% of the total ANPP 
was herbaceous in the stands with 1000 stems/ha or 
less, but o n1y 5 -16% was herbaceous in stands with 
>25,000 stems/ha. The ratio of herbaceous to tree 
ANPP varied over four orders of magnitude. 
Additional analyses are in progress. 

We re-sampled nearly all of our permanent 
plots, and analysis of the data is in progress. We 
were unable to access one of our remote study areas 
on the Two Ocean Plateau (Lake Large patch) 
because of logistical difficulties, but we hope to 
return to this area in 2001 to complete the sampling. 

+ DISCUSSION 

The 1988 Yellowstone fires created a 
remarkably heterogeneous landscape. Post-fire 
sapling density varies over s ix orders o f magnitude, 
and exhibits a very fme-grained pattern. Highest 
density is found in areas where pre-fire serotiny was 
high, and lowest density is found in large burned 
patches where none of the trees that burned had 
serotinous cones. To date, little thinning of the pine 
saplings that germinated after 1988 has taken place, even 
in very dense stands. 

Parameters of ecosystem function, viz. 
ANPP and LAI, are strongly correlated with post-fire 
sapling density. Overall, recovery of ecosystem 
function (as measured by A NPP and L AI) has b een 
very rapid (Romme and Turner, in review). Indeed, 
ANPP and LAI in high-density stands are within or 
nearly within the range reported for mature pine 
forests Reed et al. (1999). 
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This research on spatial variation in pine 
sapling density and resulting variation in ANPP and 
LAI after the 1988 fires, has laid the groundwork for 
more general studies of spatial heterogeneity in 
ecosystem processes. The Yellowstone landscape 
provides a unique opportunity to combine the 
perspectives and questions of ecosystem ecology and 
landscape ecology within a largely untrammeled 
setting. In December, 2000, we were awarded a 5-year 
grant from the Mellon Foundation to continue our 
research on spatial and temporal variation in post-fire 
succession, primary productivity, nitrogen dynamics, 
and the role of coarse woody debris in ecosystem 
processes. We plan to conduct this new round of 
research through the UW -NPS Research Center, 
which provides ideal support for long-term studies of 
this kind. 
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