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HOLOCENE vegetation AND HISTORIC GRAZING
IMPACTS AT CAPITOL REEF NATIONAL PARK

reconstructed USING PACKRAT MIDDENS

kenneth L colel norman Henderson2 and david S shafer3shafert

ABSTRACT mid to late holocene vegetation change from a remote high desert site was reconstructed using plant
microfossilsmacrofossilsmacro fossils and pollen from 9 packratpankrat middensbiddens ranging from 0 to 5400 yr inin age presettlement middensbiddens consistently
contained abundant macrofossilsmicrofossilsmacro fossils of plant species palatable to large herbivoresherbivores that are now absent or reduced such as
winterfatwinter fat ceratoidesCeratoides lanata and ricriericegrassncegrassncegrass stipa hymenoideshymenoides microfossilsmacrofossilsMacro fossils and pollen ofofpmyonpinyon pine pinus adulisedulisedulis sage-
brush artemisia sppapp and roundleafround leaf buffaloberrybuffaloberry shepherdia rotundirotundifoliarotundifolidfoliafoila were also recently reduced to their lowest
levels for the 5400 yr record conversely species typical of overgrazedovergrazed range such as snakeweed gutierrezbagutierreziaGutierrezia sarothraesarothrae
viscid rabbitbrushrabbitbrush chrysothamnus visidiflorusvistdiflorus and russian thistle salsola sp were not recorded prior to the historic
introduction of grazing animals pollen of utah juniper juniperus osteosperma also increased during the last 200 yr
these records demonstrate that the most severe vegetation changes of the last 5400 yr occurred during the past 200 yr
the nature and timing of these changes suggest that they were primarily caused by 19th century open land sheep and
cattle ranching the reduction ofofpmyonpinyon and sagebrush concurrentconcunent with otherothel grazing impacts suggests that effects of cat-
tle grazing at modern stocking levels may be a pooipoor analog for the effects of intense sheep grazing during drought

key words holocene vegetation history grazing impacts pankratpackrat biddensmiddensmid dens fossil pollen presettlement vegetation

STUDY AREA

this purpose of this study was to produce a
holocene vegetation history of capitol reef
national park reconstructing past changes in
vegetation and relating those changes to their
most probable causes packratpankrat midden chronol-
ogies were developed from several sites cole
1992 but only the most complete series from
a single site collected from the hartnet draw
site is reported here seven fossil and 2 modemmodern
middensbiddens were collected from hartnet draw in
northern capitol reef national park 3815n
I1IHWWI1 120w fig 1 this site at 1920 m elevation
in wayne county utah was chosen because
of its remote location free from most anthro-
pogenic disturbances other than grazing and
the abundant fossil packratpankrat middensbiddensmiddens

the site is underlain by the salt creek mem-
ber of the morrison formation which forms
many overhangs protecting the fossil packratpankrat
middensbiddens fig 2aaa today the most abundant
plant species are utah juniper juniperus osoteoosteo
spennaspspermdspermaaspennasperennamd bigelow sagebrush artemisia biglovbigloviiii
big sagebrush A tritrlfridentata snakeweed guticutiguticuti
errezia sarothraesarothrae torrey ephedra ephedra

torreyanatorreyana viscid rabbitbrushrabbitbrush chrysothamnus
visidiflorus and central pricklypricklypearpricldypearpear opuntia
polyacanthapoly acantha table 1 low areas with thicker
soil support a sparse growth of grasses rice
grass stipa hymenoideshymenoides sand dropseed sporo-
bolus cryptandruscryptandrus and blue grama bouteloua
gracilis plant taxonomy follows welsh et al
1987

mean annual precipitation at the site is close
to the 18 cm yr 1 recorded at fruita 15 km to
the southwest at 1670 m elevation heil et al
1993 precipitation is bi seasonal with winter
and late summer peaks temperature extremes
are great at this aridandarld continental site a mean
january minimum temperature at fruita of
8cac and a mean july maximum ofof33c33c

GRAZINGCRAZING HISTORY historical records men-
tion no disturbances to this area other than the
introduction of exotic herbivoresherb ivores during the
mid 19th century native large herbivoresherb ivores that
may have been present in the study area dur-
ing the last 5000 yr include bighorn sheep
ovis canadensis mule deer odocoileus hemi-

onus pronghorn antilocapra americanaanzericanaanzericana and
possibly bison bison bison and elk cervus
elaphusclaphus van gelder 1928 mead et al 1991

lusius geological survey MNCPSU 115 green hall department of forestfoiest resourceresources university of minnesota st paul MN 55108 presentpiesentaddiessaddress Coloiacoloradoclo
plateau field station USGS BRD box 5614 northernNoinol thein arizona university flagstaff AZ 86011

2nationalrational park selvleeservice glen canyon national recreation areaalea box 1507 page AZ 86040
dofficesqffice3office of environmental restoration US department of energy richland operations office box 550 MS s7sa 54 richland WA 99352
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fig 1 map showing site location

native north american equidsequils horses and
asses became extinct before 10000 yr BYB P
mead and meltzer 1984 eurasian horses

and asses equus sppapp were introduced to
new mexico by spanish colonists as early as
ADA D 1598 underhillunderbill 1971 by the late 1600s
feral horses were reported inin parts of the
west but it isis not likely that they existed inin
the study area prior to the 1800s

in the late 1800s introduced herbivore popu-
lations increased dramatically inin southern utah
with the widespread increase inin open land graz-
ing livestock grazing within and near capitol
reef national park has been documented since
at least the 1870s frye 1995 the earliest
detailed herbivore population estimates from
the capitol reef area are from summer graz-
ing permits issued for powell now part of
dixie national forest frye 1995 in 1909
the forest service issued permits for 67000
sheep and 11000 cattle the animals grazing
these high summer pastures presumably spent
the winter inin the lower adjacent areas of capi-
tol reef national park

A bureau of land management survey de-
scribed past use at the hartnet draw site

prior to the passage of the taylor grazing act inin
1934 large numbers of livestock were brought
from wayne sevier and emery counties to winwin-
ter on these lands many of the animals remained
on the range yearlong resulting inin the progressive
destruction of soils and vegetation reports from
stockmenstocklenstockmen inin the area indicate that many trespass
horses used the area until about 1955 prior to
1946 there were at least 163 cattle and 20 horses
yearlong inin this area hartnet allotment file 1966

currently the area is grazed under an allot-
ment issued by capitol reef national park

reconstructing PAST vegetation fossil
pankratpackrat middensbiddens are valuable sources of pale
oecologicaloncological information in andaridanidannd regions of the
southwestern united states betancourt et al
1990 cole 1990 plant fossils in packratpankrat mid
dens often identifiable to the species level
grew close to the midden most likely within
50 m because plant identification and loca-
tion can be precisely known this method has
extremely high spatial and taxonomic resolution
compared to other methods of reconstructing
past vegetation

studies comparing trees and shrubs at mid-
den sites with plant specimens from modern
middensbiddens typically report similarities exceeding
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fig 2 A photograph of hartnet draw study site showing shelter where middensbiddens s 1 4 were collected B recon-
structedstrucstrue ted image of study site with presettlement vegetation as visualized from fossil data
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TABLETABLL 1 plant macrofossilmicrofossilmacrofossil concentrations from hartnet draw middensbiddens inin logo1090 concentrationkgconcentration kg of washed matrix
modemmodern percent cover classes are estimated from a releverelev6deleve ofof3030 m radius coverage classes 3 3 cover 2 1 3

cover I11 1 cover R rare located outside of releverelev6deleve

midden 3 2 8 la ab7b 9 5 6
midden age yr BPB P 0 330 630 1020 1275 2570 3615 5450

modern releverelev6deleve
cover class logology concentrationkgconcentration kg of washedofwashed matrix

treksTRLLStreet SHRUBS AND succulentsSU CULENTS

artemisia sec tridenttridentataetndentataeatae 3 09 18 28 28 18 13 20
atriplex sppapp 2 28 33 30 43 31 32 28 41
Bricbrickelliabnckelliakellia scabiascabra 2 13
chrysothamnus sp 2 16
dowaniacowania mexicansmexicanamexicana 2 20 19 19 26 31 25 29 12
ephedra sppapp 2 17 05 31 13 23
ceratoidesCeratoides lanata 20 17 36 24 25 23 30
gutierrezbagutierreziaGutierrezia sarothraesarothrae 3 20 13
heterothecaHetero theca sp 1 09 18
hymenopappushyrnenopappus 1 19
juniperusJumperus osteosperma 3 34 39 38 43 43 43 40 41
machaeranthera grindeliodesgrindeliodes 1 04
opuntia polyacanthapolyacantha 2 31 37 31 43 42 35 39 39
pediocactuslechinocereuspediocactusechinocereus 1 11 14 21 24 21
pinusfinus eduliseduhseduis R 20 28 47 26 41 30 20
salsola sp 1 13
sarcobatus sp R 10
shepherdiaShepherdw rotundifoliarotundifolia 1 25 18 30
yucca angustissimaangu&tissima R 10 19

herbsHLRBS ANDAM GRASSESGRASSLS

cf amaranthus sp 23 17 19 16 16
astragalus mollissimusmollis simus 1 09
aristida purpurpurpureapurpureanea 2
bouteloua gracigraciasgracihsgracifishisfis 3 17 14 22
chryptantha sppapp 3 08 05 13 12
descuraniadescurama pinnatepinnata 3
eriogonum sp 10 18
EnoErioerloetloenoneuronerioneuronneuron pulchellumpulc hellum 1

euphorbia sp 1 17 17
hilaria sp 13
hymenoxys acaulisacauhs 1

lappula occidentoccidentalisoccidentalistalis 1 04 09 08 18
lepidium densiflorum 1 18 05 13 23
peanut shell 09
phacelia 13
plantago 09 14
sphaeralcea coccineacoccineacoccineacinea 1 13 12 22 25
sporobolissporobohssporobolus sppapp 3 09 13
stipa hymenoideshymenoides 3 15 17 16 13 28 19 17
stipa sp 13 12
streptanthella longirolongirostrislongirostnsstoisstrisstols 1

80 using a Sorensorensenserss index of similarity cole
1985 cole and webb 1985 spauldingSpauldmg et al
1990 frase and sera 1993 especially when
small microfossilsmacrofossilsmacrofossils 2 mm are identified using
a lox microscope similarity with forbs and
grasses has been reported to be lower frase
and sera 1993 but inventories of current forbs
are usually incomplete due to seasonal and
yearly variability inin the forb flora and identifiidentify

cation of diverse forbs and grasses within mid-
den assemblages is very challenging

the quantitative correlation between species
abundance and midden specimens is complex
spaulding et al 1990 plant species produc-

ing abundant readily identifiable plant parts
eg atriplex leaves or pankratpackrat food items
eg juniper or plants having deterrence val-

ues in protecting packratspankratspackrats from predators eg
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cactus spines tend to occur in the highest
numbers within middensbiddensmiddens but perennial species
that are abundant near middensbiddens are most often
represented by high numbers of plant speci-
mens while less abundant species or those fur-
ther from middensbiddensmiddens are represented by fewer
specimens As a result interpreting changes
from midden assemblages requires experience
with macrofossilmicrofossilmacrofossil types leaves twigs flowers
seeds and abundances typically found for that
species this element of judgment is present
in any retrospective study for example fossil
pollen magnifies the presence of wind polli
natedbated plants while insect pollinated species
may not be represented at all phytolithphotolithPhytol ith stud-
ies detect only those species producing identi-
fiable opal phytoliths historical writings record
only those species of interest to the writers
repeat photography is useful only for those
species identifiable in photographs midden
records can be viewed as representing some-
thing similar to a plant releverelev6deleve mueller dom
bois and ellenberg 1974 from the past this
releverelev6deleve contains a detailed species list but also
more complex information on past species
abundance comparable to coverage classes

fossil pollen within middensbiddens can also be
analyzed king and van devender 1977
thompson 1985 davis and anderson 1988
emphasizing different types of vegetation and
representing a larger source area than the
plant macrofossilsmicrofossilsmacrofossils interpretation of fossil pollen
abundances like macrofossilmicrofossilmacro fossil abundances re-
quires caution and experience as some species
are better represented than others by consid-
ering both macrofossilmicrofossilmacrofossil and pollen records we
can achieve a more comprehensive under-
standing of past environments

MATERIALS AND METHODS

we collected 7 of the 8 middensbiddens within a
radius of about 200 in from a small shelter
fig 2 the 8thath was found I11 km east of the

shelter using a hammer and chisel we sepa-
rated approximately 1 kg of each midden from
larger masses and returned the samples to the
laboratory samples were then dissected pro-
ducing horizontally stratified subsamples typi-
cally measuring about 15 x 20 cm and several
centimeters thick weathering rinds and large
rocks were removed from each subsample
yielding 300 600 g of hardened midden mate-
rial this sample was then weighed and disagdicag

gregatedgre gated in water two unconsolidated mid
dens hartnet draw s 3 and 4 were consid-
ered modern because of the presence of green
leafy material cow feces and a peanut shell

pollen samples were taken from the wash
water after several days of soaking and the
pollen was separated using standard methods
faegrifaegre and iversen 1975 macrofossilsmicrofossilsMacro fossils of 1

modern midden hartnet draw 4 could not
be analyzed because the midden had been
burned chairingcharringcharring much of the plant debris
the pollen content of this midden however
was not destroyed by the fire packratpankrat debris
piles are often burned in rangeland shelters
most likely to eliminate the rats that occupy a
pleasant shelter

after sieving vegetable debris fecal pellets
and rocks from the dissolved middensbiddens with a
1immmm sieve we mixed dried and weighed
the resulting matrix producing 100 200 g of
washed midden matrix the dried matrix was
sorted by hand under a IOXlox dissecting micro-
scope pankratpackrat fecal pellets and rocks were
removed and weighed identifiable plant macro
fossils vertebrate bones and insect fossils were
identified counted labeled and stored in plastic
vials

six to 13 g of packratpankrat fecal pellets were sub-
mitted to radiocarbon laboratories for dating
hartnet draw 5 was dated at 3615 70 yr
BPBY using a single pinuspintis needle after the initial
pellet sample yielded an impossible result of
142 modern carbon some type of sample
contamination with artificial carbon isotopes
or sample mislabelingmislabeling is suspected as it is
impossible to contaminate an old sample with
enough modern natural carbon isotopes to
yield such a high number calendar year ranges
for radiocarbon ages were calculated using
stuiver and reimer s 1993 calibration program

data on midden contents were quantified
by number weight percent of identified spec-
imens and logo1090 of macrofossilmicrofossilmacro fossil concentration
inin midden matrix to compensate for variability
between middensbiddensmiddens we adjusted midden matrix
weights by subtracting the weight of rocks and
pellets from the dried washed matrix weight
before calculating the concentration as sug-
gested in betancourt 1990 using logo1090 of
macrofossilmicrofossilmacrofossil concentration calculates a number
similar to the semiquantitativesemi quantitative abundance scale
used by several other authors but it has the
advantage of being quantitative
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TABLETABI L 2 ages of middensbiddens based on radiocarboni adioadlocarbonearbon dates radiocarbon ages are calibrated to calendar years based on
stuiver and reimer 1993 MC percent modernmodem carbon sample postdates atmospheric testing of ofnuclearnuclear weapons

calendar year range
sample name radiocarbon date 813c8 13c lab ID no at one sigma material dated

hartnethaihal tnetanet drawdi AW 4 modernmodem debrisdebus pile not dated
hartnet draw 3 137 121 2 MC 222 A 5197 AD 1960 1986 neotoma pellets
hartnethartnetdiaw2draw 2 330 60 218 A 5204 AD 1495 1643 neotoma pellets
hartnetiiaitnetdiaw8draw 8 630 100 212 GX 16259 AD 1280 1410 neotoma pellets
hartnet draw la 1020 70 217 A 5203 AD 898 1152 neotoma pellets
hartnetiiaitnetdiaw7bdraw 71 1275 110 208 GX 15554 AD 640 890 neotoma pellets
hartnetiiaitnetdiaw9draw 9 2570 135 218 GX 15553 889 434 BC neotoma pellets
hartnet draw 5 3615 70 AA 6447 2128 1889 BC pinus adulisedulis needle
hartnet draw 6 5450 90 218 A 5205 4363 4235 BC neotoma pellets

we used the program CONISS grimm
1987 on the plant microfossilmacrofossilmacrofossil and pollen results
to conduct a stratigraphically constrained clus-
ter analysis using a square root transformation
and edwards and cavalli sforzas chord dis-
tance as a dissimilarity coefficient the square
root transformation makes the skewed distri-
butions of abundant species more closely con-
form to normal distributions plant taxa occur-
ring inin only a single midden sample were de-
leted from the analysis to eliminate false posi-
tive correlations due to shared absences these
deletions cause any differences between the
modern and fossil middensbiddens to be understated

RESULTS

MIDDEN AGE the 9 middensbiddens ranged inin
age from modern to 5450 yr BYB P table 2

hartnet draw 3 contained 137 modern
carboncalbonearbon modern s

isis defined as ADA D 1950 and
thus postdates atmospheric testing of nuclear
weapons seven middensbiddens dated to presettle-
ment times

PLANTPLANI macrofossilsmicrofossilsMACRO FOSSILS all of the middensbiddens
contain abundant macrofossilsmicrofossilsmacro fossils of utah juniper
junipentsjumperusJumperasperus osteosperma saltbush atnplexatfiplexatriplex sppapp

cliff rose dowaniacowaniaCowania meyimeximexicansmexicanamexicanamexicansmexicana and prickly pear
opuntia sp which are all plentiful at the site

today table 1 fig 3 the presettlement mid
dens also contain pinyon pine pinus adulisedulisedulis
Winterwmterfatwinterfatfhtfat ceratoidesCeratoides lanata sagebrush arte-
misia sp and riericncegrassricegrassncegrass stipa hymenoideshymenozdeshymehymennoidesozdes
which are rare or absent from the single mod-
ern midden analyzed for macrofossilsmicrofossilsmacro fossils hartnet

3 winterfatWinter fat was not observed during the
fieldwork and pinyon pine was rare inin the
area the rarity or absence of sagebrush and
ncricriencegrassricegrassegrass from the modern midden suggests
that they are less common now than prior to

settlement similarly globe mallow sphaeral-
cea sp needlegrassneedle grass stipa sp blue grama
bouteloua gracilis dropseed sporabolisSporabolis crapcryp

tandrusgandrustandrus and roundleafroundleaf buffaloberrybuffaloberry shepher-
dia rotundifoliarotundifolia are common in presettlement
middensbiddens but absent from the 1 modernmodem midden

in contrast hartnet 3 the modern mid-
den is the only midden containing viscid rab
bitbrushbitbrush chrysothamnus visidiflorus grease-
wood sarcobatus vermiculatus and russian
thistle salsola sp macrofossilsmicrofossilsmacrofossils only the 2
most recent middensbiddens 3 and 2 contain
snakeweed gutierrezbagutierreziaGutierrezia sarothraesarothrae rabbit
brush snakeweed and russian thistle are fre-
quent at the site today the absence of these
species from presettlement middensbiddens indicates
that these species were formerly absent or so
infrequent as to not be represented

the cluster analysis right side fig 3 dem-
onstratesonstrates the difference between the modern
macrofossilmicrofossilmacrofossil assemblage and other assemblages
it is the primary branch in the dendrogram
even though the single occurrences of rabbit
brush greasewood and russian thistle in the
modern midden were disregarded in the
analysis

POLLEN SAMPLES results of the pollen
analysis fig 4 are similar to those from plant
macrofossilsmicrofossilsmacrofossils presettlement middensbiddens contained
much more pine and sagebrush pollen than
the 2 modern samples 3 and 4 similarly
percentages of grass and buffaloberrybuffa loberry pollen
were generally higher in presettlement mid
dens in contrast only the 2 modern middensbiddens
contained pollen of the exotic russian thistle
and high amounts of juniper pollen like the
microfossilmacrofossilmacrofossil cluster analysis the pollen cluster
analysis right side of fig 4 showed that mod-
ern samples are very different from all preset-
tlement middensbiddensmiddens
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discussion

figure 2 shows the site as it is now and a
reconstructed image of how it may have looked
prior to settlement the reconstructed image
shows greater coverage of grasses winterfatwinterfat
sagebrush and pinyon inferred from the macro
fossils and pollen found in the packratpankrat mid
dens although vegetation probably fluctuated
continuously throughout the late holocene
this midden record suggests that previous
changes were minor compared to those of the
last 200 yr sites similar in appearance to the
reconstructed image are now present on un-
grazed terraces that are inaccessible to large
herbivoresherb ivores along halls creek 90 km to the
south heil et al 1993 the presettlement
plant community was undoubtedly more like
the pinyon juniper grass community described
by heil et al 1993 than the juniper shrub
community present at the site today

it is clear from macrofossilmicrofossilmacrofossil and pollen analy-
ses reinforced by the 2 cluster analyses figs
3 4 that the modern midden plant contents
are dramatically different from the presettle-
ment middensbiddensmiddens furthermore the presettlement
middensbiddens are more similar to each other than to
either of the modern middensbiddensmiddens this suggests
that the magnitude of change in vegetation
during the last 200 yr was far greater than dur-
ing the previous 5000 yr hypothetical causes
of this vegetation change should account for
both the timing of the change and the specific
taxa that increased or decreased

DROUGHT HISTORY reductions in winter
fat pinyon pine sagebrush and ricegrassricegrass and
increases in juniper rabbitbrushrabbitbrush and snake-
weed might be attributed to droughts during
the 19th or 20th centuries however an analy-
sis of past drought frequency for southeastern
utah fig 5 using 400 yr of tree ring data
compiled by fritts 1991 suggests that droughts
of the 19th century were not unusually severe
when compared to the 17th century severe
droughts defined here as years with 165
mmnun of annual precipitation reconstructed for
moab utah occurred 9 times in the 17th cen-
tury 4 times in the 18th century and 7 times
in the 19th century the 5 driest years recon-
structedstruc ted from the tree ring record were AD
1667 132 mm 1684 142 mm 1668 143 mm
1879 147 mm and 1861 150 mm excep-
tionallytionally dry successive years were 1624 1626

1666 16701684 168517281685 1728 17291822 1823
1879 1880 and 1899 1900

less is known about climatic variability in
this region over the previous 5000 yr prior to
this tree ring record but it seems unlikely
that any climatic event of the last 200 yr was
sufficient to cause a change with no precedent
during the previous 5000 drought may have
precipitated some of the dramatic vegetation
changes of the last 200 yr but it did not set the
stage for them this would require an event
unprecedented during the previous 5000 yr

FIRE HISTORY some changes recorded in
the middensbiddens could have been caused by changes
in fire regime the increase in juniper could
have resulted from a decrease in fire frequency
caused by elimination of grassy fuels by graz-
ing but this does little to explain the shift from
palatable to nonpalatablepalatablenon species or the reduc-
tions of pinyon sagebrush and buffaloberrybuffa loberry
just at the time that fire frequency decreased
fires of unprecedented severity could have
been set during the settlement era but this
hypothesis has no data to support it studies of
tree fire scars or sedimentary charcoal would
have to be conducted to test this possibility

GRAZING IMPACTS impacts from introduced
herbivoresherb ivores especially large sheep herds in the
late 19th and early 20th centuries are the most
likely cause of recent radical vegetation changes
the introduction of sheep goats cattle and
horses was without precedent during the pre-
vious 5000 yr overall vegetation has shifted
from palatable toward less palatable forage
specifically palatable grasses winterfatwinter fat and
buffaloberrybuffaloberry decreased while less palatable
species rabbitbrushrabbitbrush snakeweed and grease-
wood increased rabbitbrushRabbitbrush and greasewood
are poor forage while snakeweed is typically
an invader or increaser on overgrazedovergrazed range
benson and darrow 1981 heil et al 1993

cronquist et al 1994
other studies conducted on grazing at capi-

tol reef support this conclusion heil et al
1993 in a survey of the vegetation of capitol

reef national park suggest some of the most
preferred plant species for grazersglazersgrazers eg cera
toidesboides lanata and stipa comatacamata may have been
locally extirpated by grazing this packratpankrat mid-
den record demonstrates that for the hartnet
draw site this was the case

additional research at capitol reef national
park indicates grazing has caused and may
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reconstructed precipitation for moab utah
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fig 5 reconstruction of the last 400 yr of precipitation at moab utah from tree ring data generated by a program
distributed by fritts 1991

still be causing changes to the natural habitat
plant photolithphytolithphytol ith analysis in buried soil horizons
shows a reduction of palatable grass species
over the last several hundred years fisher et al
1995 an analysis of riparian areas indicates
that dramatic changes had occurred prior to
the taylor grazing act of 1934 forage plants
were heavily used and in many instances cover
was entirely removed recent grazing has per-
petuatedpetuated this removal or reduction of species
and inhibited potential recovery barth and
mccullough 1988 in a lightly grazed area
palatable shrubs and grasses have increased
significantly

dramatic declines in pinyon sagebrush and
buffaloberrybuffaloberry may also have been caused by the
grazing history but effects on these species
are less well understood these declines are
also present in 14 additional middensbiddens from sites
elsewhere in capitol reef national park such
as along hall s creek murray 1989 cole 1992

pinyon juniper woodlands have reportedly
increased during the historic period this is
especially evident when comparative photo-
graphic techniques are used west et al 1975
tausch et al 1981 this increase in pinyon
juniper woodlands is thought to be caused by
reduced competition from grasses and forbs
which were eliminated by grazing and by con

sequent reductions in fire frequency but stud-
ies discriminating between pinyon and juniper
do not portray identical histories for both
species pine and sagebrush both declined
while juniper dramatically increased during
the settlement period at peck s lake arizona
davis 1987 A study of permanent plots in a

presently ungrazed part of pine valley utah
demonstrated a significant decrease in juniper
and significant increase in pinyon between 1933
and 1989 yorks et al 1994 A study of tree
age structure on a presently ungrazed site in
southwestern utah s needle range found that
during the 19th century many surviving juniper
and few pinyon were established by 1915 the
situation had reversed with far more surviv-
ing pinyon becoming established in this cen-
tury tausch and west 1988 these results
demonstrate that pinyon and juniper respond
differently to changing regimes of grazing fire
or climate the observation that heavy grazing
causes an expansion of pinyon juniper wood-
land west et al 1975 does not equate with
the expansion of both species in all habitats

these results suggest that pinyon may be
recovering now at some sites from a late 19th
centuryearlycentury early 20th century decline caused by
grazing impacts this recovery has not yet
occurred at hartnet draw this hypothesis has
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support despite the lack of recent observations
of pine removal by grazing cattle knowledge
of the effects of cattle grazing at present stock-
ing levels forms an inadequate basis for judg-
ing the effects of an overstockedoverstocked sheep range
during the droughts of the late 19th century
although cattle will consume some pine when
it is available pfister and adams 1993 sheep
readily consume pine needles and strip pine
bark even in the absence of drought conditions
anderson et al 1985 sheep accomplished
the near complete elimination of the bishop
pine forest pinus muricatemuricatamuricata on santa cruz
island california where they were not fenced
out hobbs 1980

sagebrush populations may have a similar
history despite observation of increases in
sagebrush caused by the removal of their grass
competitors young et al 1978 although sage-
brush may be increasing on land presently
grazed by cattle this is not an appropriate
analog for intense 19th century sheep graz-
ing sagebrush is consumed by sheep during
droughts during the late 19th century sheep
severely reduced populations of california
sagebrush artemisia californicacalifornica on santa rosa
island california after first consuming the
grass cole and liu 1994

MAGNITUDE OF CHANGE recent vegetation
changes recorded at capitol reef national park
are unique when compared to natural changes
of the last 5000 yr these results echo those of
davis et al 1977 who found the vegetation
change caused by domestic livestock reflected
in fossil pollen at wildcat lake washington
to be greater than any other event of the last
1000 yr

it is also possible that both climate and graz-
ing combined to produce the dramatic vegeta-
tion shifts of the last 200 yr there is little doubt
that the most severe grazing damage occurs
when high populations of herbivoresherb ivores compete
for food during a severe drought the droudroughts9htsats
of 1879 1880 and 1899 1900 probably exacer-
bated damage caused by high herbivore popu-
lations more severe earlier droughts such as
those during the 17th century did not cause
such changes because the large introduced
herbivoresherb ivores were absent
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capitol reef national park


hartnet dra


UTAH


wayne county
garfield county


hailshallshalis creek


fig 1 map showing site location


native north american equidsequils horses and
asses became extinct before 10000 yr BYB P
mead and meltzer 1984 eurasian horses


and asses equus sppapp were introduced to
new mexico by spanish colonists as early as
ADA D 1598 underhillunderbill 1971 by the late 1600s
feral horses were reported inin parts of the
west but it isis not likely that they existed inin
the study area prior to the 1800s


in the late 1800s introduced herbivore popu-
lations increased dramatically inin southern utah
with the widespread increase inin open land graz-
ing livestock grazing within and near capitol
reef national park has been documented since
at least the 1870s frye 1995 the earliest
detailed herbivore population estimates from
the capitol reef area are from summer graz-
ing permits issued for powell now part of
dixie national forest frye 1995 in 1909
the forest service issued permits for 67000
sheep and 11000 cattle the animals grazing
these high summer pastures presumably spent
the winter inin the lower adjacent areas of capi-
tol reef national park


A bureau of land management survey de-
scribed past use at the hartnet draw site


prior to the passage of the taylor grazing act inin
1934 large numbers of livestock were brought
from wayne sevier and emery counties to winwin-
ter on these lands many of the animals remained
on the range yearlong resulting inin the progressive
destruction of soils and vegetation reports from
stockmenstocklenstockmen inin the area indicate that many trespass
horses used the area until about 1955 prior to
1946 there were at least 163 cattle and 20 horses
yearlong inin this area hartnet allotment file 1966


currently the area is grazed under an allot-
ment issued by capitol reef national park


reconstructing PAST vegetation fossil
pankratpackrat middensbiddens are valuable sources of pale
oecologicaloncological information in andaridanidannd regions of the
southwestern united states betancourt et al
1990 cole 1990 plant fossils in packratpankrat mid
dens often identifiable to the species level
grew close to the midden most likely within
50 m because plant identification and loca-
tion can be precisely known this method has
extremely high spatial and taxonomic resolution
compared to other methods of reconstructing
past vegetation


studies comparing trees and shrubs at mid-
den sites with plant specimens from modern
middensbiddens typically report similarities exceeding
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HOLOCENE vegetation AND HISTORIC GRAZING
IMPACTS AT CAPITOL REEF NATIONAL PARK


reconstructed USING PACKRAT MIDDENS


kenneth L colel norman Henderson2 and david S shafer3shafert


ABSTRACT mid to late holocene vegetation change from a remote high desert site was reconstructed using plant
microfossilsmacrofossilsmacro fossils and pollen from 9 packratpankrat middensbiddens ranging from 0 to 5400 yr inin age presettlement middensbiddens consistently
contained abundant macrofossilsmicrofossilsmacro fossils of plant species palatable to large herbivoresherbivores that are now absent or reduced such as
winterfatwinter fat ceratoidesCeratoides lanata and ricriericegrassncegrassncegrass stipa hymenoideshymenoides microfossilsmacrofossilsMacro fossils and pollen ofofpmyonpinyon pine pinus adulisedulisedulis sage-
brush artemisia sppapp and roundleafround leaf buffaloberrybuffaloberry shepherdia rotundirotundifoliarotundifolidfoliafoila were also recently reduced to their lowest
levels for the 5400 yr record conversely species typical of overgrazedovergrazed range such as snakeweed gutierrezbagutierreziaGutierrezia sarothraesarothrae
viscid rabbitbrushrabbitbrush chrysothamnus visidiflorusvistdiflorus and russian thistle salsola sp were not recorded prior to the historic
introduction of grazing animals pollen of utah juniper juniperus osteosperma also increased during the last 200 yr
these records demonstrate that the most severe vegetation changes of the last 5400 yr occurred during the past 200 yr
the nature and timing of these changes suggest that they were primarily caused by 19th century open land sheep and
cattle ranching the reduction ofofpmyonpinyon and sagebrush concurrentconcunent with otherothel grazing impacts suggests that effects of cat-
tle grazing at modern stocking levels may be a pooipoor analog for the effects of intense sheep grazing during drought


key words holocene vegetation history grazing impacts pankratpackrat biddensmiddensmid dens fossil pollen presettlement vegetation


STUDY AREA


this purpose of this study was to produce a
holocene vegetation history of capitol reef
national park reconstructing past changes in
vegetation and relating those changes to their
most probable causes packratpankrat midden chronol-
ogies were developed from several sites cole
1992 but only the most complete series from
a single site collected from the hartnet draw
site is reported here seven fossil and 2 modemmodern
middensbiddens were collected from hartnet draw in
northern capitol reef national park 3815n
I1IHWWI1 120w fig 1 this site at 1920 m elevation
in wayne county utah was chosen because
of its remote location free from most anthro-
pogenic disturbances other than grazing and
the abundant fossil packratpankrat middensbiddensmiddens


the site is underlain by the salt creek mem-
ber of the morrison formation which forms
many overhangs protecting the fossil packratpankrat
middensbiddens fig 2aaa today the most abundant
plant species are utah juniper juniperus osoteoosteo
spennaspspermdspermaaspennasperennamd bigelow sagebrush artemisia biglovbigloviiii
big sagebrush A tritrlfridentata snakeweed guticutiguticuti
errezia sarothraesarothrae torrey ephedra ephedra


torreyanatorreyana viscid rabbitbrushrabbitbrush chrysothamnus
visidiflorus and central pricklypricklypearpricldypearpear opuntia
polyacanthapoly acantha table 1 low areas with thicker
soil support a sparse growth of grasses rice
grass stipa hymenoideshymenoides sand dropseed sporo-
bolus cryptandruscryptandrus and blue grama bouteloua
gracilis plant taxonomy follows welsh et al
1987


mean annual precipitation at the site is close
to the 18 cm yr 1 recorded at fruita 15 km to
the southwest at 1670 m elevation heil et al
1993 precipitation is bi seasonal with winter
and late summer peaks temperature extremes
are great at this aridandarld continental site a mean
january minimum temperature at fruita of
8cac and a mean july maximum ofof33c33c


GRAZINGCRAZING HISTORY historical records men-
tion no disturbances to this area other than the
introduction of exotic herbivoresherb ivores during the
mid 19th century native large herbivoresherb ivores that
may have been present in the study area dur-
ing the last 5000 yr include bighorn sheep
ovis canadensis mule deer odocoileus hemi-


onus pronghorn antilocapra americanaanzericanaanzericana and
possibly bison bison bison and elk cervus
elaphusclaphus van gelder 1928 mead et al 1991


lusius geological survey MNCPSU 115 green hall department of forestfoiest resourceresources university of minnesota st paul MN 55108 presentpiesentaddiessaddress Coloiacoloradoclo
plateau field station USGS BRD box 5614 northernNoinol thein arizona university flagstaff AZ 86011


2nationalrational park selvleeservice glen canyon national recreation areaalea box 1507 page AZ 86040
dofficesqffice3office of environmental restoration US department of energy richland operations office box 550 MS s7sa 54 richland WA 99352
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