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Abstract

Pollen analysis of arcnaeclogical cave and rockshelter

L}
deposits 1s widely implemen:ea as a technique to provide
knowledge about prehisteric human adaptation and past
vegerational eﬁvironments. 1t 1s generally acéepted that
caves and rockshelters are characterized by little naturally
occurring botanical material and are protected from pollen
deposition by wind, bur the dominant means of pollen
trarsportation and the subseqguent megning of the resulting
pollen assemblage 1s inadeguately understood.

This study expleies the dynamics of polleu deposition
ln caves and rocksheiter; located in the Prycr Mountains of
south-central Montana. Pollen traps were placed in twelve
cave and rockshelter sites situated along an.altitudinal
gradient for the 19871 pollination season. The resulting
assemblages we;e compared to surface sample assembléges and
écologicallsurQey data. Analysis of these data demonstrate
that wind is an important vector by which polien enters
caves and rockshelters, that the wind deminated pollen
assemblage demonstrates the variability c¢haracteristic of
local pollen rain, and the lack of intersite and intrasite

. .
comparability between contemporaneous pcllen samples derived
from cave and rocksﬁelter samples strongly suggests a

reappraisal of the utility of these deposits when attempting

paleocenvironmental reconstructions in a fossil context.

.
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I NTROPUCT ION |
Polien dnalysis has ' been widely applied to archaeological
cave deposits in human paleoeqological investigations.‘ In
Europe, fossil pollen records provide the biological basis
for reconstructions of climatic change in Paleolithic cave-
and fockshelter sites (Leroi-Gourhan, 1965). Pollen analysis
of cave 'fills has also figured prominently in archaedlogical
research in the Americas : (cf. Schoenwetter, 1970;
Shreve-Brinkman, 1978), and, in Africa\(Van Zinderen-Bakker,
1982). -

Despite numerous applications, it is widély recognized
that cave deposits pose pollen analytical problems to the
resear;her (Van Zinderen Bakker, 1982). Pollen assembiages
from” cave deposits ére notoriously sparse (Leroi-Gourhan,
1965), frequently poorly preserved (Donner, 1975), and are-
suspect to “contaminatién resulting from the activities of
human and nonhuman inhabitants (Couteaux, i977)._ However,
selection of cave @epdéits over other types of polliniferous
aepqsit; isl often based on the ~ poor preservational
properties of surrouﬁding open air sites (cf. Van Zinderen
Bakker, 1982), or the lack of lakes or bogs ’providiné a
depositional history of the time period in 'quéstioﬁ
(Leroi-Gourhan, 1565), than on the intrinsic _properties of
the cave alone. For archaeological purposes, selection of
céve deposits for analysis is encouragég\\By\;fhe in situ
. , ( .

\, v 0
. . - . » [ .
associlation of "human artifacts wlthlnﬁqaf\pollen bearing

~ e
N

.deposit (Anderson, 1955). ‘ .



Site selection is, however, a cr{tical part oﬁ a paleo-
environmental research design (Jacobsen and Bradshaw, 1981).
For palynglogiéally-based reconstructions to be
statistically significant and comparable from site to site,
it‘ is necessary to establish that the sampling site records
regional pollen rain (Janssen, 1973). This tenet holds true
whether paleoenvironmental reconstructions are developed
ithrough the community analogue approach, as advocated in
North' America (Wright, 1967), or én the basis of AP/NAP
(arboreal pollen/ nonarboreal pollen) ratios, as favored ‘in
European archaeological pollen analysis (Leroi-Gourhan,
1965) .

Experimental . studieés of modern - pollen Qroduction,
dispersal, and deposition havefﬁestablished guidelines for.
selécting suitable lake, bog-and open air sites (Jacobsen‘
and _Bradshaw, 1981). However, the relationship between
pollen assemblages recovered from cave and rockshelter
deposits, pollen rain, and surrounding vegetation have not
been adequately explored.” The implications for this are very
serious: Until the dfnamic process of pollen tragsport into
caves is ully established, much of our understanding of
climatic history and human paleoecology as derived from
" fossil pollen 'records from caves must be viewed with great
caution. |

Tﬁus, it 1is imperative that experimental studies of
modern pollen transport into caves and rockshelters be

initiated so that an wunderstanding of the relationship
. , ,
\
Y



between cave derived pollen assemblages, pollen rain, and
vegetation may be established. Such data will provide _more
accura' interpretative models, guide-éité sel®ction, and
permit t.e reevaluation of current paleoenvironmental and
human paleoecological reconstructioqs based on fossil pollen
from cave and rockshelter deposits.

This étudy explores the dynamics of pollen deposition
in caves and rockshelters located in the Pryor Mountains of
south-central Montana (Fig. 1). A series of 12 cave and
rockshelter sites éit;ated along ian altitudinalb gradiant
were fitted with pollen traps for the 1981 pollination
season. Pollen traps, sugface samples, and ecological
measurements of the vege;ation surrouhding the caves, form a
comparative data base to explore the suitability of‘cave and

rockshelters as study sites for paleoenvironmental

reconstructions based on fossil pollen datd.



Figure 1. Cave and Rockshelter Study Sites, Pryor

Mountains, Montana
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PREV1OUS RESEARCH

Little research has been directed toward understanding the
mechanics of pollen transport into caves. Most models em-
ployed in the interpretation of fossil pollen spectra from
caves were originally conceived by French palynologists and
are ' based on empirical observations of fossil material. for

instance, French cave deposits have repeatedly produced

pollen assemblages characterized by high NAP fgéqﬁghcies,
consisting predominantly of Poaceae and Asteraceae, for
which an analogue has not been found in modern landscapes
(Leroi-Gourhan and Leroi-Gourhan, 1965). Assemblages of sim-
ilar composition have not been discovered 1in fossil
assemblages from other types of sites, suggeSting that this
bias may be inherent to pollen 'deposition ln caves
(Coutéaux, 1977; Leroi-Gourﬁan) 1965).

Leroi-Gourhan and Renault-Miskovsky (1977) suggest that
this apparent bias towéra low-lying herbs reflects thé role
played by animals in transporting pollen to caves. They
characterize the fe~t and hair of animals, including humans,
as mobile poller traps, that sample the external vegetation,
and transport pollen to tﬁe cave interior. Suppprt for this
hypothesis 1s sought by comparing samples at Renne Cave,
Arcy-sur-Cure, France, where polliniferous samples are

located 1in a cave opening of sufficient size to accomodate

large animals (Leroi-Gourhan and Renault-Miskovsky, (1977).



The problems associatcd with interpreting high NAP
frequencies has led to the develdpment of an interpretative
methodology based on AP and NAP ratios (Leroi-Gourhan,
1965). This. method assumes that greatef AP proportions
indigéte climatically controlled tree growth, and that
pollen production has remained at Holocene rates throughout
the Pleistocene (Brande and Bleich; 1975). |
Boih thc technigue used for paleoenvironmental
reconstructions -and the characterizations of pollen
transport into caves demonstrate that many palynological
reconstructions from European Paleolithic cave sites have
little basis in +he principles of plant ecology. This
reflects the emphasis placed on archaeological palynology as
a chronostratigraphic tool, which until recently, in this
context, has been considered palynology's major contribution
to archaeological research (cf. Laville, et al., 1980).

"Contemporary pollen trapping experiments by BuiQThi—Mai
(1974) at Abri Vaufrey (France) were designed to determine
tne reliability of caves as sampling sites for paleoenviron-
mental analysis. They demonstrated that wind transport is a
significant vector by which polien enters caves. Nine con-
temporaneous pollen samples from in and around Abri Vaufrey
were compared to determine whcther they would demonstrate
~variation significant enough to yield differing climatic
interpretations if observed in a fossil context.

Bui-Thi-Mai (1974) observed a general decrease of both

total grains and arboreal grains in a transect across the



cave floor from the entrance to the rear of the cave. Pollen
samples from the rear of the cave reflected a bias toward
lightweight, highly aerodynamic grains. The pollen traps
centrally located 1in the chaq?er provided a pollen assem-
blage 'that best represented the vegetation at large; least
representative were sampling sites- where turbulence and
locali%ed air currents figured prominently, such as near the
wall and opening of the cave.

However, this study at Abri Vadfrey glso demonstrates
that cave sites 1inject their own unigue sampling biases
which affect the taxonomic cbmposition of the pollen. asséﬁ—
blage. The potential for sample bias must bebconsidered in
any paleoenvironmeﬁtal réconstruction derived from cave
deposits. At Abri Vaufrey, Bui-Thi-Mai (1974) concluded that
the statistical aissimilarities observed between her samplgs
would not produce differing climatic reconstrictions given
the limits of interpretation of féssil data.

In summary, Bui—Thi—Mai concludes that a cave acts, "As
an integrator of its pollen environment, similar to lake or
bog localities, " (1976:9). However, because quantitative
data 6n the surrounding vegetation was not collected, it 1is
not possible to assess from the Abri Vaufrey study whether
‘caves do in fact sample regional pollen rain: the character-

\

istic that makes medium sized lakes and bogs highly suitable

—

study sites for paleocenvironmental reconstructions.

RESEARCH DESIGN



The objective of this study was to provide a comparative
data base with which to explore.the factors which contribute
to variation 1in cave and rockshelter pollen assemblages. The
sampling design followed a nesting strategy, focusing on the
three levels of resolution definéd in Janssen's model of
pollen transport (Janssen 1973). Jacobsen and Bradshaw's
(1981) definitions of local (plants 20m or less), extralocal
(20m to several hundred m) and regional (greater distances)
pollen source areas are adopted in this paper.

At the regional level, 3 major vegetation types were
sampled for comparison. These included Cave.Ann and Cowboy
Bob Rockshelter in the Subalpine zone; Caves 1, 2, and 3
West, Caves 1 and é East, Bobcat Rockshelter, and Skylight
é;;e in the mid-elevation Douglas Fir 2one; and Crooked
Creek Rockshelter, Burnt Timber Rockshelter and Gyp Springs
Rabkshe&ter in the xeric lower elevation Utaﬁ
Juniper-Blacksage Zone (Table 1). To investigate extralocal
variation, 7 cave and rockshelter sites were located 4n the’
Douglas Fir zone. The 1influence of local variation was
monitered by several samples clustered in Skylight Cave.

To provide a control and to compare the cave derived
pollen assemblages to the vegetation, open air Tauber traps
were posiﬁioned 10m from each cave or rockshelter site.
Surface samples were cbliected from each site to determine
whether cave floor material differs significantly from the
pollen rain. Open air surface samples were again collected

as a control. Through this hierarchical scheme it should be
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possible to evaluate whether the pollen derived from cave
floor deposits are representative of the windborne pollen
rain of caves and open air sites, and ultimately whether the
¢

pollen assemblage is representative of the local or regional

vegetation.
DESCRIPTION OF STUDY AREA

The Pryor Mountains ®f south-central Montana are a series of
fault blocks sepgrated from the ~Bighorn Mountaiﬁs by the
deeply incised Bighorn River (Blackstone, 1975), (Fig. 1).
The capping Paleozoic limestones dip steeply to the ‘west.
Stream valleys parallel the faults and separate the inaivid—
uval mountain blocks. Several deep canyons Cross cut
sedimentary strata and 1lead out of the mountains to the
south towards the Big Horn Basin, and to a lesser extent,
toward the west and north. Transition from the mountains to
the basin is achieved in several aregs by pediments dipping
to the south.

The canyon forming rock in all parts .of the Pryor
Mountains is the Mississippian Madison Limestone Formation
(Blackstone, 1975). The upper member. of this formation, the
Mission Canyon Member, forms th; ¥*im rock in several
canyons. This strata contains numérous' solution caverns,
many of wﬂich were once filled with breccia and are

presently,ﬁn the process of reexcavation.
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Climate A

Because the Pryor-Big Horn Mountain chain is one of the most
easterly of the Rocky Mountains, the orographic effect
depletes air masses arriving from the west of;théir moisture
content. Air masses from the south are blocked by ‘;he Oowl"
Creek and Wihd River Mountains. On vthe eastern flank,
precipitation is generated by 'storm tracks which produce
northeasterl? winds (Lowry, 1960). The Bulk of precipitation
falls between April and September, 40-~45% of the'"annyal
rainfall falling between May and June. Temperature and
precipitation vary more with elevation than geographic
location - (Baker, 1944). Lack of weather monitoring stations
within the Pryors 1limits a .discussion of local climate
around the study sites, h

Ruffner {1978) provides an estimate of 15-20cm annual
precipitation at Sage Creek Station, w{tb/&éke January
average temperature ranging 1-11°C, and duly average
temperature ranging 13—32°C.{South (1974) pro&fées estimates
of precipitation based on degree of soil development, which;
demonstrates at least a strong trend of climatic variation

between the zones (Table 2).
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Table 2
Vegetation Type Annual Mean Soil Days Frost
, Precipitation Temp. °C Free
(cm) .
Subalpine Zone 38-51 3-6 | 40-50
Douglas Fir Zone ' 38-48 4-7 | 50-90
Utah Juniper 15-25 6-7 ' 70-85

Blacksage

(Adapted from South 1974)
Snowfall avérages fall betweéen 64-381 cm per year in

the mountains, with accumulation directly proportional to

elevation (Baker, 1944). |

-

Field Methodology

In Abril, 1981,vTauber trap pollen samplers were placed in
the selected low and mid elevation rock shelters. Tauber
traps are static recepticles designed to colipctnthe sedi-
mentation of pollen from the air. A Tauber trap consists of
a plastic jar ;fitted with a 15cm diameter 1lid with a scm
,diaméter central aperature. The 1lid 1is aerodynamically
designed to- minimize air furbulence.so that the vertical
cross-section tapers from the central apéfature to the

A

edges.

e
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Traps were placed 1in the higher elevation sites of

Cowboy Bob and Cave Ann in June, 1981, by which time the
snow drifts had melted back sufficiently  for érap
empiacement. At least 2 traps were located within.eagh';Cave
:andv rockshelter, one at the 1lip, another oufeide the
dripline, and one or more deeper in the interior. A trap was
placed 10m. outside the mouth of the cave, away from the
direct influehce of vegetation surrounding the caveqmbufh to
ensure coﬁparability of the ,inner traps to the 1local
vegetation (Wright} 1967). |

Tauber traps were attacaed to plastic jars, and mounted
on a one meter rebar rod driven approximately 30cm into the
ground. Because,o£7roof.fall, some traps Qere placedren the
floor of the cave,~and wedged ineo a efable upr;ght*position
with rocks. All t;aps wvere filled with a pfeser&ative
solution compdseaiof gl¥cerine, aeetjc_acid, and distilled
water. Surface samples of sediment, meas or leaf littef eere
collected- from both inside the cave or rockshelter, and near
the open air traps

Archeological test investigations were initiated in

" Cave Ann while pollen t:aps»@ere in'plaee. For apﬁroximately¢

3 weeks between 1 and 3 individuals were excavating with

hand trowels ima 1x2 m ekcavation unit. As a -result, 1t is . -

)

necessary to. con51der that human activity’ may have . played a

significant role in forming tH/f\gllen assemblage at thlS

site. - -
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,and placed in plastic bags for rinsing in the laborztory.

. / ' o
The vegetation surrounding each cave and rockshelter

15

gtudy site was sampled, using a point ceﬁtéred—quarter and a
transect-intersect method (Grieg-Smith, 1962)%  Trees
occurring at distances greater than 1Om4weFe recorded as
absent, . and clumps of grass were recorded as a single unit.
Due to the.lack of resofution'of grass. pollen morphology, no

1

attempt was made to differentiate between species of grass

in this study. N

In October, 1981 all traps were drained 1into labeled
screwtdp jars, and rinsed 3 tdmes with acetone. Several
traps bore signs of animal activity, and those punctured or

otherwise drained of their contents prematurely were removed

v
la

kS

LABORATORY METHODOLOGY
The trap contents were screened in order to remove large
plant fragments, lithic debris, and indects. The insects
vere ‘given to I. Askevold, u. of Manitoba, ' for
identification (Appendix 1).

The trap contents were diluted 1:3 with distilled
wate;,; then passed. through a 5.5 or 7cm millipore glass
fibre filter by means of a vacuum apparatus. The pollen

trapped on the filter was placed in a nalgene test tube. A
. o

Stockmar eucalyptus tablet (batch no. 106720) was added to
the sample which was then treated with 10% HCL, centféfuged,

rinsed with.concéntrated HCL, treated with 48% HF for one

[N}

.- -
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ur 1n a boiling water bath, and then let stand overnight.
Processing theq.continued according to Faegri and Iversen's
(1975) standard procedure. Processed samples were then
placed 1into wvials with a few drops of glycerine, and
transferred to slides by means of a disposable pipet.

Sediment samples were treated by swirling and
suspending the fine fraction of a 503 sample 1in distilled
water, screening out the‘l;rge vegetal material, and letting
the sample stand in 10% HCL overnight. The sample was
subsequently rinsed in concentrated HCL and suspended in a
zinc bromide solution (sp. gravity 1.8). ffter centrifuging,
the ’supernatant was passed through a 7 c¢m glass fiber
filter. Processing of the glass filter and trapped pollen
then proceded as described above.

Moss polster sgmples we;g measured volumetrically.
Fifteen ml samples were processed according to the procedure
for peat samples as described in Faegri and Iversen (1975).
Because pollen accumulation rates cannot be calculated for
sediment samples,;moss,polsters, or damaged pollen traps,
eucalyptus spikes were not addea to theﬁe samples.

' An attempt was made to céuht a minimum of 500 grains,&
excluding spores, indeterminates, mﬁltiple species pollenb
agglomerates, ahd the eucalyptus spike. Wheréver possible,

if a single herbaceous taxon dominated the assemblage, the

500 grain count was made in addition to that taxon. Samples

4

were counted with a Leitz SM-Lux binocular microscope, uéing\

400x magnification. Traverses were spaced across the slide

N
N
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at regular intervals to avoid Bias due to non-random
distribution of pbllen across the slide (Maher, 1977i///
Brookes and Thomas, 1967). Identifications were aided by the
pollen reference colleﬁtion at the University ot Alberta,
and keys supplied by Faegri ard Iversen (1°975), Mcandrews ét

al (1973), and-Moore and Webb (1978). ‘

The identification of Pseudotsuga was .complicated by
the presence of a spore (Polypodiaceae type),‘which bears a
resembiance to Pseudotsuga grains (Plates 1 and 2). These
spores ranged from. inapeturate, or weakly trilete, to
trilete, demonstrated weak exine ornamentation, and were the ©
same Ssize as Pseudotsuga. The inapeturate to weakly trilete’
varieties of this spore, when found in a- torn or folded
condition, were mistakable for poorly preserved Pseudotsuga
grains. As a result, it was neceséary to 1impose strict
criteria on Pseudotsuga determinations. In this study,
Pseudotsuga totals are .based on entire grains in fresh
condition,

To better understand local and regional contribution_bf
Pinus, it would have been usefdi to differentiate the
Haplcxylon (Pinus flexilis) from the Diploxylon (Pinus
contorta) grains originating from upper elevations.,
UnfortUnétely, an attempt to carry out thié distinction was
discouraged by the poor condition of Pinus grains from the
~ desert assemblages (Plate 3)2 and the surface samples from

the Subalpine and Desert floor sites.

-



Plate 1. ~ Comparison of Polypodiaceae Type and PséUdotsuga

Grains o

A, Polypodiaceae type, Skylight Cave, cave floor

surface sample A

B. Pseudotsuga =enziesii

°



\D



Plate 2. Comparison of Polypodiaceae Type and Pseudotsuga

Grains

A. Polypodiaceae type, Skylight Cave, cave floor

surface-sample A

B. Pseudotsugs menziesii
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Plate 3.

Pinus Grains

A. Broken, abraded Pinus grains, open air
Burnt Timber Rockshelter
3. Pinus grain,, poorly preserved, cave

Cave AnNnN

tear,

trap,
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»~

All raw counts were converted to relative frequencies
for analysis, and absolute influx was calculated where
applicable. Pollen preservation, and other observations for

each sample.pertinent to analysis are described in Appendix

2.

Plant identifications were aided by the keys provided
by Dorn (1977) and Hitchcock, et al., (1977). Identified
plants were wverified wusing tﬁe collections from the

herbarium at the University of Alberta. Relative frequency,

density “and ' dominance values were calculated for the

\ -

arboreal/ data. An expression of relative freguency was not
applicable toqthe transect sampling strategy emplofed; for
the local herbs, but density and dominance were calculated
for these species.

4

Cluster Analysis

Visual inspectioﬁ of the pollen diagrams shows that the
variables influencing pollen introduction into cave sites
are complex. To facilitate understanding of the patterns in’
the data, cluster analysis, a non-probabilistic statistical
method wa§ employed. Cluster analysis has béen applied to a
number of pollen analytical and phytoééological studies with
reasonable success'(Birks, et al., 1975; McCord 1982; Gordon.
and Birks, 1972; see also Lambert'and Dale 1964).

In this study, Ward's (1963) method, a minimum variance

agglomerétive method was employed, wusing the CLUSTAN 1C
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computer program developed by Wishart (1978). The advantages
of the application of minimum variance cluster analysis to
palynological data over other hierarchical methods is
pointed out by Birks, et al., (1975). Clusters are formed by
>-ieining  groups through .the calculation of a distance
coefficient‘ﬁor each pollen-sample, and grouping together
those samples or «clusters whose fusion yields the least
increqse in the error sum of squares (Ward, 1963; see also
Orloci, 1967). In this way, distance (or similarity) rela-
tionships are specified between eacﬁ group and the entire
population, ané the clusters are ranked in importance.

To facilitate computer analysis; the 'data were
simplified from 128 taxa into 20 non-inclusive categories
(see Fig. 2 in pocket). These categories reflect standard
pollen analytical procedures: all majbr (greater than 1%)
arboreal constituants received their owﬁ categories, all
major nonarboreal taxa were represented, and Asteraceae was
reduced to High and Low spine Tubul iflorae and Liguliflorae.
Remaining herbaceous taxa were simplified into categories by
family, using an eéological rationale .fol;owing Fall, et
al., (1981). Because the miscellaneous unrepresented taxa
would have no ecological meaning, they were excluded from
analy51é. In, K most cases, the balance of unrepresented taxa
tbtalied under 2% of the total count.

To alleviate the problem of more variable species

dominating the analysis, data were standardized to zero mean

and wunit wvariance (Wishart, .1978). Lambert and Dale (1964)
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4

point out that this procedure reduces bias in favor of
numerically variable taxa, and slightly favors the commoner

and rarer species, simulating pollen analytical procedures.

REGIONAL VEGETATION

The distribution of wvegetation 1in the Pryor Mountains
reflects a péttern of. vegetation fouAd throughout the
Bighorn range. Communities of low growing forbs, and Abies
lasiocarpa-Picea engelmannii forests aré found at the upper
€levations; Pseudotsuga forests are found at mid elevations;
and a suite of xeric communities, including those South
(1974) calls Sagebrush grasslands, Utah Juniper-Black Sage,
and Red desert-Salt Shréb, g;e found at lower elevations.
Birkhart (1976) and Despain (l§73) observed the same plant
associations in the Bighorn range, with tgé addition of
Pinus ponderosa forests at elevations lerr than.are found
in the Pryors.‘ )

On the basis  of aerial reconaissance, ground
vegetations surveys and iandfofms, South (1974) compiled a
regional picture of the distribution of vegetation in the
Pfyors region (Fig. 3). While this study adopts South's

|

terminology, the vegetation descriptions \that follow are
derived from surveys of  flora édjacent tol the <cave and
rockshelter study sites and may differ somewhat from South's

more generalized descriptions in some particulars.



Figure 3. Pryor Mountains Vegetation Zones and Study. Sites

(adapted from South, 1974)

.



Cave_and Rockshelter Study Sites

Subalpine Plateau

Subalpine Forest and Meadow
Douglas Fir Forest

Rock Ouicrop-Ferest
Montana Grassland

LS Streamside Hargwooed

Utah Juniper-Blacksage

B Sagebrush Grassland

) Red Desert Salt Shrub

A Cowboy Bob Rockshalter

& Cave Ann )
Caves 1 & 2 East

Caves 1,2, & 3 West
Bobcat Rocksheiter

Skylight Cave

Crooked Creek Rocksheiter
Gyp Springs Rockshelter
Burnt Timber Rockshelter

OMMoO w

e
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Subalping Forest and Meadow

CaQe "Ann  and Cowboy Bob rockshelter face east and west
hrespecitively across a dry valley into a Subalpine Forest
and Meadow, composed of scattered Abies lasiocarpa and Picea
| engelmanni i stands, interspersed with subalpine . meadow
dominated by cool moist adapted forbs. Picea glaucaﬂand
anus contorta are associated arboreal species. The valléy

recesses belqw the caves contain species of Artemisia,

Juniperus communis, and isolated occurences . of Pinus

contorta. Above- the rimrock, the vegetation moves into the
Subalpine Plateau zoné, consisting of forbs, sedges and
grasses which form a dense matlike turf. Common plénté
include species of Arenaria, Phiox, Castilleja, Anemone, and
Lomat ium (Table 3).

Transect data from Cowboy Bob Roclshelter shows. Pjicea
engelmannii the _aominant 4arboreal species,' the density,
frequency, dominance, and importance values being (50, 61,
i6. 52), respectively (Table L4). (For simplicity, in the

suing discussion these values will be eXpressed in this
manner). Abjes lasiocarpa also figures prominantly (20,.19,
39, 26). Pinus contorta (30, 19, 15, 22) is the only other
arboreal spgcfés. The most important Aerbaceous ;pecies
overall inciyde Lupinus sericeus (7, 6--density, dominance),
Vicia cracca (*, 5), Phlox hoodi (5, 4), Dodecatheon (2, 4),
and Geum trff]ofum (4, 4). Plants found in transects about

the lip of the, cave and across the mouth include Draba

. ™ 5
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incerta, Sedum stenopetalum, Delphinium bicolor, Potentilla
ovina, and Saxafraga arguta. Across the valley from Cowboy
Bob Rockshelter, Cave Ann is situated directly above a Ricea
Englemanni-Abies lasiocarpa stand. Abies is better
represented around Cave Ann (46, 51, 32, 43) than it is

around Cowboy Bob Rockshelter. Picea values are lower (30,

30, ' 50, 37) than across the valley, but Pinus is egually
well represented (24, 19, 19,  21). Due to the southerly
exposure, Cave Ann's herbacous cover is significantly dif-

ferent from that surrounding Cowboy Bob Rockshelter. Poaceae

figures " most prominently (29, 16), followed By Zigadenus
racemosa (10, 5), Pedicularis groenlandica (6, 11) and
Juniperus communis (4, 14). A wide vériety of herbs are

found around the mouth of the cave the most important
include Potentilia gracilis, Geranjum viscossimum, Poaceae,

and Cerastrium arense.
6
Douglas Fir Zone

Caves 1, 2, and 3 West, Caves 1 and 2 East, Skylight ‘Cave
and Bobcat Rockshelter are located within the Dnglas Fir
zone. At lower elevations, The Douglas Fir zone is confined
to north‘facing slopes, and shaded areas, ana is }eplaced by .
Limber Pine on the(southern exposures. At higher elevaéions,
Douglas Fir i; found on sunny, dry exposures, and at the:

highest elevations, it 1s replaced on northern exposures and

- moist-shady localities by Abies lasiocarpa. Picea glauca and
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Picea engelmannii occupy moist draws.

As shown®n Table 4, it is apparent tﬁat the degree of
dominance Pseudot suga plays in the local veéetation
composition wvaries among the sites, -4, Cave- j West,
Pseudotsuga 1is most strongﬂy fepresentea (49, 52, 99, 67),
whereas at Skylight Cave, a more xeric site due to southerly
expoéure Pseudétéuga frequencies are lower (30, 25, 67, 40).

In the moister heavily wooded localities, Caves 1, 2,
and 3 ‘West and Caves 1 and 2 East, Picea glauca, and Acer
. glabrum, are present, with 1isolated oécurences of Prunus
virginiana and’ Cornus - tolonifera. At Skylight Cave and

Bobcat Rockshelter, which face onto xeric slobes,_ Juniperus

schropulorum and Pinus flexilis are added to the species

list.

The mean values for arboreal caxa in this zone are as
follows: Pseudotsuga menziesii (43, 42, 85, 57);. Picea
glauca (3, 4, 5, 4); Acer glabrum (21, 18, 1,\13); dunipénus
scrophulorum (27, 33, 9, 23); Pinus flexilis (2, 1, 1, 4);

Prunus virginiana ‘(3, 2, *, 2); and Cornus stolonifera (1,
i, %, 1), |

Associated shrubs located at moist localities include
Symphor icarpos oneophilious, Spirea betulifolia, Lonicera
utahensis, and Juniperus cémmunis. Spécies of Rubus, AP&ica,
Smilacina and ?oaceae as well as Mahonialnepens, and Mitella
nuda dominate the underétory. The more xeric localities.have
~similar species composition, but gfasses provide a greéter

portion of the cover area, and Balsamhorizza saggitata,
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Astragalus vexilliflexus, and Lupinus sericeus are important
species on'sdnny slopes. _

Iy

Utah Juniper-Blacksage

)

rd

Gyp Springs, Burnt Timber and Crooked Creek rockshelters are
all located at the lower elevations of the transect and

represent riants of the -Utah Juniper-Blacksage vege.ation
1

zone. Overall, the vegetation 1is sparse, dominated by
ddnipenus osteosperma, and several vVarietiés-) of Artemisia.
Binus flexilis 1is associated - at somé lbcalities, including
the Burnt Timber Rockshelter study site. Characteristic
drought-~adapted vegetation ‘inclddés ' Chrysothamnus
viscidiflorus, 'Atniplex ucohfentifolfa, Sarcobatus
vermiculatus, and Cercocarpus ledifol ius. The understory is
sparse, composed of lowg;owing‘speciesvandJCUShion plants.
Despite species similarity, there was greaf variety in
ﬁhe vegetation composition amdng the 3 study sites in thisv
zone. Burnt Timber Rockshelter site was 88% open, with 
graéses composing the majority of the understory vegetation
(44, 32). Chrysothamnus  constituted. (22; 6{ of the
Qegetation, with Antennaria rosea provid;ng (11, . Pinus
flexilis provided (45, 37, 60, 46) of the arboreal
vegetation, dJuniperus bSteOSpera figqring (64, 64, 40, 54).
The vegetation surroundiﬁg_'Crobked Creek Rockshelter
. site was surrounded by a vegé;atién 85% open-.  dunipePus

osteosperma domihatéd " the vegetation (17, 33) with

©
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associated Chrysothamnus  nauseosis (25, 14); Atriplex
confertifolia (717, 9). and Antbmis}a (8, 7). Oxytrqbﬁs
sericea (30, 8) and Antennaria pulcherrima (8, 8) were the
major herbs.

Vegetation arbund Gyp Springs Rockshelter site was 81% .
open, dominated by’dunipenus communis (7, 27), Artemisia
tridentata (20, 21), and Chpysotﬁamnus viscidiflorus (31,
8). Sarcobatus vermiculatus (4,'7),7'Atpiplex ‘confertifol ia
(6, 2), Rhus trilobata (3, 4), and Astnagéﬂus vexilliflexus
(9, 10) are associated species. Gyp Sp;ings Rockshelter
demonstrated more species diversity than the other stﬁdy

sites in this zone.
Vegetation Zones adjacent to Study Sites

All_the study siteé are situated in the vegetation zones
described above. A discussion of the other .=getation zones
shown in Fig., 3 is;peftinent to the understanding of the ;
other vegetative influgnces characterizing the regional
péilen rain component.vThe following aescription‘-summarize

e

the findings of South (1974).
Rock Outcrop-Forest

.Vegetation in this zone is sparse. Pseudotsuga menziesii and

Eal

Pinus flexilis are characteristic tree species, associated

with Juniperus scrophulorum. The understory is similar in
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composition to that found 1in the xeric variants of the

Douglas Fir zone: Rhus trilobata, Chrysothamnus nauseosis,
4

and Eriogonum chrysops are common, along- with species of

mustard and grass.

Mountain Grassland ‘.

\ .
Grasses are dominant in this zone, typically consisting of

bluegrasses, wheatgrasses, Idaho fescue, and needlegrass.
Forbs and shrubs 'are present according to available
moisture,v:exposure, and soil type. The common forbs include

lupine, balsamroot, geranium, and yarrow. "Shrubs include .

[

Artemesia tridentata and Potentilla fruticosa.

Streamside Hardwood

The Streamside Hardwoods‘zpne is rich and contains a variety
- of species variably.distributed with elevation. The dominant
sbecies along the streaﬁs include several species of
Populgé, Salix exigua, Betula occidentalis, Acer glabrum,
Alnus inéana, Prunus vinginiana, Cornus stdlonifena,
CPataegus douglasii, and Rosa Woodsii.

Sagebrush Grassland Zone

Théuveggtation in the Sagebrpsh Grassland zone 1is divided

intp two wvariants, reflecting species toIergnces to soil
\ | _
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fertility and moisture. The moist variant 1is a complex
community dominated by grasses and forbs. Artemisia and
Chrysothamnus are associated shrubs. The xeric variant

consists of Artemisia-Poaceae associations, with species of

Atriplex common in some localities.
Red Desert Salt Shrub Zone

Vegetation in the Red Deserf—Saiﬁ Shrub zone is sparse,
comprised of a scattered low ground cover. Several species
of Atriplex dominate the landscape, along with Artemisia
spinescens. Grasses, Chenopods, and Opuntia are associated

with this vegetation.
MODERN POLLEN RAIN

The vegetation surveys conducted 1in the Pryors show that
Pinus and Artemisia, twoh}otorious overproducers of pollen,
ére present locally in each vegetation zone containing cave
and roékshelter study sites. Thus it is not surprising that
most pollen assemblages collected in the Tauber traps and
from the surface samples are dominated by either Pinus .or
Artemisia. There are exceptions, however, which will be
discussed in the text.

On - occasion, the rarer, normally entomophillous pollen
twpes were found in signifiéént ‘quantities in the pollen
‘sample. Where possible, the insects found in the Tauber

S
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traps were identified to see if thy suggested contamination
of the airborne pollen assemblage by -insect borne pollen.
Contamination would be éuggested in céses where pollen of a
plant type utilized by an insect was found 1in association
with that 1insect. In no case did the cbrrelation occur;
Although the presence of insects in some of the traps
indicate insect borne pollen contamination méy have
occurred, from the data available it 1is impossible to
-evaluate the extent and type of bias exhibited by the
sample. Abpendix I shows that the majority of identifiable
insects are not sighted on flowers, and thus do not
immediately suggest poilen impo?tation.

The followiﬁgidiscussion refers to Fig. 2 (in pocket),
and Fig. ¢ (a simplified version of Fig. 2). In the text,
polien frequencies are rounded to the nearest whole number,
ana expressed using the convention below:

(A, B, C, D, E) where: A=Open Aif Trap
B=Lip Traé
C=Cave Trap
D=Open Air Surface Sample
E=Cave Floor Surface Sample

A slash denotes that there are 2 samples which £fill that

category (e.g., B/B; C/C etc,). For cave traps, the

frequency following the slash always denotes the trap placed

nearest the bacg'wall of the cave (In'the'discussion, cave

trap A describes the Tauber trap in the cave clésest‘ﬁo the

mouth, and cave trap B describes the Tauber trap nearest the



Figure &. Abbreviated Relative Percent Surface Sample
Pollen Diagram for Cave and. Rockshelter Sites,

Pryor Mountains, Montana
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back wall). An asterisk (*) indicates pollen freguencies of

less than 1%. Missing values are Hoted with a placeholder

(-).

Englemann Spruce-Alpine Fir Forest and Meadow

bf the five pollen aséemblages from Cowboy Bob Rockshelter,
‘three show similar compositions; Cave Tfap B, open air
surface sample, and cave floor surface samble (Fig. 4). The
open air trap and the cave trap (A), on the other hand,
provide . very different pollen assemblages. ﬁhereas Pinus
dominates the cave trap (B), open air surface sample, .and
cave flobr surface sample (27, -, 48/81, 72, 81), Artemisia

contributes a greater share of the polién in cave trap (A)

" and the open air trap (53, -, 34/6, 6, 4). Poaceae follows a -
similar pattern of distribution (7, -, 8/3, 2, 1). Picea (%,
=, 2/1, 3, 7) and Abies (-, -, -/%, 5, 4), which are the

dominant trees in the 1ocalmvegetation, are underrepresented
in all samples, although they appear to be slightly better

represented in surface samples within and outside the cave.

] .
i

Due to the dVerrepreséntation of Pinus and Artemisia,
other taxa do not demonstratelsignificant variation between
samples. Obsefved differences. in the AP/NAP. ratios in the
suite of samples from Cowbqy Bob largely reflects the ratio
of Pinus to Artemisia.

The pollen spectra derived from samples from Ca&e Ann

are unlike those from Cowboy Bob Rockshelter. Overall, they

. -
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are marked by. lower frequencies of Pinus, and higher
frequencies of herbaceous taxa. Pinus values do not exceed
61% in any sample (26, 49, 23/31, 61, 29).

Unlike CoQboy Bob Réckshelter, high Artemisia
frequencies (31, 2, 10/5, 1, 1) do not account for the
lower Pinus frequencies. Instead, samples from 1inside - Cave
Ann are characterized by Strong representation of Asteraceae
pollen; ffequencies ranging betwéen 24—50%.of the total. The
majority of Asteraceae pollen were high spine graiﬁs of the
Tribe Tubuliflorae (2, 16, 42/37, 4, 45). Tave pollen
samples.‘ also demonstrate relatively high wvalues of
Caryophyllaceae (1, 4, 10/6, *, 8) and Polygonaceae (x, 2,
5/3, 1, 9). Taxa within the Fabaceae family were strongly
represented in the bpen air trap (32, 2, 1/4, =*, 4),
J Oxytropis contributing 21% of "'the total in that sahple. All
samples from this site, demonstrate frequen;ies under 3% for
both Poaceae (*, 3, 2/1, 1, 1) and Cheno~Ams (pollen of
either Chenépédiaceae or Amaranthaceae) (3, 1, 1/1, 2, x).

In Cave Ann, Picea (1, 5, 2/3, 13, H) and Abijes (1, 3,
*/1, 4x%) frequéncies are low, an exceptibn being the open
air surface sample. Strong Picea representation in this
© sample likely reflects its proximity to a Picea engelmanni.i

stand.
Douglas Fir Forest

At Cave 1 West, the surface samples are both characterized
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by Pinus frequencies of greater than 80% (44, 38, 33, 88,
85). However, percentages differ signifiéantly between the
surface samples for Picea (1, =*, x, 3, 11). Abies is
observed only in the surface samples (0, 0, 0, %, 1) but it
represents a Iong distance component. The open air trap, lip
trap and cave trap are all characterized by higher wvalues
than the surface samples; Artemisia (14, 23, 41, 2, 1);
Poaceae (17, 10, 7, 2, 1) and Cheno-Ams (8, 5, 8, 4, 1).
.Frequencies of minor herbaceous taxa are greater for the
trapped samples than the surface samples, and have slightly
higher percentages for the lip and cave traps than for the
open.aig trap. The lip trap has a higher percentage of
Campanulaceae (0, 2, =, O, Q) Apiaceae (*x, 12, x, 0, 0).
Trapped samples provide higher percentages of both high
spine (j, 5, 2, %, 0), and low spine Tubuliflofeae (¢, .2, 4,
x, 0) than the surface samples. |

Like Cave 1 West, the surface samples at Cave 2 West .
provide poilen assemblages that closely resemble each other.
Both sampies have Pinus frequencies exceeding 70% (54,736,

, 75, 70). Picea iis well represented in both surface

*
samples (0, .1, -, 10, 8). The cave floor surface sample
contains 4% Abies (1, 0, -, *, 4). While shrubs and herbs

‘are equally well repfesented in the surfacgt samples,
siénificant variatibn is. expressed between the trapped
samples. Artemisia (17, 25, -, 8, 8); Poaceae (3, 17, -, 1,
2); and Cheﬁo-Ams (3, 8, -, 4, 2) have greater frequenéies

for the 1lip trap, while Apiaceae (mostly Bupleurum type)
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contributes 20% of the pollen in the open air trap (20, 1,
—; 0, *). |

The pollen spectra at CAve 3 West is distinguished from
other sites by relatively low percentages of Pinus (34, 42,
22, -, -), moderate percentages of Artemisia (16, 19, 24, -,
-), Poaceae (8, 19, 10, -, -) and Chenoc-Ams (5, 6, 7, {, -);
and high percentages of taxa within the Rosacea family (9,
3, 22, -, =). In the cave trap, the Rosaceae family is
largely represented by Sanguisorba ana Spirea tybes. The
polien assemblage from the open air trap has a high
percentage - of Apiaceae. (21, 0, 1, -, -) .pollen.
Campanulaceae (0, 0, 4, -, -) is found 1in the cave trap,
.contributing 4% of the total pollen 1in this sampie.
Asteraceae contributes 8% of the pollen in the 'cave trap,
primarily high spine varieties of the Tribe Tubul iflorae (1,
1, 6, -, -).

The samples from Cave 1 East provide a ;eries of very
different pollen.records. Pinus frequencies vary from 30-82%
(47, 30, -, 82, 45). Picea remains low, totalling 3% of the
open.air surface sample (1, %, -, 3, 2). The greateét va:ia—
tion observed among the sﬁrub and herb bollen was in the
Cheno-Ams, which ranges from 1-45% (5,‘ 45, -, 1, 11).
Variability 1is often great among the/mgjor NAP components;
Artemisia (24, 13, -, 6, 12), and Poaceae (13, 8, -, 1, 5).
- The cave floor surface sample is characterized by a strong
representation of'minor herbaceous components: fréquencies

of one percent or greater were recovered-for Campanulaceae;

| T
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Ligulifiorae, 1Iva xanthiflora type, Fabaceae, Polygonaceae,
and Apiaceae. In addition, a variety of other herbs wefe
vféund in trace guantities (Fig. 4).

Samples from Cave 2 East also provide a variable pollen
record. The cave floor surface sample (b), and the open air
surface sample provide very high frequencies of Pinyé (58,
44, 56, 90, 28/88), and concomitantly low frequencies of
Artemisia (10, 42, 19, 1, 48/3). The lip trap?and cave floor
surface sample (a), w::ch have values for Artemisia in
excess of 40%, also have similar values.for‘Poaceae (12, 4,
10, 2, 7/1) and Cheno-Ams (4, 5, 5? 2, 5/1). Picea (1, *, 1,
2, 1/5) and Abijes (*, 0, *, 3, x/1) are best represented in
the surface‘ samples; -and locally abundant Acer glabrum is
relatively well represented in the cave floor surface sample
(b (%, 0, =x, 2, 1/5). The7open air trap contained 10%>
Asteraceae grains;‘predominantly High Spine varieties of the
Tribe Tubuliflorae (8, 3, 4, x, 4/%)

The open air pollén trap at Bobcat Rockshelter was
conﬁamigatgd by many insects, including wasps, which
accounts fqr the high NAP frequencies derived from this-
sample, The pollen assemblage was dominated by
Symphor icarpos (43%), a locally qbundanf_shrub. As a result,

. N .
Pinus fregeuncies for Bobcat Rockshelter ranged from 3-77%

(3, 45, -, 77, 64). The lip trap differed from the surface
X

samples in higher values of Artemisia (9, 22, -, 5, 17) and

Pdaceae (3, 15, =, 1, 3). Insect contamination 1is apparent

iﬁ ‘the high values of Rosaceae (6, *, -, 0, 1), High Spine



Tubuliflorae (16, 1, -, 1, 1) wnd Alljum (15, 0, -, 0, 0),
f;und in the open air trap. ‘

Skylight Cave has two entrances, so open air traps and
surface samples were positioned 10m in front of the cave
mouth for both the south and east openings (Fig. 5). These
open air surface samples have similar Pjnus freguencies and
are higher than the other s mples, exceeding 80% (57/34, -,
42, 8f/87, -); note: cave floor surface samples will be
discussed separately in this section). The constraint posed
by high Pinus in these open"éir surface samples causes the
other major taxa to covary within 3% of each other (Fig. 4).

The cave traps have greater frequencies of “Artemisia
(12/10, -, 25, 4/1, =) and Cheno-Ams (4/4, -, 7, 2/1, =)
than the open air traps. Poaceae‘ frequehcies are similar
between the trap samples (13/15, -, 15, 2/3), but the open
air traps have conspicuously high values of minor herb taxa.
The open air trap (b) has Rosaceae pollen (Sanguisorba type)
dominating the NAP component (0/21, -, 1, */0). Open air
trap (a) has 8% Apiaceae pollen (8/1, -, %, 0/1).

Among the cave floor surface samples (Fig. 4) Pinus
frequencies vary within the range established by the open
air samples from 39;57% (51/55/39/57/55/17 -- samples A, B,
C, D, E, Fecal, respectively). The léng distance component,
Abies, reaches 5% in sample E (1/2/%/3/5/0). The fecal

'fm%t' which- has ' a low frequency of. Pjnus, has
.dingly high Artemisia yaiues (27/22/22/15/16/40) .

-(9/8/6/4/3/6) and Cheno-Am (6/5/9/4/6/6) frequencies
9 . |
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Figure 5. Location o¢f Sediment Samples, Cave Trap, and

Vegetation Within Skylight Cave (Plan View)
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show iittle jﬁ;jation between samples; Caryophyllaceae
(1/2/2/2/*/3) S;;ébbatus (x/1/2/2/%/3). A 'wide“variety of
minor ﬁerbs are’ well }epfesented overall amdhg the cave
floor surface samples, but frequencies are génerqlly greater
by 1-3% in the‘ﬁecal<§ample‘kF1g. 2).

2

Utah Juniper-Blacksage Desert

Despite the open nature "of the wvegetation from the

Utah-Juniper Blacksage sit#s. Pinus 1s. & major
“ cerdt ’ KRR T
o

%Emponent of
the pollen rain in all samples. ' .,'-wQ}*;@f¢g

3 PR

At tthCrphkéd Creek Rockshelger,‘remarkab}egéi5giarityv
is exp;essed .beéweén 'aii‘"samples; ‘except gh%;jépen air
surface sample. This last sample has a cbnspiéﬁyu;ly high
frequenéy of binUS (42, 30, 30;m70, 32). The brown coler and
abraded.cdﬁdition‘of Pinus grains“ih this  sample suggest
that- this peak reflects a taphonomic factor rather than 4
samplipg bias. It is‘hypofhegized that 'polleniRﬁfoﬁ“ years
pas£ become reairbofne when the wind disturbs’tﬁe lodse
‘éandy substrate and these réand-abraded ~grains enrich the
surface sample§. - : - - . |

Tﬁe cave floor surface sample distinguishes ;Z}elf from
the other samples in its low percentage of Artemisia (32, =
34, 372 4, 15) - and Poaceae (7, 4,‘ 5 2, 25 and higﬁd
berceétage of Cheno-Ams (14, 7, 13, 7, 29); Sample§ from
inside the rbckshelter.ove;all demonstrate better represen-

tation of nonarboreal (axa, . thé bulk of.thefdifferenée

ok
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resplting from the ° high pgrcentage of hiéh spine
Tubul if lorae in this sample (0, 18, 7, 3, 8).

At Burnt Timber Rockshelter, the two moét similar -
samples are the surface samples.’The highly abraded exine of
the P;hus specimens once again suggests that  the high
frequencies of Pinus are due to redeposition of the pasf
season's Pjnus grains by wind. Pinus frequencies vary from
- 48-84% (48, 65,‘53, 84, 82). For the other. taxa Qbserved
among the surface samples, perceﬁtages§gome withjn 1% of
each other,‘exceptiﬁé low spine Tubulif]oraé:(4; 7, 8, 1, 4)
and Polygonaceae“(1, 1, %, 4, *), whicQ_va;y 3—4%. |

Thevlip trap is iessvsimilar to the open air and cavg

trap than they are to each other. The high va%ue of Pinus in

the lip sample constrains the percentage of Artemisia (20,

13, 21, 5, 6). ¥ . most of the other major taxa, fréquencies .

come within a few percent of eaqh other. Cheno-Ams (9, 8, 6,

2, 3) and Poaceae (3, 3, 4,l1, x) are the other major ﬁolleﬁ

t}pes in-these assemblages. \ .
Tbepryp' Springs Rockshelter provides a more variable

pollen'spéétra. Pinus frequencies range from 22-69% (27, -,

22/69, 55, 60). Low frequencies for Pinus in the open air

trap is accounted for by a higH percentage of Artemisia (49,

i

r
v

percentage cf Cheno-Am pollen (10, -, 23/9, 8, 11). Poaceaé‘“‘
®, -,-5/1, 1, 4), Caryophyllaceae (0, -, 2/%, 0, 0),
Asteraéeae (7, -, 9/5, .3, 2), and Sarcobatus-(x, -, 8/3, 24~

L&

- 27/, ]SZ: 12), and in the cave trap (a) by a higbg

.
e
&

e

N

s

ay

PR

L2
[

~ 5) are slightly better represented in~th ~ave trap (a) as

L]
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well. Long distance components Picea (0, -, 0/0, 10, 3) ang

Abies (0, -, 0/0, 2, 2) were observed only in the surface

samples.

'
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£
ANALYSIS

Relationship Between Pollen Rain and Local .Vegetation

wo.

; : ' o e
The dendrogram (Fig. 6) presents the results of the clister
. ) , . R ra
analysis, and the degree of similarity exhibited
samples from each site and vegetative zone. Cluster analyses

applied to surface sample data have recognized gross

vegetation zones in ~other studies (e.g., Birks, 1973),

however, in this study, sorting by vegetation zone was not

evident. The samples from the.Sub:Alpine‘pléteaﬁi Douglas
. L. .

Fir forest and the Utah(launiﬁer—B%acksage zones seem

randomly distributed throughout the dendrogram.

On the other hand,'fhe clusters recognize the samples

derived from Tauber traps and surface sediments as discrete
groups. This reflects the fact that Tauber traps and sedi-

ment samples are not strictly comparable. Whereas the Tauber

traps in this experiment sampled a single season's wind

transperted pollen, the lelen éssemblages from sediment

samples represented several seasons's pollen rain (net

avergging‘ effecg) derived ‘f;om awffééggfy of transport

com: ne -~z (Tauber, 1967) and subjeéﬁ%gﬁéto oxidative and
PRy

mechanical exine degradation processes. In the Pryor

‘Mountains, the net efféct of these variables caused the sed-

S
iment :samples-to contain higher percentages of. pine polken,

. L ) _'—v"‘ L,c.no\
and lower percentages of Artemisia, .Poaceae, ChenéfAm iﬁﬁﬂd‘

other NAP. The surface samples which clustered among. the

»

A~y

between

7 v



Figure 6.

Results of Cluster), Analysis  (Wards, 1963)
Between Contemporaneous Pollen Assemblages from
Cave and Rockshelter Sites Located in Three

Vegetation Zones, Pryor Mountains, Montana
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Tauber trap samples all contained less Pinus pollen and
greater frequencies of NAP,
Two study sites provided pollen samples that clustered
. : .
as a discrete group. Of these, Cave Ann is statistically the

most unique. This is a function of the high percentage of

/

herb pollen, especiélly Asteraceae pollen, found in.the Cave

Lo d

traps.

The most internally consistent locality is Burnt Timber

Rockshelter, where all sambles except the open air surface -

sample cluster together. The open air surface sample was
diétinguished ay low values df Aste€raceae pollen, and higher
ﬁolygonaceae'pe;centages fhan'the other samples ‘from this
site. v

The dendrogram indicates that the pollen aésehblages
recovefed -from the three ecological zones in this.study.are
not sufficiehtly dissimilar to reflect the distinct
vegetation zoﬁes Observed oﬁ the landscape. Thisxiack of
resolution can bg attrgbuted to (1) the predominance in each.

NG

. . ) ’ -4
zone of arboreal species that are notoriously unrepresented

in the pollen rain (Piceé, Abies,'_'dunipenus, ahdg

'bseudotsuga), and, (2) the local presence of ovérproducefs (
.Pinus and gptemisié). | : |
Although Pjnus dominates the vegetation landscape at
only one locality (Burnt Timber‘Rockshelter); aqd Artemisia
figu%es as é minor vegetation component ' (less than 2%
dominance)'at all sites except the Crooked Creek Rockshelter

and Gyp Springs Rockshelter, Pjinus and Artemesia species

L
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Qere at least minimally present in each zone. In the Douglas
Fir forest, species of Artemisia (predominantly A.
tridentata) were observed on southern exposures and ‘sunny
.slopes, accompanied by isdlated,occurences of Pinus fle;ilis
and dJunfiperus scrophulorum. Artemisia was an import;nt
consitituant of the Subalpine Plateau and Forest-Meadow, in
the wvalley recesses and. on slopes. With fewbexceptions,
(cave samples, Cave Ann; lip trap, Cave 1 East; cave floor
surface sample, Crooked/ Creek Rockshelter) thesé two taxa

dominate the pollen spectra from each site.

Fig. 7 presents schematically the relationship between -

the pollen ;ain and tﬁe density, dominance and frequency
values observed in the veéetation surrounding the cave study
sites, Cavé traps from Cave‘Anh'were the only samples where
Pinus frequencijes approximate the density or dominance of
"Pinus in the field, however, these depressed Pine values

reflect the high incidence of Asteraceae pollen in these

Al

samples.

Pollen frequencies for dunipﬁgus are guite low at all
sites. While other studiés have shown Cupressaceae.®ollen to
have good areal influx and dis%ersal (McLennon, 1981; Ebell
and.Schmiét, 1964), Juniperus fréquencies from all samples
in this study are ;ow, (under 5%). Rollgn surface samples
from the:Bighorn Mouﬁtains, to the southé;st, reported by

Birkhart (1976), are as low as those repofted here.

One possible explanation for the 1low freguencies of.

Cupres$aceae polien in pollen traps may be. that”large_

o v



__Figure 7. Relationship Between Pollen Rain and Local Tree

Composition
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amounts  of the past season's pollen maykggave‘ been
reintroduced into the air by wind blowing .the\ loose
substrate. This suggestion was also advanced - to explain the
degraded condition of Pinus grains from the desert sites. It
is suspected that, due to its aerodynamic struéturen Pinus
1s seléctively resuspended by wind, due to the fresher ap-
pearanee' of grains of other taxa. If this is the case,
reintroduced Pinus would deprese the frequencies of other
pollen types,‘ pafticularly those such as Jun iperus, which
are highly susceptible to degradation, and less’ likely to
sustain a season's weathering. |
Picea and Abies frequencies are as high in some samples
from the desert localities as they are in the Picea
engelmannii-Abies lasiocarpa "f-orest”. * Picea and Abies

frequencies reported here from subalpine ITcalities corre-

. spond to frequencies for Picea (2-4%) and Abies (0§4%)“

+

encountered by Birkhart: (1976) in subalpine”lpcalities‘in

“the Bighbrns.‘ T o T

~ At sites within the Douglas Fir Forest, Picea pollen is
underrepreseneed'in all pollen~traps, although Picea pollen
from sediment samples_tend to be representative of the zonal
a&e;age.in the vegetation (Fié. ‘7). Picea  freguencies in
this study are similar to those reperted‘éirkhart (1976) for
Douglas Eir forest sampies in the Bighorns. v
' The freégquencies of PseudétSuga reported here are lower

than those found by Birkhart (1976). Birkhart's samp.es were

also collected 1in Pseudotsuga stands, and yielded high
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percentages of -Pseudotsuga pollen (12-23%). Wright (1967)

found that - Pseudotsdga pollen deposition falls to

i

ineignificant levels within 20m of the source. Low pollen
production as well ias great susceptibility to corrosion
{Baker, 1976) contribute to ite low incidence in the pollen
‘record. While trace quantities of Pseudotsuga pollen have
been rebortedffrom Pseudotsuga sites (Baker, 1976; McLennbn,
-1981; McAndrews and Wright, 1960); it is likely thé' low
frequencies reported here 'are augmented by the stringent
critef@gﬁimposed upon Pseudotsuga identifications in this
study (eee methodology section). Baker (1976) noted that the
majority of Pseudotsuga grains in. his study were found
folded and bfoken, whereas here only Pseudotsuga grains in a
fresh condition were counted. N

From F15n',7, it, is clear that the vegetational

\ |
O'1t1on t e plant commgnltles observed in the ‘Pryor .

] 'A)ﬁ} :
Mountal;gxiife not reflected by the pollen assemblages..

Although other studies of plant communities situated on an
altitudinal gradient have produced. pollen records that are
sufficiently dissimilar to enable their recognition enl)the
basis of their poiien assemblage (cf. Maher, 1963),;the
species dominaﬁingvthe veriou; vegetation zones in the-Pryoe
Mountains are poorly represented in the polleh rain,

In the absence of vegetation data the community ana-
logue, or comparative epproach' (Wright,' 1967) to interf”

preting pollen assemblages would not provide an accurate

picture of the ’vegetation in the Pryors. However, an
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autecological, or, indicator-species approacﬁ (Birks and
Birks, 1980) to the data would provide some insightlto 'past
vegetation composition. Some general trends are obéerved in
the pollen record from the three vegetation zones. |
Both Cowboy Bob Rockshelter and Cave Ann, located in
the subalpine meadéw wi;h interspersed stands of Abijes
iasiocarpa-Ficea engelmannii, are characte'rized‘by ‘higher
values of Caryophyllaceae, Polygonaceae (including Poiygon&m
bistorta, P. histortcides, and EriOgonum),,Védd T ower
iy : » & .
percegf;ges of Chenc-Ams than those samples derivedHZrom the
Dogélas Fir Forest or the Utah. Juniper—BlackSage zone,
Samples trom the Douglas Fir zone are tge only samples which
contain v pollen of  Acer glabrum, Cornus stollonifer*a,I
Symphor*iz:ar'pos, Srirea, Ribes, Shebher'dia, Smilacina, Rubus,
-nd éthef woodland taxa all of which were located growing
locally)ih the e¢6logicai‘survey (Table 3). Interestingiéﬁ
pollen from Afceuthobium, a parasitic plant oécuring in

épruce forésts, was found at Crooked Creek "Rockshelter in

the Utah Juniper-Blacksage Zone, where no Picea are to be

found. o A{

N

At - the desert localities, Sarcobatus percentages'ﬁere
higher than found at most other chalities. Opuntja .pdllen
occurred in "samples. from the Utah-Juniper Blacksage zone
more frquently than at other sites: it was observed only in
cave floor surface gampleS‘at Skylight Rockshelter..

3

Patternihg in the Cave Samples
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One goal of this study was to determine whether'the samples

from the Pryor Monntains would reveal consistent biases

unigque to pollen assemblages derived trom caves. :Pollen

records from Paleolithic cave sites often demonstrate high

NAP percentages, for which no suitabie analogue has been

found among modern pollen 'studies of contemporary
“'lendscapes. 'This has led to the development of the
%»@ezégypothesis'held by some researchers‘(cf.Leroi-Gourhan 1965
Couteaux, 1977), that cave derived pollen assemblages
consistently overrepresent nonarboreal pollen,

The samples from_Athe Pryor Mountain caves and
rockshelters- do not show any consistent bias toward NAP.‘AS
discpssed. in the previous section, somefgCaQe samples
_demonstfate higthAP_percentages.(such as Cege Ann, Crooked
Creek Rockshelter), but other cave traps produced the
highest AP percentages of their suite of samples (cave trap
(b), Gyp Springs Rockshelter: cave trapsrésg and (b), Cowboy
Bob- Rockshelter) 1 a ) y g ' |

Bui-Thi-Mai (1974) discovered that at Abri‘MVanrey,

light, aerodynamic pollenvgrains are better represented in
- samples et the rear of the cave. Comparisons of Pinus
freguencies between cave traps (a) and (b)}at Cowboy Bob
Rockshelter,_céve Ann, ané G,p Sprinos Rockehelter also
demonstrate this pattern. .icwever, the lip traps which are
located inside the cave .ut within 50cm of the mouth dot not
reflect this trend. Among the cave floor and surface samples

# no trend' is apparent in the AP/NAP composition  of
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assemblages. T ' : : .
‘JJ ;

‘At Cowboy Bob Rockshelter, Cave 1 West, Cave 2 East,

) .. and Burnt'Timber Rockshelter, the cave floor surface sample

exhibits the greatest arboreal representét1on obserued among

‘ '.‘ " the suite of samples from.each of these_ sites. Cave floor
_ surface samples from ‘Came'ﬁ East‘(a and Cave Ann had the S
“f .ji lowest arboreal representatlon of- the su1te of samples from | H
SO these localities. - 'f{f' | “Q#w ot W

et
.

Sediment ‘samples within caves represeﬁiyqfﬁef type of e

sample used in a*cheologlcal pollen a@aly51s, and compaalsOn\V@?

5 . - . R N

: o ‘ N
~of the samples from Skyllght Cave (Fig _Y eluc1dates * the

problems fac1ng paleoenv1ronmental 1nt rpretatlon “of pollen'

a

samples from cave sedlments. whlle thea sedlment ~Sample5~
oou : g ' "y o

recovered from the cave fall W1th1n the range of valuesﬁﬂf .
- ' S S s
established by the outside traps ffor tha. taxa Plnus and " 7

Artemisia;, Poaceae 4frequenciesf:range from 3—9% for. cave.

tfloor surface:samples{ whereas the frequenc1es‘ from pollen .
ltraps ,cluster between 13—15%,“ Amono ‘the surfacelsamples

. derived from inside the cave: Picea values rangé twidely,
from under }%—l6%.lThe occurence of Ables, too, raqges lrom“

-4%.

5 N L. . s

S " overall, Pinus freQueﬁcies from surface samples are

higher than those from pollen tneps. Th1s probably reflects "
_"the cumulatlve overrepresentatlgm fi “plne, ano ~its ” ‘
| o subsequent restralnt 4an “the ., appearance of'“other ”axaf,'*.." 2

vpartlcularly ;t e suseptible to. ox1dation This ploces§)‘\

C A wOu’d produce a net averaglna effect on the sample

. ' -
Lo 1

~
»

- b al
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Agencies of Pollen Influx into Caves

g

‘l

‘Janssen (1966) and Tauber (1965, 1967) are primarily

Lresoon51ble for developlng a model of pollen transport and

representatlon Jacobson' and Bradshaw (1981) synthesize
O A . i

these ideas to'p;odUce‘a modeﬁ of'pollen transport to lake

sites add1ng the addltlonal component of grav1ty controlled

vertlcal dry dep051tlon of pollen and pollen bearlno plant

t

‘remalns “‘onto. the sampllng 51te. U51ng Janssen S (1966) and
Tauber s (1965) orlg;nal termlnology, they deflnel'reglon:l%
~pollen, ra1n a"gthat derived from grains transported.by)

rainfall(Cr) and above the canopy (Cc),’ extralocal pollen

rain as. transported through trunkspace (Ct) surface*runoff_

&

(Cw) and above the canopy (Cc) andwlocal- pollen ~rain’ as -

/«t

transported by grav1ty (Cg) surface runof f (Cw) “and. ﬁvpnk

f

b . - . . . A,'.‘ 2

All pollen sampllng 51tes reflect these portlons Qf the

..

_pollen ra1n to some degree. However, the domlnant 1nfluence

"

'ﬂ.of one or more of these components results. from the comblned

]

effects of enV1ronmental facto:s 1ncludgng sazéq of ~51te

1

topograph1c, p051tlon preva111ng w1nds t?pe of vegetat1on.

‘surroundlng the 51te, presence of 1nflow1ng streams or other

sources of long dlstance pqllen ~and so on.

‘\

Cave dep051ts are-'sdbject'(to‘ a different suite' of

L

pollen transport components than lakes .bogs and open air

A

rainfafl (Cr) plays an insignificant role in transporting

71

- sites “(Elg; '8). Because. cave depOSLts are protectéd,,.
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Lol

pollen, except near the cave mouth. Secondly, restricted
wind“access to these depoéits constrains the depoS@tion .of
the airborne pollen travelllng through the trun%@pace (ct) "
or above the canopy (Cc). Windborne pollen must ‘'be carried
into the cave entrance by air-currents,” and subjected to
turbulence and“eddies which can cause differential pollen
deposition across the cave surface (Bui-Thi-Mai, 1974). |
The presence of snow drifts .in 'or near ~ the cave
entrance will also cause dlfferentlal pollen de9051t10n
Pollen and other poéitivelyn cr: ged alrborneff organlc'

’

iparticles tend to be deposited on wet rock surfaces or

LN

_mineral soil which are either uncharéed, or demonstrate a
net .negat1ve charée’ (Benn1nghoff and Benninghoff, l982)

Meltlng snow in cortact wlthjthe soil or bedrock through its
meltwater would thus attract pollen through its net negatlve

" charge, whereas cold dry snow and ice stand a poor chance of
' , N 3 _
collecting pollen as.:they ragresent a poor electrical

‘ground. In cases where snowdrifts block the cave ‘entrance

for ® all” or part’.of'.the " pollenation season, thé net

ge of the snowdrlft as determlned by its wet

«

electribal.chv
1 Y& .
or kdry'it" ion. can flgure s;gﬁlflcantly in the ult;mate

. t

collect'on of ’ pollen in the cave sedlment Th1s chatracteris-

.

N L@ @ " . °
tic gené{atés‘ the hypothes1s that perlodic freezing and
thawing of snowdrlfts could bias the pollen _assembIage'

E derived - from snowdrift meltwater'.toward'wthose génera

"'vpollenatlng dur1ng warmer temperatures uhen ,the snowdrift

"was meltlng and exh1b1t1ng a net negatlve charge.
fﬁ' , S o s e
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Influx data collected from cave and rockshelter sites
in the Pryors confirm that the mechanisms by which
anemophillous pollen enters caves 1s §ubstant1ally dlfferent
“than those_ wh1ch operate on open air sites. For each
flocality where pollen influx data were available, pollen
Ehflpx was lower for traps located inside the pave, than
‘fthosejrfn»‘the open air sites tTable 5). fhis corroborate's ™
f}&d%&Thi-Mai's’ (1974) suggestion that, ‘at  Abri Vaufrey,
pollen dep051tlon decreases with cave oepth

‘As indicated in Fig. 8, deposits located near the cave

mouth - are. subjected to a wide variety of transport

oy . M

components, 1nclud1ng gravity (cg) and surface runoff (Cw).
In m$§£7 cases, it would ‘be expected.that dir turbulence
would be greatest at the'opening of the cave, which would
also *contribute “to uneven pollen dep051tlon Pollen influx
rates from the 11p traps vary dramat1cally, and dquﬁstrate
the complex1ty of pollen deposition around-cave”openlngs
(Table 5). At Cave 3 Westf the 1lip trap contained more
pollen (4350 grains/cm’/yr) than either the open’air trap
:(4268 gralns/cm’/yr) or the cave trap (2528 gralns/cm /yn)
The lip trap from Cave 2 East, on the otH%r hand, contained
less'pollen‘(90l grains/Ch’/yr): than the other t2“ traps

(cave: 1238 grains/cm‘/yr' open air- 12,862 gralns/cm‘/yr)

LA

At ‘tHe Crooked Greek Rockshelter, ‘and. Cave 1. West* pollen:
influx into “the lip trap (2896 and 1400 gralns/cm’/yr
respectryely) was less than the open alrutrap (4199 and 3753

gra;ns/cm /yr), but more than the cave trap (1456 and.855

-



Table 5
: B .
Absolute Influx by Cave or Rockshelter Site, grains/cm/yr

site ’ cave trap lip trap open air trap
Gyp Springs Shelter 11861 - o
. 4965 : ) s
Crooked Creek Rockshelter 1456 2896 ' .4198 -
Cowboy Bob Rockshelter 319 . 38586
Cave { East . : 6043 7392
' Cave 2 East- : . 1238 901 12862
. Cave 1 West N . 855 1400
g Cave 2 West ' . B 318
Cave 3 West Y. 2528 4350
Bobcat Rockshelter 3374
Skylight Rockshertter 2720 )
& -
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minor,

' excluded from the pollen sum. Exclusion of- ff&@

'elements from open air samples is a compllcated pr08€%%¢' i

‘characterlstlcally support a2 concentration of the herba{%oms.
dtelements present in the regional vegetat1on (Cubbon 1976
ffnffthis' study, ’sugyeys of the‘ vegetatlon- 1mmediateLy
dprox1mateu to, the ‘aVe mouth, and‘ inside the drip‘line>

b_prpduded plants whlch ‘were relatively abundant in the

u‘pioipgiqél Agencies , . -

- s . :
B TEe Reaet o qr “ . e,
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grains/cm?/yr).
Two ‘pddltlonal vectors of pollen ttansport play

potentlally significant roles -in forming the fossil pollen
S

assemblage. These are bfological activity (Cb) and

anthropogenic 'activity (Ce); The role played by a third
tfanspbrt component, water percolation (Cp), has not been’
established‘ empirically. While @pollen have been found in
suspension in ground | water  (Horowitz, ’1980), its

contribution to the pollen assemblage in caves is probably

In terms of pollen analysis, the vegetatién surrounding
caves poses problems more similar to the case for ‘dpen air

sites, than the case for lakes and bogs. At iékes and -bogs,

_the local vegetation belongs to a. restrlcted &env1ronmenta149
' ' ‘ ‘ RS R A A
tolerance range, and is thus both readily defaned;; d;EQ;gleiv

.

modern samples (cf. Janssen, 1981), and impossible in fi /fiﬁ

assemblages.}The same is true for cave 51tes Cave ent%fnd§54

Ay

transqu,su:veysj(see Table’4).
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Animals have the potential to import pollen on their feet

: ' g
and fur,- as well as through their feces. Pollen found #4n -

feces represent both intentional and unintentional intake of

‘plafit  substances (Aikens, 1870). In recognizing the

potential importance of pollen derived from animal waste to .
fossil assemblages, several researchers have conducted

analyses of . coprolites to. determine their potential

contribution to fossil ‘pollenv assemblages (cf. Draxler,

1972; Van Zinden Bakker, 1982).

- In ‘the Pfyoré, analysis _of Neotoma drbiﬁﬁngs from
Skylight Cave produced equivacal resultsu (seehiFig. 2).
Pollen wag no more abundantuin the Neofoma droppings ;han ih
an equal volume of sediment. Afboreal'pollen was qﬁite low,
uhder 20%;'ahd AﬁtemiSIa was high,;exceeding 40%; The fépre—

sentation of minor nonarboreal taxa was only slightly higher

(1-3%) than the other cave floor. surface samples from this

~

site. . & " e . w0 ;
&3 - ¢ v \ :
A case can betmade that degradgfion of feces may play a
. 5 .

U ; g : T
role’ in contributing to the pollen assemblage. Multiple-taxa

"pollen aég;omefates have been observed Both in the fecal

samples and in sediment samples (Plate Q). Becaue these
pollen agglomer@hes were “abundant in the fecal sample,
somewhat abundant in some sediment samples and never

observed . in assemblages from pollen traps (see Appendix 2),

 fitf§ppea{g:that the agglomerates are originéilxﬁgg;i»edf£:Q3\

feces.



Plate .4,

Multiple Species Pollen Agglomerates. Note

Artemesia, Sarcobatus, and Pinus. Cave floor

sediment sample,-ﬁurnt Timber Rockshelter

“
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Table 6 produces an analysis of the taxa composition of
pollen agglomerates from the Burnt Tlmber Rockshelter sedi;
ment sample Overall, these' agglomerates‘ldemonstrate" a
herbaceous bias, however it'is -difficult- to. eValuate they
contribution of pollen grains orlg1nally from agglomerates

"to the total pollen assemblage
The potential 1mportance‘pf coprolitedremains to fossil
. pollen assemblages‘ seems less equivocal.’ Analysis Cof
'Plelstocene sediments: from Hohlen Stein' Cave, Schambach'
Valley, WeSt é;rmany was- undertaken by the author as, part of

thls progect Out of 72.samples processed and counted, only

i3 samples ylelded greater than 50 grains. In . two 'of the

:gthree 'po111n1ferous samples. contalned fecal materlal Oneﬂ

enrlched ‘with _-coprolites_ of ‘Ursus spelaeus, ' \was-
characterg@ed .with high values: of Poaceae, TubullfloAae,
5Lfdulifloraé,Jand Apiaceae- (fig 9) Samples conta1d1ng'
. Uﬁsus Spelaeus 'coprolltes, analyzed by Draxler (1973) had
| h1gh frequenc1es€'of Dipsicaceae and Caryophyllaceae ln
addition to these taxa. The sample enrlched w1th Hyena
"coprolites, 'and,wthe“jsample containing no ev1dence of
.enrichment,'yielded high frequencies of Betula. |
. - .

As a comparlson the<dsporadicm"pollen found in the

remalnlng 69 samples were identified and are graphed
4 \ ‘g

alongSIde the three poll1n%erous samples. The lack of pollen?

in the other samplesﬂ'clearly demonstrates that pollen

A

brought 1n by anlmals can in certaan cases, contr1bute~

‘e
v

very - s1gn1f1cant? portlon ,of' the-_cave der1ved poll%ﬁ

» . . o 1
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Figure 9. Compariéon of Pollen Composition of Cave Bear

Coprolite, Hyaena Coprolite, 'and Unenriched 7

t

Sediment Samples from Hohlen Stein, Schambach

Valley, West Germany
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assemblage.

AIt is possible that biological vectors of pollen

Is

importation into caves.are relatively morc important'to the
fofmation of fossil assemblages than to iodern ones.. There
have been no'experimental studies on pollen preser‘btion in
caves, although- pollen 1is notoriously sparse in cave
deposits, and frequently pgzrly preserved. If the cave is
formed in carbonate rock, the poor preservatioﬁ of pollen in
alkaline environments due to oxidat on and fungal attack
(Havinga, 1968), and extensive exposure to weathering due to
slow rates of sedimentation could contribute to this
phenomena. If thege processes destroy all but the most
resistant pollen, and coprolites constitute a more favorable
environment to pollen preservation, the biological vector
could play a very significant role in the formation of the
thanatacoenosis. |

In a sample of modern hyaena feces, Krguk (1976) found
éhat célcium constituted between 12-25% of the total weight,
The crust of cal;ium salt responsible for th- characteristic

white cclor of hyaena scats may act as a deterent to fungal

growth.
Human Agencies

Pollen - analysis can yield vegetational reconstructions
because it 1s assumed that the representation and relative

proportions of taxa in an assemblage have ecological
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meaning. Particular caution must be applied to the analysis
of archaeological sediments however, due to intensive
vegetation disturbance normally .incurred around a site
(Baker, 1974; Kelso, 1970; Mehringer; 1967); the mixing of
pollen assemblages by postdepositional disturbance (Butzer,
1982; Minnis, 1981); and palynological residues of cultural
and subsistence activities.

Paiynoﬁogical .aSSemblages from archaeological sites
Bave been Qsed to interpret prehistoric diet, and
subsistence patterns (Fall et al., 19?1; Alkens, 1970;
Kelso, ‘1970), season of site occupation (Bryant, 13969; in
Bryant and Halloway, 1983), ritual (Hill and Hevly 1968;
Leroi—Gourhan; 1975), and artifact usage, to define activity
areas (Hill and Hevly, 1968), and utilization of native or
cultivated plants (Kelso, in Aikens 1970). hhile proviaing
great insight into man's paét _subsistence and cqultural
activities, the selective importation of pollen which
characterizes some archaeological sites can .also biass any
forthcoming ~palynological reconstructions. of past
vegetation. For instance, at Hogup Cave,{huma; agencies were
the dominant mode of deposition within the cave, and the
pollen residues of human activity obscured any evidence of
the vegetation landscape existing at the time (Kelso, in
Aikens; 1970).

Unintentional importation of pollen and mixing of
fossil pollen on the cave floor by humans may have played a

major role 1in forming the pollen spectra derived from Cave
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Ann. While Tauber traps were in place, archaeological t-

excavations were conducted at Cave Ann, Né insects or othe:
biolbgical sourées of contamination wefe observed in the
recovered Tauber traps, so it 1is possible that human
activity could have been responsible for the anomalous
Tubuliflorae values recorded from traps inside the cave. The

' -

higﬁ Tubul iflorae values may reflect selective importation
of thesé grains by excavators. Further, thg over;ll poor
condition of the grains is rgminisceﬁt of”those derived from
'desert sites (Plate 3), and suggests éhat the archeological *
activities disturbed the sediment or the cave floor, and
reactivated tﬁe_anemophi]ous greins into the air. A counter
hypothesis may be -that the cave's relatively sheltered
pdsition away from direct winds may figure significantly in
low Pijinus wvalues, causing the. concomitant rise in herb
values. However, Artemisia>ddminates the open air trap as-
semblage, 3o it would be expected that tﬁe inside traps
weuld, in this case, record high percentages of this_ taxon
as well. Due to the protected position of éhe cave, 1t
appears tthat human activity did figure significantly in  the

mixing of several seasons' pollen rain by raising dust.

CONCLUSION

The dominance in the -vegetation of species which are

notoriously poerly represented in the pollen: assemblage,

clouds Qgs;ig)erpretation of pollen transport into caves in
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the Pryor Mountains, and makes extrapolation o’ results from
this study to other caves sites highly prdblematic. Howeve ',
on the basis on the éomparbtive data collected in this
study, it 1is possible to challenge and confirm some
vcurrgntly held ﬂhypotheseb about pol. n transport to caves,

and to discuss the potentic! of pollen analy.is tor cave

deposits.
The critica. issue .1 this ¢ ,.dy'was to determine which
source areas (e.g., w2cal, ~-egional, lorj; distance) and

which trénsport components (see ?ig; 10) of the wvegetation
dominate the pollen assemblage derived from dagé deposits;
and ultimately, to determine whether the pollen assemblage
(thanatocoenosis) lends itself ¥o quar itative pollen analy-
sis. Previous experimental régéarch (Bui—Thi—Mai, 1974}
Bui-Thi-Mai ahd Johnson, 1976), suggests that
comtemporaneous pollen samples derived from caves do not
demonstrate variation significant enough to produce
'differ@ng climatic interpretations. Consistenéies have also
been observed between the climatic interpretation of clastic
cave sediments and pollen analysis of conéemporaneous
samples (Laville et al., 1980{.

"In sharp contrast to these experimental and empirical
findings, comparisons between samples from cave and
rockshelter sites 1in the Pryor Mountains demonstrate
dramétic variability. For example, at Skylight Cave, Picea

frequencies in the cave floor surface samples vary

dramatically from under 3% to over 16%. In a Pinus dominated

2



Figure 10. Taphonomic Model for the Interpretation of
Pollen Assemblages Derived from Cave and

Rockshelter Deposits
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pollen 'spectrum, an increase of 13% Plicea would be
interpreted as an ecological or climatological. chénge 1f
encountered in a time-transgressive pollen diagram.
Similarly, the dramatic replacement of over 40% Pinus {Qr
Artemisia and Cheno-Ams, as observed between cave trap
samples at Gyp Springs Rockshelter, would also be indicative
of an environmental <change. For ét least these caves and
rockshelters ‘in the Pryor Mountains, ecological
interpretation of the pollen spectra would be highly
problematic.

. Regarding intersite wvariation, the cave trap and cave
floor surface samples from Cowboy Bob Rockshelter and Cave
Ann give no 1indication that they aré loﬁated in the same
vegetation zone, even {ESLQE\ the open air AP/NAP ratios
between these sites are nearly identical. All samples from
inside Cave Ann have high frequeﬁcies of Asteraceae pollen,
and depressed Pjr..5 Zfrequencies, compared to Cowboy Bob
Rockshelter. However, in t..is case, a 50% decreaée in Pinus
does not indicate climatic cooling or more xeric conditions:
it likely reflects either the differences iﬁ "position with
respect to dominant wind directions, or the impirtation of
Asteraceae pollen by biological égencies.

It  was expected that the open air sites would
demonstrate a wide range of variability between samples.
Studies 4rof pollen production and dispersal, have

demonstrated that open air sites sample primarily the

allochthonous elements of the wvegetation 'which often
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%
’ Xy
obscures recognition of the important elements of the

regional vegetation. Local ' pollen rain is distributed

unevenly over the landscape and is thus less suitable for

constructing palecenvironmental- réqpnstructions or for
. [

chronostratigraphic purposes, than samples recording

regional pollen rain (Janssen, 1981). i

For this reason, a comparison between the cave samples
and open air samples analyzed in this study is provocative.
It seems that cave samples demonst;ate the same great varia-
bility shown in open air samples. Therefore, it appears that
caves and rockshelters are not sampling regional pollén rain
and therefore not, "acting as an integraﬁor of the pollen
environment, similaf to lake and bog localities,
,;(Bui-Thi—Mai and Johnson, 1976:9), but ére sampling local -
pollen rain, and are subjectéd . to the wuneven pollen
deposition characterizihg open air sites, If the dynamics of
_ pollen transport Qénto caves and roéksﬂé}ters in thé Pryor
Mountains 1s representative of cave ;nq ébékshelter sites in
general, it.seems-that theée depoﬁgiéaég‘ﬁ%tyﬁulfill a major
requirement of the galynoyggiﬁé;;&;éihod. Therefore the

- _,/,f/,« - TN L

accyracy and resolution ‘ofli tedNohal paleoenvironmental
’ St TUNE

. L X R AP Y . '
reconstructions baséﬁ‘on cawgﬁp;\,rockshelter deposits are

LG il -

' . S

open to serious quesﬁxgn. RS
. While this work has been concerned primarily with

clarifving the relationship of the vegetation (biocoenosis)

to the pollen assemblage found in a cave before burial

(thanatocoenosis), it 1is recognized that both perthotaxic
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(post death, preburial) and anataxic (weathering, erosion,
?edeposition) factors contribute to the ultimate égﬁposition
of the fossil assemblage (Fig. 10) (Morlan, 1980).

In this study, the wind transpdfted poilen components
demonstrated a bias toward ﬁhe local'végetation. Numerous
studies of pollen from archaeologicél sites have éhown thiy, )
an assemblage can be biased toward economic plant types, of /"
toward low-1lying herbaceous types by unintentional"”
imporéqtion. Coprolites of man and other énimals are aapablé
of importing macro- and ﬁicroscdpic botanical materials into
a cave, =

“The pollen record from Hohlen Stein. and its
preservational bias toward samples enriched with fecal mate-
rial suggests that the nonrandom pollen sampling of animals

may become even more important through time as pollen in the

more alkalipe deposits are destroyed by woxidative fungal

N '

attack, increasing the relative repreéentation of pollen .
transported by the biological vector. While all sites of
fossil accumuiatién are charécterized by perthotaxic
factors, thi; effect in alkaline cave and rockshelter _sites
may be more pronounced in comparison, due to the éeyérity of

the poor preservational environment.

However, other agencies contribute to the formation of
the,taphocoenosis. In general, caves ére known to be among
the most complex of depositioﬁal environments, composed of

both externally derived material and internally produced

sediments, which may be deposited unevenly across the cave

b
]
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landscape. The externélly derived deposits, which include.”
soil wash, stream beds, aeolianidust and sand, and cultural
fesidues“ (Butzer, 1982) may contribute allocthonous pollen
to the fossil assemblage. Internally generated deposits,
which include roof and wall rubble, and in limestone
bedrock, travértine and dripstone deposits (ibid.), provide
an uﬁevgn-surface upon which pollen and /finer sediments are
deposited, This characteristic makes correlation of contem-
po;aneous bollen assemblages difficult across the cave floor
. andrincreases the potential of mixing time-transgressive
pollen assemblages. Besides ‘the size and type of sedimentary
particleé, the seds entation rate will affect the resolution
‘ of the initial pollen) assemblage (téphocoenosisr. Subsequent
wéathering, erosion and redeposition, as well as disturbance
by animal éctiyify haQe the potential to rework older sedi-
ment into a younger matrix (cf.ﬁ Butzer 1982). Over time
these combined processes will produce a secondary fossi1 as-
semblage, potentially with a very different compbsition of
taxa than either the thanatocoenosis or taphocoenosis. Thus,
an Qnderstanding of the depositional history of the cave,
sité, as well as the site's sampling and preservational
biases, are fundimental taj the formulation of accufate
" paleoenvironmental interpretations. -
This study suggests that the pollen assémblagesA from
cave ‘and rockshelter sites are not characterized by suffi-

cient - ecological resolution to provide meaningful

reconstructions when analyzed through the standard numerical’

‘ )
U
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technique of poilen analysfs, as outlined by Faegri and

!

lversen (ﬂ975),'Comparisons of the fossil assemblages from

' Hohlen Stein suggest that differential preservation may

figure importantly in determining the taxa composition = of

‘the fossil assemblage, and such bias should be considered in

any deposit of high pH (Cushing, 1967). At. archaeological
sites, cultural and sub51sten”e activities have been shown
to domlnate the palynological assemblage so completely as to
obscure all but the barest vestiges of the past vegetat1onal
env1ronment (Kelso, 1in Alkens, 1970) Further recent
studies suggest that cave deposits, particularly those
associated yith archaeological sites, have a complex
depositional history‘(Butzer, 1982). Without evidence to the

contrary, it is impossible to assume that cave and

) ) ]
rockshelter .deposits " commonly contain essentially

undeteriorated ﬁollen in a simple stratlgraphlc sequence
withodp mixing or disturbance, a prerequisite of sites for
paleoenviroﬁmental reconstructions (Jacobsen and Bradshaw,
1981) .

On the basis ef these observations it appears that caQe
deposits. provide a poor pollen record of the environment,

making correlations between pollen assemblages from differ-

‘ent cave sites both difficult and highly speculative.

However, it 1is provocative that regional correlations
between pollen records from caves are deemed so successful
that Laville et al., (1980) suggested that pollen would

provide a solid basis for developing regional schemes of
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climatic change if it(was found consistently cave deposits.

v

Before it can be determined whether these observed
statistical similarities between pollen records reflect
ecological similarity, it 1is necesssary to -evaluate the
assumptions and implications built into the interpretative
model. It 1s not immediately apparent what constitutes anai-\
ogous climatic oscillations when different vegeta{ionktypes
are being compared. Nor can it be assumed that changes
observed in poilen diagrams reflect <climatic events
(Iversen, 1973), or that the changes reflect: climatic
oscillations that were regional in scope (Laville, et al.,
1980). " Further study will determine whether observed
correlations reflect similar envifonmental conditions, or
simply the limitations of the ecologicél assdﬁbtions used in
interpretation. |

Assuming ﬁhat the post dépositiopal processes operating
within the cave depp;it leave the . pollen assemblage
representative of the thanatocoenosis, meaningful
intefpretations may be possible thgough technigues of anaiy—

' sis that 8o not ascribe ecological meaning to the propor-
tional pollen composition of the fossil assemblage.
Autecological methods, sgch as the indicétor ‘spécies ap-
\proach (Webb, 1973; Birks and Birks, 1980) or analogies
based on presence/absence of taxa, may be more applicable to
the biased ‘pollen representation of cave deposits than ghe
numerical techniques developed for samples from bogs -and
lakes. Autecological methods have been applied to the fossil

\

—
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remains in packrat middens, including pollen, greatly
contributin~ to our understanding of eéological successions
in the Am->r can Southwest (Van Devender, 1978; Mead, 1981).
Further research is necessary to clarify some of the
proplems ‘that have been discussed 1in this paper. An
empirical understanding of préservatiopal biases can be
developed if diécussions cf pollen preservation and the sed-
iment sample size réquired for analysis are included in each
study. Pollen gnalySes of cave depdsits should report on the
sampling strategies employed, and analysis of pollen stra-
tigraphy should be conducted within a model of the
~depositional and post depositional history of cave deposits,
e.g. through a contextua? approach (Butzer, 1980). Finally,
further additional experimental research with modern cave
floor surface samples needs to be conducted in areas not
plagued with vegetation "blind spots" (sensu Davis, 1963),
to test whether the results of this study are specific to
the Pryor Mduntain context, or are shared by cave and
rockshelter sites in general. Further research in this area
will clarify the 1imitat}ons énd ecological resolufion of
palynological analysis of cave and rockshelter sediments,

and allow for the development of tedhniques that maximize

use of the palynological resource stored in cave sediments.
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'APPENDIX 1.

Identification

1-Staphylinidae
1-Coccinellidae
1-Scolytus sp. (Scolytidae).

1-Scarabaeidae

1-Carabidae Domius piceus
3-Alticinae

1-Hydrophilidae:
1-Staphylinidae e
1-Ptinidae B
1-Coccinella sp.

1-Elateridae Ctenicera propo/

2-Staphylinidae
1-Ptinidae
2-Curculionidae
1-Staphylinidae
2-Staphylinidae
38-Ptinidae
1-Curculjonidae Brachyrh/nus
Ovatus * .

1-Elateridae prob. Ctenicer
1-Melyridae

1-Carapidae Bembidion sp.
2-Hydrophilidae .
4-Mordellidae . .

1-Alticinae
3-Throscidae Drapetes sp.

1-Coccinela sp. |,
1-Alticinae (Chrysomelndae»
1-Melyridae

2-Scarabaeidae
1-Ptinidae

* NOF=not found on flowers

. common’ name

identified Insects From Tauber Traps

.Occurence on Plants

NOF

- NOF

NOF .
1-Unknown

" sighted on TafaX/cum

probably NOF
arboricolous

NOF

Aquatic .
NOF 4
NOF
NOF

ighted on Mallow, Ninebark
\Qarrow ., ,

4

NOE
NOF.

probably NOF
NOF
NOF
NOF .

~
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and

common name “Strawberry Root

Weevil"
sighted in grasses
gommon name “softwinged
Flower Beetle”
usually riparian
aquatic -
common name
Flower Beetle”
NOF '

"softwi‘ngéa

én flowers, chiefly milkweed,

- dogwood, and mayapple

NOF

NOF
“softwinged

flower beetle” .-

. NOF

NOF

Identifications provided by Ingolf S. Askevold, University of Alberta
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