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1. PREFACE

Pollen analysis is traditionally undertaken on sediment samples collected
from swamps, bogs and lakes. Practical experience, experimental results and
theories of the dispersal and distribution of pollen grains combine to indicate
that sediment samples of such locations contain an essentially randomized
sample of the pollen dispersed within the basin of deposition at the time
the particular sediment collected was laid down. Exceptions to this general-
ization are recognized, particularly when the basin is extensive or inflowing
streams create water circulation patterns which encourage differential sedi-
ment deposition in different areas. But as a general rule it is understood
that the pollen types one observes in samples of such sediments, and their
relative frequencies, are a reliable index to the nature and proportions of
vegetation patterns in the general vicinity at the horizon of deposition.

The fact that the pollen of such deposits is transported to the locus
of deposition in an aqueous medium is significant. Pollen grains are grazed
and destroyed by a wide variety of herbivores and saprophytes, many of which
are microscopic. These organisms are normally terrestrial and require aerobic
conditions for survival. Aqueous environments of deposition thus accomodate
the preservation of large numbers of pollen grains per unit volume of sedi-
ment through exclusion of destructive agents. Another significant factor
is the fairly slow rate of deposition under aqueous conditions. If a given volume
of deposit represents a greater number of seasons of pollen production, it
offers more opportunity for the accumulation of Targe numbers of pollen grains.

Sediments accumulated in the context of archaeological sites are normally
exposed to atmospheric pollen rain, and so also normally trap pollen grains.
But these sediments are deposited under wholly terrestrial conditions, since
man does not function habitually in an aquatic environment, and sediment

accumulation may be very rapid and directly influenced by a myriad of human



activities. Further, such sediments are not exposed to the atmospheric pollen
rain of an entire depositional basin. Normally, they are principally exposed
only to the pollen dispersed by plants at or immediately proximate to the '
location of sediment accumulation, involving distances measured only in tens
or scores of meters. These qualities encourage the degradation and destruc-
tion of the pollen trapped, and tend to reduce the amount of pollen recover-
able from a given volume of deposit. To complicate the matter further,

human activities may introduce pollen into site deposits. This may be pollen
of exotic plants brought to the site from distant locations by its occupants,
cultivated near the site, or traded to the site. Even if the intrusive pollen
is of local plants, human actions may influence the relative frequencies of
pollen types in site context deposits.

The net effect is that pollen records recovered from the context of
archaeological sites cannot be considered directly comparable to those re-
covered from the deposits traditionally investigated by pollen analysts.

Site context deposits must be assumed to contain not only less pollen per
unit volume, but pollen which has been subject to different processes of
destruction and preservat{on, pollen types which have been subject to a
greater potential human influence in regard to both production and dispersal
mechanisms, and pollen frequency values highly influenced by very localized
behavioral and ecological conditions. In light of these complications, some
pollen analysts (e.g. Wright 1974) argue that the study of pollen records of
archaeological sites is not worthwhile if one's objectives are those of
traditional pollen analysis: establishment of relative chronology through
biostratigraphic correlation; reconstruction of paleovegetational patterns;

paleoecological reconstruction; and paleoclimatic analysis.
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The issue is, however, methodological rather than theoretical or practi-
cal. From a practical perspective it is apparent that at least some sediments
accumulated in archaeological sites contain reasonably large numbers of pollen
grains which are sufficiently preserved to be identified. Samples from such
deposits produce pollen records experiments have documented are replicable
among different workers and are comparable to each other. They are thus
subject to scientific study. From a theoretical perspective, such pollen
records are interpretable as reflections of prior ecological and vegetational
events irrespective of whether those events were extensively subject to
human influence. Because pollen records are statistical in form, it is
theoretically possible to differentiate those statistical values of a given
pollen record which result from human influence and treat them separate from
the remaining values. Even if the remaining values are highly conditioned
by quite localized ecological conditions they are still related in some
particular and specific fashions to regional vegetational and ecological
patterns which may be deduced through sufficiently detailed study. The
question is not whether the pollen records of archaeological sites can be
used to achieve the traditional objectives of pollen analysis. It is how
this can be accomplished. Clearly, it cannot be accomplished by the pro-
cedures pollen analysts traditionally employ for study of aquatic deposits.

A similar problem was faced by Martin (1963; Martin, Schoenwetter and
Arms 1961) in his study of pollen records from alluvial deposits in Southern
Arizona. In that case the sediments were water laid, but the pollen they
contained could not be assumed to provide records comparable to those re-
covered from lacustrine or swamp deposits since alluvial and lacustrine
depositional process and basin parameters are so distinctive. Martin developed
a distinctive method for interpretation which has gradually been adopted by

pollen analysts concerned with the study of lacustrine desposits as well.



C:' rain records representing known conditions of vegetation pattern, ecology
and climate. But there are two assumptions which must be made if one is
to employ this method, and neither can be conclusively demonstrated through
experimental evidence. First, one must assume that the effect of human
activities upon a fossil pollen record of archaeological context can never exactly
(within statistical parameters) mimic the effect of natural processes re-
sulting in the formation of modern pollen rains. Thus, if a modern pollen
record and a fossil pollen record from an archaeological context are statis-
tically identical, that identity is not a human artifact. This assumption
is hotly debated among archaeological palynologists. Some take the position
that the assumption is normally valid since human actions are far less con-
sistant than natural processes and there is little probability that human be-
havior could effect pollen rain mimicry. Others argue that since the natural
processes which cause pollen records to occur in particular forms are essen-
tially unknown, mimicry is not unexpectable. Yet others argue that though
mimicry might occur in a given pollen record it is not 1likely to be the
explanation for the occurrence of consistant pollen records from different
samples assignable to the same temporal horizon.

The second assumption is that modern pollen rain traps may be identified
which are essentially comparable to the fossil pollen rain traps of sediments
from archaeological context. Without such comparability the principle of
uniformitarianism cannot be applied at all, so this assumption is of critical
significance. Modern pollen rain traps used as a control for the interpreta-
tion of lacustrine fossil pollen records are normally the surficial deposits
at the mud-water interface of lakes and swamps (McAndrews, 1968). Moss
polsters collected from the forest floor or the surficial levels of the mat

vegetation of bogs are also used (Webb, 1974). Martin (1963) gathered samples




from a number of different types of recent deposits in an attempt to identify
those which produced pollen records most similar to the fossil pollen spectra
of alluvial sediments in Southern Arizona, ranging from cattle dung to flood
waters and freshly deposited alluvium. He concluded that the sediments laid
down in open water storage facilities (both earthen and metal cattle tanks)
were probably best because such deposits integrated the pollen rain of a
controlled number of years. But other forms of modern deposits, including
samples of surficial sediment collected from the terrestrial surface, produced
quite similar pollen spectra. Martin was able to document that terrestrial
surface samples produced somewhat distinctive forms of pollen spectra, however,
relative to surface: samples from aquatic context. Terrestrial surface samples
are much more influenced by very local floristic patterns.

Subsequent study of terrestrial surface sediment pollen spectra by a
number of Martin's students (e.g. Hevly, Mehringer and Yocum 1965; Hevly 1968;
Mehringer 1967, Schoenwetter and Doerschlag 1970) have regularly confirmed
this early observation, and a series of experiments on pollen dispersal patterns
(summarized in Faegri and Iverson 1975) have produced a body of data which
tends to explain this effect. As a rule, the vast majority of pollen grains
dispersed from any given plant "rain" onto the surface in the immediate vicinity
with modal dispersal distance primarily influenced by the height at which the
pollen is released and the pollen productivity of the plant. Taller very
productive plants disperse the majority of their pollen most widely; smaller
equally productive plants disperse most of their pollen an appreciably smaller
distance; the pollen of small plants dispersing little pollen falls to the
surface very near the plant. Thus the pollen rain of terrestrial surface samples
is essentially composed of pollen dispersed within and quite close to the sampled
plot. Those of lacustrine sediment surfaces are essentially composed of pollen

transported to the sampling location by wind and water from all sources in the



basin of deposition. The tendency of terrestrial sediment modern pollen
spectra is to reflect local ecological patterns and floristic distributions.
The tendency of lacustrine surficial sediment pollen spectra is to record
regional patterns of floristic dominance and polien productivity.

Because the pollen of tervestrial surficial sediments is exposed
to similar degradational and decay processes, and tends to similarly trap
local rather than regional pollen rain, some pollen analysts have assumed
that they produce pollen records essentially comparable to those recovered
from archaeological contexts. These workers have used terrestrial surface
poilen records as controls for the interpretation of archaeological context
pollen spectra in a wide variety of Tocations in the arid portions of the
Southwestern United States (Schoenwetter 1962a; Mehringer 1967; Hill
and Hevly 19683 McLaughlin 1977), Mexico (Schoenwetter 1972, Flannery and
Schoenwetter,1970) and South America (Schoenwetter 1973).

Very little use of the method, hawever, has been made for the investi-
gation of archaeological pollen records in areas of temperate climate where
coniferous and/or deciduous forest vegetation patterns occur historically.
Schoenwetter attempted to apply the method in investigations of archaeological
context pollen records from North Central Wisconsin (1966) and the Mississippi
River floodplain (1982b, 1964). Gish (1976) elaborated on the earlier ¥isconsin
work with apparant success. She was able to decument that intra-site biostrati-
graphic correlations generated through pollen analyses controlled by surface
sarple records are consistant with sedimentological and archaeological strati-
graphic correlations of the sampled contexts. Fish (1973) utitized the methed
for paleovegetation interpretation of archaeological pollen records of Powers

Phase sites in MIssouri. Schoenwetter {1974a) applied the method to the study



of pollen of Archaic, Early loodland and Late Woodland contexts at the Xoster
Site in Southwestern I1linois. The vegetational reconstructions produced
were completely consistant with those independently derived from geomorpho-
logical-sedimentological evidence (Butzer, in press) and malacological studies
(Jaehnig, in press).

Thus the assumptions which subtend the method, while recognizably debatable,
are not so Tittle evidenced that they have obviated the development of productive
research. A few pollen analysts have been encouraged to produce interpretations
of archaeological context pollen records from a variety of ¢geographical locations
which have the same objectives as traditional pollen analyses. In a number of
cases these interpretations are consistant with those developed independently
on the basis of geologicai, paleontological and artifactual evidence. It is
still arguable that the interpretations produced by the method 2re erroneous,
of course, and it is true that the assumption that a polilen spectrum from an
archaeological context is not an artifact of human behavior cannot be tested
exgerimentally. The relatively poor quality of pollen preservation under such
conditions also disturbs experienced workers {King 1975, Bryant 1976a). Inter-
pretations developed through application of the method, however. seem sufficiently
vindicated by theory and experience to be granted the status of evidenced

hypotheses.

2. INTRODUCTION
Archaeological pollen studies initiated in the area of Mammoth Cave
National Park seem potentially open to interpretation through the method of
surface saiple comparison. Work accomplished to date (Schoenwetter 1974b) has
demonstrateé¢ that small quantities of pollen can be extracted from Targe volumes
of archacological context sediments at some sites in the area. The pollen was
so poorly preserved, however, and constituted such a riinute fraction of the

volume of any given sample of the deposits, that analysis of only 10-15% of



the submitted samples was reasonably profitable. While this is surely a small
amo::nt of infornation to recover considering the recuirements of original in-
vestment, it appeared significant because of its unique character and potential
archaeological utility. Also, of course, the 38 samples investigated did not
accuraiely reflect the toial range of archaeological contexts which exist in
the MCRP study area. We could at least hope that if other contexts were sud-
Jected to palynological investigation a pattern might emerge which would allow
jdentification of types of contexts where study would be more productive, or
altersative extraction procedures which would allow greater recovery of data.

These investigations also documented the occurrence of sequentially ordered
variations in the pollen records of such contexts. Such variations desonstrated
the potential utility of the pollen analysis of archaeological context sediments
in the study area for the construction of relative chronologies and the identi-
fication of changes in the paleocenvironmental settings of prehistoric cultural
events.

These studies were complinented by palynolcgical investigations of human
paleofeces from Mammoth and Salts Caves (Bryant, 1974; Schoenwetter, 1974c). This
body of work evaluated certain palynological results as reflections of seasonality
and others as artifacts of the behaviors attendent upon menu preparation, redi-
cation, and food redistribution systems of the occupants of the study area 1500-
4000 years ago. Though such resezrch complirments many aspects of the present
study, and may ®e continued as opportunity develops, it should be recegnized as
a separate form of study. It pursues investigation of matters of archceological
pertinence, but is not concerned with the traditional objectives of pollen analysis.

This report presents the results of initial investigations of the modern
pollen rain of Mammoth Cave Xational Park and applies that information to the

interpretation of archaeological context pollen records recovered from the deposits
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of three sites. I wish to begin this discussion, however, with a statement

of my recognition that its outcome is in no way considered conclusive. Much

of the interpretive value of the pollen records of the 22 surface samples inves-
tigated is severely limited by the relatively small number of samples involved.
As Faegri and Iverson have repeatedly cautioned (1950, 1962, 1975), pollen
analysis is a statistical procedure. The record of a single sample cannot be
assummed

it is dvawn, and the fewer sarples one has drawn from any Given population the
more role chance may play in conditioning the pollen freauency values cbserved.
The surface ssmples investigated have been drawn from six different vegetational
patterns and therefore it is necessary to recognize they are unlikely to adequately
reflect the range of pollen rain variation which actually oceurs in the park.

I'n order to procede with the investigation efficiently I have made the assump-
tion that the saniples are sufficiently numerous for present purposes. I have
used statistical procedures for evaluating this assumption wherever possible,

as well. Bgut the assumption is only defended on the basis of a lack of contra-
dictory information. The conclusions arrived at, then, must be accepted with a
measure of skepticism.

As should be evident from my preferatory remarks, the method of surface
sample control for interpreting fossil poilen records depends upon two qualities
in the data base: replicability and comparability. Two or more surface samples
of atmospheric pollen rain ostensibly drawn from the same population should be
statistically identical. The presumption is that such a population of pollen
grains is formed by a particular and exclusive set of natural processes operating
in a uniform fashion. If the samples =
replicates, they must be recognized as products of different formation processes

even if this is not apparant from inspection of the sampled plot. Hoewever, the
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samples need not replicate each other in all attributes. That is, they need
not be identical in respect to each and every particular of variely and number
of pollen types and relative pollen frequencies. All that is requivred is

that the samples replicate each other in some respect which is unigue to the
sampies of that population and therefore diagnostic of their relationship to
the specific population of pollen grains from which the samples were drawn.

To function as controls, the surface samples must also produce pollen
statistics comparable to those of the fossil pollen records under consideration.
In particular it must be demonstrable that the unique attribute or set of
attributes which relates & particular set of surface pollen records to a parti-
cular vegetational, ecological or climatic pattern is observed in comparable
form in the fossil pollen record. The problem of comparability is a sticky
one, as both qualitative and quantitative mechanisms of evaluation and Judge-
ment rnust be employed. Traditicnal forms of pollen analysis similarly utilize
both mechanisms to evaluate the comparability of pollen records, so the problem
is not unique to this methodology. But in archaeological pollen analysis
anthropological judgements are as crucial as biological ones, and this compli-
cates matters. In the present case, the basis for quantitative evaluation is
weak because so few samples of modern pollen rain have yet been subjected to
analysis. Similerly, the basis for qualitative judgement is reduced because
we presently know only a little of the habitual behavior patterns of the
occupants of sites in the study area. Thus we are unable to make demonstrably
sound judyements of the probable effect of human activities on the pollen records
recovered from the sites.

Study of the modern pollen record of MCNP was initiated in the Spring of
1674 in ce-operatien with Dr. Adolf Faller, then of Cleveland State University.

At that time Faller was completing the final draft of a study of the plant
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ecology of MCNP (Faller 1975). As a neans of assessing the range of variation
in vegetation patterns occurring in the area, Faller had established a series
of 44 vegetation stand stations through areal photographic analysis. Thirty-
two of these were locations of representative wooded stands which were assessed
quantitatively; the remainder were plots where trees were absent or rare.
Seventeen of the surface pollen samples were collected within the confines of
forest stands established and evaluated in Faller's study. One surface sample
was collected from the surface of arockshelter archaeological site within a
studied stand, one sample was collected from a treeless location Faller had
not studied, and one was collected from a plot (50 x 100 feet) established

for the purpose.

Faller employed guantitative study procedures which emphasized stand mhasal
area usirg a variable-radius plotless method (Bitterlich sampling method of
Shanks 1954). This procedure yields plots of distinctive size. lhere the
density of trees is low and the basal area of the trees of a stand is small,
the plot may encompass a number of hectares; vhere the stand is quite dense
and the trees have a great basal diameter the plot may encompass only a few
tens of square melers. Because Faller's analysis serves as an assessment of
the ecolegy of the study area, the procedure used by Faller to identify a
sample within a stand was used to identify the geographic space from which a
surface sediment pollen sample was normaily collected. Faller collected a
series of samples within each forest stand station for his analysis, hewever.
In this study only one sample was collected at a stand location with one excep-
tion, where
that used in other forest areas (Schoenwetter 196, in prep.). Within the
geographic area identified by the Bitterlich method, twenty "pinch” (Hevly 1668)

subsampies of sediment were collected from the base of the leaf litter at the
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point mineralization was first evident (the Ag soil horizon) at random positions.
It is thought that this sort of sampling recovers atmospheric pollen rain of
the sampled area which has been concentrated over a number of seasons by down-
wash through the leaf litter and has been degraded and reduced by most of the
destructive processes likely to affect archaeological sediment contexts
(Schoenwetter, in prep.). Records were kept of the number of mature trees of
each species and the variety of shrubs at each sampled area.

In theory, the surface samples have trapped ticdern pollen rains which
are principally derived from the local floras of the sampled stations. They
therefore are expected to produce pollen records which are palynological re-
flections of local vegetation patterns. Since they were collected to maximize
the influence of natural processes destructive of the modern pollen and to
minimize the effects of pollen rain seasonality, they are {at least in theory)
resonably comparable to the sorts of pollen records that could oceur in an
archaeological context if those fossil records vere not more influenced by
human behavior than the medern surface samples. Because the samples were
collected from six different vegetation types, and because each location was
distinctive as regards dominance, subdominance, coverage, sociability and
other characteristics of vegetation patterns, the series should provide effec-
tive information on the variability of pollen rains in Mamnoth Cave National
fark,

It shovld be emphasized, however, that the number of surface samples
recovered is not statistically adequate for characterization of either the'
medern pollen rain of I{CNP or the range of variation in polien rain of any
given vegetation type occurring in the park. The geographic range of the park
has not been sampled as yet, and only 1-5 samples have been recovered from any

given of vegetation type. For purposes of this study I have assumed that the
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samples are adequate but no statistical defense of that assumption can be

offered. Presumably, future vesearch will resolve this issue.

3. VEGETATION OF THE PARK

Faller's investigations {1975) led to the recognition of seven forest

types within the MCNP boundaries: Mixed Mesophytic forest, Western tMesophytic
Reliect Tertrary Tovest,

Forest, Oak-Chestnut Forest, Cak-Hickory Forest, Floodplain Forest and Succes-
siona]J}orest. Stands were classified into six ecologically significant cate-
gories: Beech Woods, Mixed Woods, Oak lWoods, Hemlock oods, Riparian Woods
and Suecessional oods. These categories are interpreted as those grouping
stand variations responsive to ecological factors conditioning the dominance
and coverage values of the most important plant species of the study area.
Faller concluded that a good deal of the variation observed in the vegetation
of the park is the result of historic human influences and consedquent successional
changes. Such influences range from introduction of chestnut mlight and planting
of exotics to land clearance and selective lumbering. But some of the variation
is certainly due to the substrate, topographic and hydrographic variations
which characterize the MCNP area. HKad historic human activity never occured
in the park, it is possible that the six forms of woods now observed would
have been integrated into one forest type in which oak, maple, hickory and
tulip tree would have formed a complex of deminant elements. But it is wore
probable that four forest types would occur conditioned, respectively, by the
distribution of floodplains, outcrops of Mississippian bedrock (1imestone),
outcrops of Pennsylvanian bedrock (sandstone), and the deep, level soils of
solution valleys and plateaus. Modern Riparian Woods, modern Oak WYoods, and
modern Mixed Woods and Beech Woods stands evidencing 1ittle human influence

probably approxicate the vegetational characteristics, respectively, of the

forest types that could be "normal" to the floodplains, Timestone outcrops and
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sandstone outcreps of the park. The deep soil districts, however, were
favored by kistorical farmers. The Successional Woods which now occur in
such locations are probably poor indices of their original floras.

Faller used the Bitterlich sampling procedure to provide quantitative
estimates of the importance of different species in a stand. This was em-
ployed to produce cluster analyses based on indices of stand similarity for
identificatien of the six categories of woods. Such analysis also allows
placement of any location-specific body of vegetation data collected in the
park by Bitterlich sanipling ypon a graph plotting the successional character
of the observed vegetation against relative degree of xericity (Faller 1975:

87 and 89), so it offers a means of identifying the ecological significance
of the vegetation of particular locations. Where the Bitterlich method was
used to establish the geesraphical boundaries of the locations sampled for
modern pollen rain study, we are able to plot the ecological position of each
of the sampling stations in reference to moisture and successional parameters
(Ed I3

It may be noted that the Hemlock %oods vegetation pattern is not expressed
on Figure 1. This occurs as 3 result of the distribution of associations in
which hemlock is a dominant or sukdominant element and the character of Faller's
sarpling procedure. Hemlock is a highly localized as a8 dominant or sub-dominant
element in the park at the present time, to the degree that Hemlock ¥nods plant
associations have a markedly smaller geographic extent than the other five
vegetation types. Since Hemlock oods could not be isolated as a geographical
unit from areal photographs like the others, it could not be internally
sampled within a single stand. Faller identified Hemlock lleeds as a segregate
vegetation type on the basis of several Bitterlich samples in a number of stand

locations which he then grouped into a composite set. As this set represents
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only one stand, it is not amenable to the cluster analysis procedure used

to establish the ecological parameters graphed on Figure 1.

4. OBSERVATIONS

Observation of the pollen extracted from the surface sediment samples
was controlled by attempts to insure comparability with the fossil pollen
records of archaeological sites. Experience has denonstrated that the site
context deposits are not pollinferous. Generally, an extract of the pollen-
bearing fraction of ca. 100 cc. of sedimant yields so 1ittle pollen that less
than 10 grains are observed per drop of extract. In some cases, hewever,
30-100 pollen @rains occur per drop and in a very few cases 1000-3000 polien
grains occur. To avoid inordinate investment of labor in the analysis of
the fossil pollen only those samples of the last two categories are investigated.
In these cases, all the pollen of a single drop of extract or 100 pollen grains
are tabulated, whichever occurs first as observation proceeds. W¥e have been
concerned, of course, about the statistical quality of pollen counts of 30-
100 grains. Two hundred grain counts are the traditional accepted minimal
standard for pollen analysis {see Faegri and Iverson 1975:187) though experimental
evidence may be presented which indicates that the value of smaller counts is not
impaired 1f fewer than 20 pollen types are encountered in each pollen record
(Schoenwetter, in prep.). A pollen sum of 200 grains was utilized for observa-
tion of the controlled modern surface sampies as it was felt that a larger
number would reduce their comparability to the fossil records and a smaller
number might be suspect.

Because fossil pollen is not generally as well preserved as the pollen of
the modern surface sediments, fine details of pollen merphology are adversely
affected by the more corroded, eroded, broken and distorted characteristics

of the fossil grains. Certain taxonomic distinctions which can be made in
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identification of the pollen of the surface samples were therefore disregarded
during observation, to effect closer comparability with the fossil record. For
example, size variations of pollen of the genus Quercus, which could potentially
be an index of species distinctions, were not recorded. Similarly, morphologi-
cal distinctions among pollen types of the Ambrosieae ard Tubuliflorae tribes

of Compositae were not recorded.

5. ANALYSIS: CONTROLLED POLLEN RECRDS

The first analytic design employed for assessment of the twenty 200-grain
pollen records was that normally and traditionally used in pollen analyses
attempting identification of comparable pollen records. This involves graphing
pollen type frequency values to allow visual comparison of the data within and
and between vegetational categories (Fig. 2). Simple inspection of the frequency
values is normally thought sufficient to document comparability, though localized
conditions fostering the overrepresentation of particular pollen taxa or the
long-distance transport of particular taxa might require adjustments of the
pollen sum upon which freguency values are calculated.

A1l of the surface sample pollen records were collected at lecalities
subjected to the same climatic conditions, but edaphic conditions vary and the
degree of successional advancement is not uniform ameng the sampling stations.

It vas therefore anticipated that the analysis might have orie of two results.

[f the primary condition controlling pollen freaquency values was a regional
phenomenon, such as e¢limate, inspection should document comparability amiong

all the samples. If the primary condition affecting the pollen record was
fleristic, those samples collected Trom eich type of woods should be comparable
but not comparable to the samples collected from another woods type. This would

occur because each type of woods responds to local combinations of edaphic and
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biotic conditions.

It may be observed that all the records of Figure 1 are comparable in
regard to the frequency of arboreal pollen (AP). This is true irrespective
of arboreal density at the sampling locality, for some loci supported no
trees at all and others supported large numbers of trees. Apparently, modern
regional conditiens of the MCNP area are best identified palynologically by
the occurrence of AP values having a mean of 80.9% and a 95% confidence interval
of 76% to 86%. Hhowever, inspection does not provide documentation for the
proposition that pollen records of different types of woods are normally
comparable among themselves but non-confarable with each other. The single
pollen record from a Femlock Woods station contains & distinctive frequency
value fer hemlock pollen, but we camiot presently know if this is characteristic
of the population of Hemlock Woods samples as there is no mechantsm for
statistical evaluation. Successional stands are more consistantly characterized
by the occurrence of pine pollen at a frequency value exceeding 40%, but half of
the Hixed VWoods samples and 40% of the 0ak Woods samples are statistically
comparable in this regard. Judging on the basis of this procedure of analysis,
it appears fairly clear that the type of vegetation occuring at a sampling
location cannot be recognized through inspection of the frequency values of 200-
grain pollen counts recovered from deposits occuring at that iocus. There is
neither sufficient comparability among sarples knewn to be derived from the
same vegetation type, nor sufficient lack of comparability among samples known

to be derived from distinctive vegetation types.
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But simpte inspection of polien frequency values is not the only analytic
procedure which may be used to measure the comparability of pollen records. Though
they are not traditionally employed, a variety of statistical procedures for analysis
of variance are applicable to pollen data as a result of its expression as frequency
values. Mosimann {1965), Webb (1974a), and Birks, et al (1975) have explored the
value of univariate and multivariant procedures such as homogeneity chi square
analysis, principal components analysis, and connonical correlations analysis.
Burton (1973) and Smith (1976) have explored the application of multivariant dis-
criminant function analysis as yet another avenue.

Because the low number of samples recovered from a given type of woods make
the application of any statistical procedure suspect, it is evident that no
statistical procedure should be used which requires acceptance of many complex
assur.ptions about the data that can neither be accepted or rejected. It is also
evident, however, that if any statistical procedure is to ke used it should be of
the category statisticians call "robust." The tenn robustness refers to the
sensitivity of a test to distortions of various kinds. Such sensitivity allows
more cause for acceptance of null hypotheses; for example, the hypothesis that two
pollen records are not comparable. Since multivariant procedures of analysis of
variance are generally more robust than univariant procedures, use of a multivariant
examination of these pollen records is the more conservative approach. If distor-
tions occur as the result of such factors as differential pollen préservation,
long-distance transport of pollen or local overrpresentation of particular pollen
types, a multivariant analysis--being wore sensitive to such distortions--vwould
tend to identify them and recognize two pollen records as non-comparable that couid
be identified as comparable if a univariant analysis was employed.

Arrong the various multivariant procedures pollen analysts have employed, dis-

criminant functions analysis seems most suited to the specific needs of this study.
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Webb and Clark (1977) have recently demonstrated that multiple regression analysis
is tieleast complex and most effective among five multivariant procedures used to
establish calibration functions that allow interpretation of polien records in terms
of meterological parameters. Webb and McAndrews (1976) show the value of a
combination of trend surface and principle components analysis for the assessment of
broad scale features of modern pollen rain records to allow illustration of the
realtionship of pollen rain to regional forest types by use of isopoll maps of
northeastern North America. Bernabo and \ebb (1977) have used these isopoll maps

in conjunction with a variety of other data forms {isochrome maps and difference
maps) as a means of tracing the changing location and composition of four major
vegetational regions during the Holocene in northeastern North America. In view

of these successes, why vias discriminant function analysis selected?

The procedures used by YWebb and his collsagues are, like discriminant functions
analysis, tased upon a linear empirical model of the relationship between polien
rain and the set of conditions (climatic, edaphic and biotic) which cause it to be
formed as observed. Principal components analysis, multiple regression analysis
and forms of correlation analyses justifed by the medel assume the coccurrence of a
continuots distribution of the independent variables which influence the pollen rain.
These forms of analysis recognize, then, a range of biological expressionsfor various
forest types. The flora observed at a sampling location may, for example, have all
the attributes of a plant association characteristic of the Boreal Forest vegetation
type. But that flora's map position and its relationshkip to adjacent plant associa-
tions in the region unequivocally would demonstrate that the plant association is

properly classified as one of the variants of the Mixed Forest vegetation type.

RDiscriminant functions analysis is specifically designed for analysis of data
which may be unegquivocally assigned to discrete groups. That is, a data base in

which the independent variables are demonstrably non-continuous. This is precisely
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the situation of the samples collected from MCNP. Thanks to the prior work of
Faller, it is possible uneqQuivocally to assign each sample to one of six categories
of woods and to recognize its relationship to particular samples of the same Or
different categories in terms of degree of successional advance and degree of
xericity. To ignore the value of such information in selecting the appropriate
format of analysis of the pollen records would be foolish. Discriminant functions
analysis was therefore elected over other procedures justified by the same mathema-
tical model of the relation of pollen rains to ecological factors.

The first discriminant function analysis emp1oyed] was a step-wise analysis
which utilized almost all of the palynological information available. In essence,
the computer was asked to calculate the set of mathematical statements necessary to
discriminate the pollen frequency values for each of five vegetation types as widely
as possible. Then it was required to statistically test the hypothesis that the

2, taken tcgether, were not 1ikely

group mean values for each of 38 pollen types
to be the result of chance. Since inspection of the pollen frequency values indicated
there was Tittle comparability among the spectra of a given vegetation type, it was
anticipated that the discriminant function analysis would indicate the same result.
That is, the discriminant analysis would document the proposition that the pollen
recdrds of various types of woods were so much like each other that statistically
significant discrimination of each or any group was not possikle.

The analysis identified two mathematical statements (discriminant functions

or "roots") which. respectively, account for 95.5% and .03% of the variation in the

deta. That is, applying these two functions to the pollen frequency values allows

1

B IOIMED Program 7, Bealth Sciences Computer Facility, UCLA, Yersion of September
1, 1965,

2Zea was excluded from consideration and Ambrosieae and Tubiliflorae were collapsed
te the single category "Compositae."
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discrimination of pollen records from the five vegetation types (Hemlock lfoods was
excluded because it is represented only by a single sample) 95.53% of the time.

An F test indicates that the probability that these functions could be achieved

by chance distribution of the data is less than 1 chance in 10,000. The distribu-
tion of records when graphed after application of these functions is illustrated
in Figure 3. The multivariant mean value of pollen fregquencies for each of the
types of woods {the "centroid value') is graphed as an asterisk; the range of
discriminant score values of the most divergent pollen spectra in each forest type
group is also regresented.

Thif analysis indicates that though inspection of pollen spectra does not
provide a basis for determining the vegetation pattern at a sampling locus, discri-
minnat function aralysis might provide such a basis. The word might is used advisedly
because it is clear that one of the basic assumptions of the statistical procedure
is not demonstrable. The procedure assumes the range of
palynological variation that might be observed in the population of pollen grains
from each type of voods is adequately reflected in the available data. We cannot
know that this is true. Therefore we can only say at this juncture that discriminant
function analysis allows a means of identifying the vegetation type associated with
a 200-grain pollen record if the assumption holds up upon statistical testing.

In any case, this discriminant function analysis does not adequately serve to
control the archaeological pollen records of MCNP. This analysis took 38 pollen
taxa into consideration in the calculation of mean polien frequency values of the
vegetation type groups. Because of poor preservation, fossil pollen records
contain fewer pollen types. Also, all of the pollen types of the modern pollen
rain are not produced by plant taxa ¥:hich are conditioned by the ecological factors

vthich account for similarities and differences arong the vegetation types of MNCRP.
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For example, pine pollen occurs regularly in appreciable quantities in the surface
samples but pine trees in the park are all introduced since the beginning of this
century. They reflect only the systematic human behavior pattern of planting pine
trees to beautify roadsides and/or prevent surface erosion. The degree to which
pine pollen frequency values aid in the discrimination of forest type pollen records
is, then, an artifact of human behavior or long-distance transport of pine Pollen
and not an expression of ecological factors conditioning vegetation pattern
characteristics.

With these facts in mind, and guided by Faller's identification of the plant
taxa of the park which characterize the types of woods, a second discriminant function
analysis was undertaken.3 This time only the frequency values of 11 pollen types
were considered, and frequency calculations of each sample were based upen the sum
of the observed pollen of thosz types. [t was recognized that we here treaded very
heavily upcn the assumption that the number of pollen grains observed in the 11 pollen
categories in each sample is adequate for statistical analysis. But it is impractical
to attempt to observe imore than 100G pollen grains in the fossil samples. If rigorous
controls cannot be identified for such pollen counts then they simply cannot. Con-
versely, if there is some indication that it is pessible to work within such con-
straints it is obviously profitable to attempt to do so.

The discriminant function analysis undertaken using 11 variables produced the
results illustrated as Figure 4. The two functions account for only 84.6% of the
observed varijance (a notable centrast to the results of the first analysis) and of
that amount only 64.3% is not likely to be a result of chance (p= .03). Essentially,
this analysis informs us that samples from Oak Woods can be recognized as having

very distinct mean pollen values from those of other vegetation types and that

3DISCRIH program, ASU Statistical Library. This program does not graph the results
of the analysis, but it prints the discriminant weights for each variable and the
discriminant scores of each pollen record.
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samples from Successional Woods can very 1ikely be separately recognized. Consi-
dering all the individual sources of distortion potentially inherrent in this data
base, though, it is a marvel that any discrimination of vegetation types was
achieved in which a measure of statistical confidence can be established. Again,
the expectation was that all of the vegetation patterns would be assessed as
palynologically coinparable with a probability of .05. The result obtained indicates
that the pollen records of Oak Woods are sufficiently distinct from the others

that the odds are about 4 te 1 that this is not due to chance.

One of the 11 pollen types used in this second discriminant function analysis
was Pinus. It was included because it appears in abundance in the surface pollen
record and may have some particular relation to the Successional Woods samples
group. But when the results of the second analysis were in, 1 felt it might be
useful to see what would happen if the discriminant functions were developed only
on the basis of the 10 pollen types which are produced by the most ecologically
significant taxa in the park and are most commonly represented in the fossil piollen

record: Quercus, Carya. Ulmus, Juglans, Liriodendron, Fagus, Chenopodiineae,

6ramineae, Magnoliaceae. and Compositae.

In this third analysis the number of pollen grains observed in some samples
was below the minimum number a statistician weuld consider usable - or even
reasonable. But I was curious to learn whether or not any discriminations could
be generated which had statistical credibility. If not, this analysis would finally
document the extreme 1imitations of the fossil pollen record by demonstrating that
if one utilized only those few pollen grains of ecslogically significant taxa
observed in a small pollen count one could not identify vegetation types from
their pollen spectra. To my surprise, the analysis indicated such expectations were

not fulfilled. Not only did the third analysis allow discrimination of as many
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vegetation types as the second analysis, it actually accomplished this task better
than the second analysis. That is, it offered a more secure statistical basis for
confidence in the proposition that the discriminations are not due to chance.

The results of the third analysis are illustrated as Figure 5. The two
discriminant functions account for 86.5% of the variance in the data, of which
72.4% is not likely to be a result of chance {p = .016). In this analysis, pollen
records of Oak Woods are very strongly discriminated from Riparian Woods records.
The odds are about 89 to 1 that a pollen record from one of tliese 1 vegetation
types will not be comparable to a record from the other . Discrimination
of pollen records of the Beech Yoods vegetation type is less secure in this analysis,
however. The odds only are 3:2 that a pollen record from a Beech {foods location
will be non-comparable to one from any location other than Oak Yoods.

Since no statistical argument is more credible than the assumptions upon which
it is based, the fact that palynological discrimination of vegetation type groups
was achieved through the third discriminant function analysis cannot be assessed as
convincing. It is certainly suggestive, however, and it could be confirmed or
denied if a statistically large number of surface pollen sample records sere to be
analyzed of each vegetation pattern. A reliable minimum would be approximately
30 samples from each type of woods, though larger numbers would provide greater
confidence in the statistical argument. Fortunately, there is another argument
which reinforces the credibility of the outcome of the third discriminant function
analysis. Since it is independent of the statistical argument, it strongly supports
the hypothesis that discriminant function analysis based on ten pollen types in
pollen counts of 100 grains or less in fact offers a means of identifying the
vegetation type occuring at the sampling location.

Faller's ecological analysis of the vegetation of MCNP drew the conclusion that
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two ecological conditions are most directly responsihle for the vegetation type
variations observed in the area today: the degree of successional advancement and

the degree of xericity. The forter is strongly influenced by historic human behavior,
the latter by tofographic, hydrographic and substrate factors. Presumably, these

two ecological conditions affect the modern pollen rain of the park as well, since
the pollen rain is produced by the modern vegetation. These ecological conditions
which affect the competitive vigor of a plant taxon should also affect that taxon's
reproductive capability and thus its capability to produce and disseminate

aguantities of its poellen into the local environment.

A1l of the ten pollen taxa of the third discriminant function analysis are
produced by plants highly adapted to the faciors which condition the occurrence of
the varijous vegetation types of MCHP. The Riparian Woods type is adapted to deep,
water-1aiid. oft-flooded substrates. Ulmus, Chenopodiineae and Compositae pollen
are produced by plants freguently occuring under such conditions. Successional
Woods are adapted to disturbed areas in which high iight levels occur and soils are
not conditioned by the decomposing wood and leaves of mature stands of vegetation.
Compositae. Gramineae and Chenopodiineae pollen derive from plant fotis character-

istic of the early successional stage in such situations and Lioriodendron and

Magnolijaceae pollen derive from plant forms characteristic of a Tater successional
stage. Beech Woods vegetation is adapted to moderately xeric conditions and the
rich soils vihich result from a long successional advance. Fagus pollen is
produced by a plant taxon adapted so stringently to such conditions that the tree
survives as a dominant or subdominant element only where they occur. Mixed Woods
are adapted to the same moisture parameters as Beech Wooés but to less rich sub-
strates. It is well represented today in the solution valleys of the 1imestone

karst portion of MCNP. Juglans, Liriodendron, and Magnoliaceae pollen derive from
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plant forms very well adapted to such conditions. 0ak Woods are adapted to the

most xeric environments of the park. Carya and Quercus pollen derive from plant

genera observable in all of the vegetation types of the park and adpated through
species diversity to almost all habitats as successful dominant or subdominant
forms. But the reproductive competitive advantages of these genera are best
expressed in the Oak Woods vegetation type. Since pollination is a reproduction

mechanism, one would anticipate greater mean quantities of Quercus and Carya

pollen in the pollen rain of Oak Woods than in the others even though Quercus and
Carya species occur in all the vegetation types.

There should, then, be a fairly clear relationship between the results of the
discriminant function analysis based upon these ten pollen types and the ecological
conditions which foster development of the vegetation types represented differentially
by their pollen rains. That is to say, we would anticipate that the ecological
variations which encourage the sample plots to support different floras would be
exactly those which encourage them to develop different pollen rains. A correspondence
should be observable, then, between the discriminant functions which separate the
pollen rains of the woods types and the ecological conditions which condition their
floristic characteristics.

Faller's cluster analysis of the floristic similarity of the park's vegetation
types, based upon a two dimensional ordination along moisture and successional
gradients, was illustrated as Figure 1. The discriminant function analysis based
upon the 10 pollen taxa is illustrated as Figure 5. The similarity of relative
position of vegetation types on these figures is readily apparent. At this Jjuncture,
or course, it cannot be demonstrated that the correspondence is "real." A statistical
test of correlation would require assumptions about the data base which are not

demonstrable. But it seems hardly likely, irrespective of what a statistical test
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might indicate, that such a correspondence of two independently generated sets of
data could occur if the two were not actually independently measuring the same
natural processes. It would appear that the first discriminant function of the

3rd analysis (Root 1), which accounts fer 72.4% of the variation among the samples
(p = .016), measures the degree of xericity Faller indentifed as the primary axis

of dissimilarity among the vegetation types of MCNP. The second discriminant
function (Root 2), which accounts for anether 14.1% of the varfation among the
samples {p = .402) appears to measure the degree of successional advance Faller
identified as the secondary axis of dissimilarity among the vegetation types.

The correspondénce of the results of the discriminant function analysis and Faller's
analysis of similarity lends, I believe, convincingly strong support to the
proposition that this form of discriminant function analysis is usable as a control.
Application ef the discriminant scores for each of the ten pollen types to a pollen
spectrum recovered as a fossil record should allow reliable diagnosis of the
vegetation type which produced that fossil spectrum. At least, this should be

true if the fossil poilen record refers to one of the five vegetation patterns

controlled by these data.

6. ANALYSIS: UNCONTROLLED PGLLEN RECORDS

There are two forms of uncentrolled pollen records to which the analysis of
the control data may be applied for purposes of interpretation. The first of
these consists ¢f surface sample pollen records which are not assignable to
positions on Figure ). The second consists of fossil pollen records.

One of the 20 surface samples collected could not be assigned a position on
Figure 1 because it derived from a plot representing the Hemlock liocds vegetation
type. Two other surface samples have also produced pollen records, as a result

of sampling undertaken subsequent to the initial work in 1974. These are uncontrolled
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because the archaeologist who collected them did not record the vegetation occuring
at the collection locus. In theory, however, these surface sample pollen records

can be interpreted through application of the discriminant function analysis plotted
as Figure 5. If the analysis provides an accurate reflection of vegetation types

and the ecological parameters which condition their existence, knowlege of either the
ecology or the flora of a surface sampling locus should allow prediction of the
position of its discriminant scores on that graph.

The Hemlock ¥oods sample, for example, vas collected at a plot having moisture
and successional characteristics well expressed by its floristic and substrate
attributes. The plot is located in the sandstone substrate district north of the
Green River on the terrace of a seasonally active stream draining Blue Springs Hollow.
Within the 50 x 100 foot area sanpled, Tsuga is the dominant tree (14 specimens) and
various species of oak make up the subdominant taxon (4 specimens). The basal area
of these 18 individuals is large enough to exclude all but eight other trees frem
the plot. This, and the fact that none of the trees of the plot are well adapted to
successional habitats, documents the relatively high position the plot holds on the
successional scale of Figure 1. Both the adaptations of the flora and its topo-
graphic-edaphic situation decument the plot as representing a moderately low
position on the scale of xericity. One would predict that application of the
discriminant functien analysis would locate the pollen record of this plot between
the positions of Mixed Woods and Oak Yoods records on the horizontal scale of Figure
5 and between the positions of Beech lloods and Successional YYoods records on the
vertical. In fact, this is the case; its calcuiated co-ordinate on the horizontal
scale {Root 1) is -3.18 and its co-ordinate on the vertical scale (Root 2) is

-20.08 (Table I).
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The second surface sanple was collected from the surface of the archaeological
site named Owl Cave (GRS-19). This is a solution cavern locality in the northwest
corner of Cedar Sink, which occurs in the southvest corner of MCNP. Cedar Sink
derives its name from the prominance of Juniperus virginiana at the locus, which
is recognized as a characterizing taxon of Successional Woods. Cne would predict
that this surface sample would yield a pollen record attributable to Successional Woods
through application of the discrimirant functions analysis. Indeed, this is the
case. The surface pollen record from Owl Cave is located at -3.51 on the horijzontal
scale of Figure 5 and -17.26 on the vertical scale as a result of such analysis.

The third surface sample was collected frem the surface of the talus slope
external to the archaeological site named Blue Springs Mollow Shelter (GRS-12).

This is a sandstone rockshelter locslity situated above the terrace of Blue Springs
Hollow. It lies only a few scores of meters downstream and opposite one of the Qak
Woods locations sampled in the original surface series, and is situated about one
kilometer upstream of the Hemlock Woods location discussed above. Though no
vegetation data were collected at the sampling location, its map position in
relationship to controlled data and its topographic-edaphic situation are
sufficiently well knovin to allow minimal predictions. If discriminant function
analysis were applied, the sample should reflect habitat xericity on the order of

an Oak Woods pattern. Its relationship to the successional scale is more ebscure.
There are two reasons for this. On the one hand, the statistical probability of
accuracy of interpretation which results from use of this scale of measurement is
only .402. On the other hand, the sample was collected from a geographic area of
less than 20 mz. It is thus not comparable to the controlled surface pollen records.
Ever if the vesetation of this small plot were recerded, it would not produce data
comparable to the vegetation records of the control series. In fact, the prediction

07 indications of xeric conditions is borne out by the analysis but in a fashion
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which could not have been anticipated from available information. The pollen record
of the Blue Springs Hollow Shelter talus is positioned at co-ordinate -0.79 on tke
horizontal scale and co-ordinate -17.54 on the vertical scale of Figue 5. This
would indicate the xericity level at the talus locus is lower than any sampled in
the original series and the degree of successional advance is not appreciably
greater than that represented by the flora of Cedar Sink.

Fossil pollen records presentiy available from the three archaeological locales
(Table III1) represent a series of temporal horizons. One of the records from Blue
Springs Hollow Shelter was removed from midden deposits containing artifactual
materials diagnostic of Late Woodland occupaticn of the park, which is estimated to

date between 500-1000 BP.%

The sediments of Crump's Cave which were pollinferous
were of the upper strata examined archaeologically. These produced artifacts
attributable to Middle Woodland occupation of the gemeral area and probably date
between 1400 and 2400 BP. The pollen records of Salts Cave Vestibule are earliest
in the series. The sequence of sampled deposits incorporates a series of strata
that presumably were developed over a relatively long interval. The best available
approximation is that at least part of the sequence covers the 3500-1900 B8P horizon of
vestibule occupancy, and part nay be earlier.

Comparison of discriminant score values of the fossil pollen records with
those of the controlled modern surface samples produces different results at each
site. Presumably these reflect paleoenvironmental changes through time.

The Late toodland midden sample from Blue Springs Hollow Shelter (spec. 3 of Table
produced a pollen record classifiable to the Riparian Woods greup. Though this indicate

the occurrence of a much wetter paleoenvironment during occupation, it could well have

been very localized in Blue Springs Hollow. Establishment of a beaver dam or

4Estimates of antiquity are expressed in terms of uncorrected radiocarbon years.
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other obstruction adequate to flood that portion of the hollow below the shelter
would account for such a pollen record without invoking climatic change, and would
explain the prominance of box turtle remains in the occupational area as well.
The pollen records of the pre-occupational deposits (specimens 4 and 5) are both
classifiable to the Qak loods group. They ostensibly represent the occurence of
a vegetation pattern in the immediate vicinity of the shelter which is more or
less like that generally supported today in this area of MCNP just prior to Late
Woodland occupation.

The pollen records of Crump's Cave ostensibly date more or less to the horizon
of the pre-occupation pollen records from Blue Springs Hollow Shelter. They do
not appear to docurent the same local vegetation type, but #1is is not to be expected
since the two sites are located in different substrate provinces of the IMCNP study
area. Crump's Cave is, in fact, located about six miles southwest of the park in
a district of limestone substrate.

The pollen record of the uppermost stratum tested at Crump's Cave (spec. 1)
is classifiable to the Successional Woods group. Though this stratum incorporates
prehistoric materials it is described as very loosely compacted, disturbed and
probably deposited subsequent to occupation. I believe the pollen it contains
is, a reflectien of historic conditions. The pollen record of the secend
stratum is classifiable to the Mixed Woods group, and that of specimen 3 - which
was associated with ash and charcoal sealed by a lens of limestone breakdewn - is
assignable to the Riparian Woods group. Taken together, the two reflect the sort
of mesic local environment one would anticipate for the Crump's Cave location today.

The pollen records of specimens 4 and 5 derive from occupational strata also,
but are not classifiable in terms of vegetation patterns known in the MCHP area at
the present time. They most closely approximate the surface sediment sample pollen

record from the talus at Blue Springs Hollow Shelter, which has been evaluated as
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reflecting very xeric conditions of local ecology. The Crump's Cave sequence, then,
appears to reflect the occurrence of local, if not regional, modification of
ecological conditions from an earlier xeric to a subsequent mesic situation during
the horizon of Middle Woodland occupancy of Crump's Cave.

The fossit pollen records of profile JIV at Salts Cave Vestibule have been
previously interpreted in terms of forest type variations through time (Schoenwetter
1974b). Here we are concerned with vegetation type variation, as this is the level
of abstraction controlled by the surface sample data now available.

The four recognized temporal horizons represented stratigraphically in the ex-
cavated portions of the site (Watson 1974a:82) are represented, sequentially, by
pollen sample 18 (upper breakdown debris and clay horizon); samples 17 and 16
(midden among breakdovmn horizon); samples 15, 14 and 13 (midden-bearing brovn clay
horizon); and samples 10 and 5 (lower breakdovn debris interfingering with sand
and gravel horizon). There is no exact correlation between these horizonsand the
character of sequential variations in the pollen record, however. The pollen records
of the upper two horizons are comparable to each other, and the pollen records of
the two samples of the earliest horizon are not comparable to each other. The
pollen records of samples 17 and 1¢ date to the latest Early “oodland occupancy of
the cave. Sample 18 presumably dates just subsequent to this interval. At present
there is no obvious way the absolute antiquity of samsple 18 may be precisely estimated,
but it is probably accurate to assume that it reflects environmenta) conditions
occuring at Salts Cave approximately two to four centuries prior to the paleoenviron-
mental conditions represented by the earliest pollen records of the Middle !foodland
horizon at Crump's Cave.

Sample 18 yields a pollen record which, when assessed in reference to the
controlled surface samples, indicates the local occurrence at Salts Cave of the

same paleovegetation pattern and ecological conditions which occurred at Crump's
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Cave during the early part of the Middle Woodland horizon sampled. This should
not be taken as an indication that the pollen record of the two sites allows their
biostratigraphic correlation, however. It is unlikely that the same vegetation
pattern would have been locally prominant at each of the two locations at any given
time under eguivalent conditions of climate since each is distinctive in regard to
local hydrography and edaphology. Today the Crump’s Cave location supports a more
mesic vegetation pattern though it is influenced by the same climatic condition
which occurs at Salts Cave. If uniformitarian principles apply, this obviates the
likelihood that the occurrence of the same vegetation pattern at both locations--
at least as evidenced by the pollen of archaeological context sediments--is a
reflection of contemporaneity through biostratigraphic correlation.

It is significant to note that the pollen records of samples 17 and 16, which
date to the late Early Woodland occupation of Salts Cave, apparently reflect the
same local paleoenvironmental conditions as sample 18. The inferences to be drawn
are, on the one hand, that local conditions at the extreme of variation of the
xericity scale yet sampled in the modern vegetation patterns of FCNP were maintained
before and after the interval of late limestone breakdown at Salts Cave. In light
of this it becomes difficult to assess that breakdown as a consequence of regional
climatic change. On the other hand, the inference may be drawn that modification of
the biological environment of the Salts Cave locality was not coincident with the
termination of late Early 'Yoodland residency of the site. Some of the anthropological
and archaeological jmplications of this inference are discussed in section 8.
Suffice it to say here that the continuity of ecological conditions from pre- through
post-abandonment tima seems to obviate the prospect that the behavior of abandonment
was strongly influenced by environmental change.

The pollen records of the Salts Cave Vestibule midden horizon are corparable

to each other in this analysis but not comparable to those from the superimposed
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deposits. Their position on the scales expressed on Figure 5 indicates they

derive from a vegetation pattern significantly more xeric, and perhaps also evi-
dencing significantly less successional advance, than any of the vegetation patterns
occurring in MCNP at the present time. The inference to be drawn is that during

the principle period of Early Woodland residency of the site, local vegetation was
adapted to such xeric conditions of paleoenvironment that--relative to the present--
the character, gquality and distributions of bistic resources in the area were
modified in major fashions.

The 1ikelihood that the xericity of the paleoenvironment was climatically
induced is not evaluable from the MCHP polilen data now available because it references
local conditions. The date of this environmental interval at Salts Cave, however,
is estimated to 1ie in the 3500-2500 BP range on the basis of ihree radiocarbon assays
(Gak 2822, 2765 and 2766). Wendland and Bryson (1974) date the transitien frem
the sub-Boreal to sub-Atlantic climatic "episodes" (Bryson et al 1970) ca. 2760
8P. There is thus general information derived from the palynological record of
the northern hemisphere to indicate that both the local maximally xeric and the
local relatively xeric conditions expressed in the pollen records of Salts Cave
were climatically conditioned and do not reflect strictly localized paleoenvironmental
modification.

The two pollen records of the earliest stratigraphic horizon of sediment
accumulation are not comparabie to those of the midden horizon nor are they comparable
to each other. The sample from stratum 13 {specimen 10) is comparable to the
records obtained in the upper stratigraphic units of this site and those referencing
the earlier part of the Middle Woodland period at Crump's Cave. Taken at face value,
it seems ta reflect the local occurrence of relatively xeric conditions and vegetation
of a type not now observable in the KCRP area. There are two problems, however,

which reflect strongly on the prospect of accurate analysis in this case, First, the
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number of pollen grains observed in this sample is low and the number upon which
frequency values of the significant pollen types is calculated is lower still. The
probability that the population of pollen grains sampled in this case derives from
some other vegetation pattern than the one evidenced is thus higher than occurs in
the other Salts Cave vestibule records. The occurrence of single pollen grains of
walnut and elm, in this instance, strongly influences the analysis. Second, no
pollen records are yet available from temporally equivalent or temporally similar
deposits at the site which would offer a means of evaluating the replicability of
this record. Tn combination, these problems justify recognition that--at present--
the analysis of this pollen record must be considered sufficiently insecure to
obviate reliance on any interpetive statement which might be advanced.

The record of pollen sample 5, derived from the basal sands of the section,
is comparable to that of the modern surface sediment of the Hemlock Woods plot.
Taken at face value it indicates the local occurrence of a vegebation pattern adapted
to conditions wliich are more xeric than those occurring today at Salts Cave but not
more xeric than occur today within the boundaries of MCNP. If the Salts Cave area
supported human populations at the time. they would presumably have had access to
the resources of one type of vegetation pattern which does not now occur there. But
the distribution (and possibly quality) of other vegetation patterns would probably
have been quite different from that we observe today.

These inferrences also must be regarded with seme skepticism, however. Again,
we are dealing with the evidence provided by a single pollen record. The problem is
compounded by the fact that we have only a single surface sample of Hemlock MHoods
vegetation to guide the analysis and no quantitative evaluation of the degree of
Xericity that vegetation type might express. The cemparability of this record and
the modern surface record from the Hemlock ¥oods plot is statistically adeguate, but
lack of replicability must be taken into account in assessing the accuracy of the

reconstruction advanced as a result of analysis.
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7. INTERPRETATION OF THE FOSSIL RECORD

The earliest archaeological context pollen records of the MCNP can be analyzed
in terms of the vegetation patterns evidenced, but such inferrences are not yet
sufficiently well supported to serve as a finn basis for interpretative remarks.

When these pollen records can be controlled through replications and expanded surface
sample studiss, it is likely they wiil reflect paleoenvironinental conditions in the
study area during the Atlantic climatic episode.

Reasonably firm evidence referent to the Early Woodland period allows recogni-
tion of an interval of very xeric egleoenvironment that probably ended ca. 2760 BP '
and a succeeding interval of relatively xeric paleoenvironment. Little modification
of Early Woodland resource extractive strategy seems to have been conditioned by
this paleoenvironmental change even though the change itself is 1ikely to have been
climatically induced and therefore regionally effective. Madification of hunting
strategy is evidenced subsequent to the change, but the available record would indi-
cate that hunting was not a significant resource extraction pattern used by the
Early Woodland residents of Salts Cave Vestibule at any time (Duffield 1974:133).
Though modification of the resource extraction pattern which involved cultigens and
exotic plants (e.g. Cucurbita) did occur during the Early Woodland, this behavioral
modification preceded local paleoenvironmental change by some centuries.

Relatively xeric conditions of paleoenvironment appear to have been maintained
without local modification through and after the period of termination of Early
Woodland culture in the study area. Local vegetaticn pattern changes had occurred
by the time our pollen sequence picks up again in the Middle Yoodland period, but
these may not reflect regional modifications of paleoenvirorment. The record offers
no indication that the modification of culturai systems from that we identify as
Early Woodland to that we identify as Middle Hoodland was influenced by paleoenviron-

ment changes occurring in the study area.



During the course of Middle VYloodland occupation of the MCNP district another
paleocenvironmental change took place. Relatively xeric conditions which supported
vegetation patterns not now observable in the park were replaced by more mesic ones.
At Crump's Cave local vegetation of the sort that was probably present at the time
of American pioneer entry to the study area became established. The same is probably
true for the Blue Springs Hollow Shelter locale. The date of this transition is not
known, but it is not unreasonable to suggest it took place between 1700 and 1600 BP
and marks the termination of the sub-Atlantic climatic episode and the initiation of
modern (Neo-Boreal) climatic conditions.

Though the characteristics of the local and regional resource base must have
been profoundly affected by this paleoenvironmental change we presently have no
evidence of behavioral or cultural modifications that may have occurred as a result
of, or been conditioned by, the change. Partly, of course, we may account for this
by cur rather limited understanding of the nature of Middle Woodland culture in the
park area. Presently, most of vhat we know only allows recognition of the temporal
placement of Middle Yoodiand populations.

The regional paleocenvironment conditions initiated during Middle 'loodland
times appear to have gersisted until the present. Local paleoenvironment modifica-
tions are recorded for the Late VWoodland period, but could be explained without
recourse to consideration of regional scale factors. Presently available cultural
information supports this interpretation to a degree, since it provides no evidence
of significant change in resource extraction strategies from Middle to Late
Woodland times.

There are two issues of some significance which reaquire resolution for acceptance
of these interpretations. One is the issue of the potential influence of human
behavior on the pollen records. The other is the relationship of prehistoric
resource extraction technology to the characteristics and distributions of the

paleovegetation patterns.
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The discriminant function analysis utilized is highly influenced by frequency
values of two pollen types likely to have been introduced to the site area as a
result of plant harvesting and storage activities: Chenopodinneae and Compositae
pollen. Chenopodinneae and Compositae pollen also are produced by species adapted
to disturbed soil conditions. so may have been locally prominant as a result of
human traffic and waste disposal near the sites. Thus high freqQuency values of these
taxa may be artifacts of human activity patterns in fossil records which, if they
occur, would bias an analysis based on the comparability of fossil and modern
pollen values.

The problem is greatest in the case of the Salts Cave Vestibule records
referable to the Early Woodland horizon, for a wealth of available evidence
(Watson 1974b) documents the harvesting and storage of species producing both pollen
types by the cave occupants. Is it likely that the palynological indices of
xericity in sampies of this age are artifacts of man-induced variation in pollen
frequency? Though I grant the possibility, I Lelieve the probability of such an
inference to be lower than the inference that the fossil pollen records are
true indices of the local vegetation.

[f the pollen record were influenced to a significant degree by human disturbance
of the ltocal environment, one would expect that as occupation proceeded this
disburbance would be progessively more pronounced. Presumably, it would rise from
a minimal to a maximal level and be maintained more or less at that position until
occupation ceased. Then it would fall off to a lesser level subsequent to
occupation. Neither the Chenopodinneae nor the Compositae pollen discriminant
score values pattern sequentially as expected by this reconstruction. Root 1
discriminant scores for Compositae (Table I) are not significantly different prior
to cave occupancy (sample 10), during cave occupancy {samples 14, 16) and subsequent

to cave occupancy (sample 18). Root 1 discriminant sceres for Chenopodinneae are
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maximal early in the period of cave occupancy (sample 13) but show a pattern of
decline there after until the terminus of occupation and then increase significantly.
If occupation of the cave created disturbed conditions in the inmediate area
supporting stands of Chenopodinneae and Compositae pollen producers, these
pollen records leave no clue to their existence.

If the pollen record were influenced to asignificant degree by pollen harvested
with the seeds of Chenopodinneae and Compositae pollen producers, we would expect
to observe an increase in that pollen if harvesting was increased. Yarnell (1974)
provides clear evidence from the JIV profile of an increase in the harvest of

Chengpodium and Iva in level 4 relative to levels 5-7. The Root 1 discriminant

scores of Chenopodinneae and Compositae pollen, however, decrease in level 4 relative
to levels 5-7. The apparent xericity of paleocenvironment during the Early loodland,
then, is not as easily interpreted as an artifact as it is interpreted as a natural
phenomenon.

Though far less is known of the patterns of prehistoric resource extraction
strategies in MCNP than we would prefer, flotation of archaeological context deposits
of fers a substantial body of evidence relating to this matter. Present indications
are that the subsistance strategy of Carly Yloodland populations centered upon seed
and nut harvests supplemented by game and collection of wild native fruits and
pot herbs. At least two of the seed crops were cultivated. During the later phase
of Early Woodland occupation at least one exotic cultigen (Cucurbita) was added as a
resource and subsistance dependence on seed and nut harvests was intensified. In
the Middle Woodland pericd nut harvests and gasne resources seem to have been more
emphasized than was the case earlier, though cultivation of exotic species was
mdintained. This pattern is also evidenced for Late %{oodland populations, but

there are some indications that by this time cultivation of native seed crops had
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been abandoned as an extractive strategy.

Throughout the seguence, reliance upon species adapted to floodplain and
disturbed soils habitats is emphasized. The primary seed crops--sumpweed, chenopod,
amaranth, knotweed, pokeweed, sunflower, maygrass and panic grass--flourish as a
natural association on seasonally disturbed and replenished floodplain soils. The
primary nut crops--lhickory and oak during the Early Woodland and hickory and walnut
during the Middle and Late Woodland periods--also may be attributed to the floodpiain
habitat. Hickory and oak species are well adapted to more xeric habitats as well,
and walnut is not uncommon in Mixed Voods stands, but there is no reason to require
reconstructions of plant food extraction strateay beyond the floodplain margin.

Interestingly, in the study area floodplains constitute the niost stable {owm
of habitat available. The major streams are supported by underground reservoirs,
as are many minor creeks which flow as a result of the discharge of springs. Thus
the principle flow of many floodplains is maintained through periods of drought,
vwhile seasonally increased flow occurs as a result of the rclease of winter pre-
cipitation. Climatic fluctuations, particularly in the degree of xericity, thus
have much more pronounced effect on other vegetation patterns than on Riparian
Woods. Subsistance strategies oriented towards the harvest of Riparian ¥oods and
floodplain resources, then, ¢ould maintain a high level of consistancy in this area
irrespective of climatic change. At least, it would be relatively easier to main-
tain a subsistance strategy which was floodplain-oriented without technological
modiTication over many millenia than one oriented towards the resources of other
vegetation patterns.

The evidence o7 the archaeelogical record, of course, is that subsistance
strategy did undergo variation through time. OGn the one hand, the palynological
record indicates that these changes bear no temporal relationship to paleoenviron-

mental changes which occurred in the area during the period of occupancy. On the
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other hand, assessment of the habitat reaquirements of the vegetation pattern from
which the major subsistance resources were extracted indicates that this habitat
would have been least affected by the sorts of palecenvironmental changes which

took place.

8. ANTHROPOLOGICAL IMPLICATIONS

The interpretations drawn in the prior section threaten to some degree two
widely accepted positions of modern anthropological theory as it is applied to
archaeological research. Though it is premature to assess this threat as grounds
upon vthich that theory should be seriously questioned, it is viorthwhile at this
juncture to elucidate the issues involved and to examine the relevance of this
situation to the question of its influence on plans for future
archaeological investigation in the MCNP area.

As characterized by Leone (1572), modern archaeological work relies upon an
evolutionary theory of cultural change which accepts a systems perspective and a
cultural ecological approach to the analysis of prehistoric patterns of behavior.
The rele of environmental factors in cenditioning and influencing the nature of
habitual behavior patterns is recognized as crucially significant in this theory.
Any major modification in the bio-physical or the socio-cultural environmental
context in which a behavior pattern functions is thought to operate to select
positively certain ranges of behavioral variation and negatively select against
other ranges. Thus, by a process the anthropologist calls adaptation, habitual
behavior patterns are modified to function more efficiently or effectively in
the new environmental context and culture change is effected.

Modification of environmental parameters Should, if the theory is accurate,
create conditions stiiaulating the establishment of new functionally effective

relationships between environmental context and the behavior of a population. The
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major paleoenvironmental variations which occurred in the MCNP area late in the
Early Woodland and during the Middle Woodland periods, then, should have had a
clear and immediate effect upon the behavioral patterns of MCNP populations. We
presently have no archaeological evidence that this is the case. Similarly, the

m jor behavioral change involving late Early Woodland intensification of extractive
stratedy should, theoretically, have resulted in adaptive restructuring of rela-
tionships between habitual patterns of behavior and the socio-cultural context in
which they occurred. No archaeoiogical evidence of this has yet been recognized.

A second theoretical proposition of medern archaeology is that the subsistance
strategy of any given prehistoric population functioned either to maximally
exploit the food resources of its territory with a minimum of energy investment
("mini-max" model of Pleg and Hil1 1671) or to fuliill minimal food requirements
by selecting the least cost options among alternative courses of economic action
("satisficer" model of Joachim 1976). Though other economic models having strong
parellelisms with ecological models are recognized (Rappaport and Turner 1977),
archaeologists have not yet found them applicable.

Neither model, however, seems suitable or appropriate to the MCNP archaeolo-
gical recerd. I4CNP populations appear not to have maximized the extractive
strategy most consistant with paleoenvironmental conditions occurring at any given
time. If they had done so. one would anticipate the recovery of archaeological
evidence of extractive strategy modificatijon coincident with, or lagging shortly
behind, paleoenvironmental modification. In fact, the record indicates that those
changes which were made in extractive strategy preceeded peleoenvironmental
changes and were not modified further when paleoecological variations then occurred.
Nor cdoes evidence of satisficer behavior show up in the MCNP record. If this were
the economic pattern employed one would expect a very consistant suite of extraction

strategy activities to have been employed throughout the occupational history of
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MCNP since the resource zone exploited is a very stable one not much subject
to modification as a result of paleoclimatic change. But thfs is not what is
indicated. At one point in the sequence a pre-existing extractive strategy is
intensified in the direction of more seed cultivation and harvesting and later it
is modified in the direction of more intensive nut harvesting. 1If one of these
variations is the least cost alternative, the other cannot be.

I am not proposing that the lack of congruence between the archaeological
record predicted by accepted theory and that observed calls the credibility of
accepted theories into serious gquestien. 1 am concerned more to point out that
it raises serious doubts about our ability to recognize behavioral modifications
of the sorts significant to our theoretical propositions on the basis of the
data forms normally recovered and traditionally considered significant for the
interpretation of prehistory. It weuld appear that if we are to make research
progress in our study of the archaeology of this area we must come to grips with
the issue of the effectiveness of the research design that has been employed to
date. New directions for research seem to be demanded, as those we've been
following appear to he ieading us ever deeper into areas of confusion some rather
basic theory informs us should be reasonably clear.

I am quite unsure of the research directions likely to prove profitable in
future study of the archaeological record of the MCNP area. Because a great
numtber of logistical and methodological problems impinge on any ferm of archaeological
study, that matter should most properly be addressed by archaeologists far
more familiar with the particulars of archaeological work in the area. In general
terms, I think two alternative research orientations--or a combination of both--
might be effective, however. One of these is research into the guestion of the
chiaracter of archaeological data already accumulated which has been Targely

ignorgior studied only in traditional fashjons until now, Our theory predicts that
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certain behavioral changes of an adaptive character are recognizable in the data
we have. Perhaps our principle problem is that we've not realized the significance
of certain information now available or not identified analytic procedures to
extract it properly.

The other orientation is research into the question of the appropriateness of
identif ying prehistoric behavior patterns in the ways we have done until now. Our
research tendency to date has been principally oriented towards jdentification of
prehistoric activity patterns as members of a given class: horticultural activity,
mining activity, hunting activity, disposal of the dead activity, ceramic manufacturing
activity, stone tool manufacturing activity, settlement location activity, etc. We
have tended to leave examination of the behavioral boundaries of such classes either
unstated or unresolved as a general rule. We have looked into the question of how
one class of activities may serve to amplify and re-enforce a deviation from the
behavioral norm of another class, but our methods are more oriented to assessments
of the distinctions between the classes than to their overlaps and similarities.

I am quite well aware of the difficulties even the most knowledgeable,
skilled and creative scientific archaeologist faces vmen confronted with the
challenge of identifying and implementing new research orientations for the study
of a mass of archaeological records. I have no idea if such a challenge is even
worthy of serious consideration and conmittment in the study area at present.
8ut the implication of the results of research to date is that some very real
and very significant problems remain to be resolved and the research orientations
that have been used do not seem to be adequate to ihe purpose.

It may be true, when taken in perspective, that it is yet necessary to pursue
existing research strategies for an undefinable period. Those problems that can
be identified as requiring resolution are yet only conflicts between what theory

predicts we should expect as a general rule and what we actually observe. Before
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a significant comcittment is made to specific new research designs, it may be most
profitable to attempt to better clarify the specifics of predicted expectations and
use existing research designs as means of assessing more exactly the discrepancies
that seem to exist. The point of this portion of the report is not that of
attacking either the anthropological theory or the archaeological methods presently
used. The point has been to establish a reference position from which one may
evaluate problems and consider the advantages and disadvantages of the pursuit of
present orientations. \thether or not a new tack is chosen is really not at issue,
as I understand the situation. What is important is that the matter is not ignered
when it is necessary to formulate programs for additional archaeological work im

the MCNP district.
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APPEND1X: TECHNICAL INFORMATION

Pollen E£xtraction Procedure

The extraction procedure in general use in this laboratory (Schoenwetter
19875) is a modification of that designed by Mehringer (1967) for extraction
of pollen from sediment saiples of large volume. The normal procedure was
modified for this sample series to involve (a) boiling the extract in HF in
a nickel crucible for 20 minutes as a means of further reducing its inorganic
fraction, and (b) subjecting the extract to acetylation (acetolysis procedure
of Erdtman 1943) as a means of reducing its organic fraction. These modifi-
cations were also used by Gish (1975) when extracting pollen from surface and
archaeological context samples from Visconsin.

Tabulation of Results

Table II: Pollen observed in the controlled surface samples. Locality
designations follew the system employed by Faller (1975) where possible.
Field records identify UTM co-ordinates of the sampled location on the U.S.G.S.
Rhoda and tammcth Cave 7.5' quadrangles.

TabTle III: Pollen observed in the uncontrolled surface samples and the
fossil samples of Blue Springs Hollow Shelter and Crump's Cave. Pollen
observations of Salts Cave Vestibule deposits are already published
(Schoenvietter 1974b:160-101},

Table IV: Discriminant weights of the taxa of the third discriminant
function analysis. Discriminant scores for a pollen taxon are calculated
through multiplication of each pollen frequency by its discriminant weight

value and addition of all values obtained.
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Variable Root 1

Quercus -.0146
Carya -.0213
Ulmus -.5889
Juglans -.2312
Liriodendion -.0994
Fagus -.3607
Chenopodiineae .3120
Gramineae -.0867
Magnoliaceae -.5951
Ambrosieae & Tubuliflorae -.0005

Root 2

-.2041
-.229¢%

'

5416
-.0218

.2098

.6501

1735

t

.1978
-.2034
. To26

Table IV. Discriminant weights of the third discriminant

functions analysis
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Efficiency of the Palynological Investigation

A1l of the 20 controlled surface sample collections irade by Schoenwetter
and Faller in April 1974 yijelded polliniferous extracts. One of the three
uncontrolled surface samples collected by Carstens in Novediber of 1974 was
not polleniferous. My suspicion in that instance is that too small a geo-
graphic territory was sampled and that highly localized conditions adverse to
pollen preservation led to low productivity of the sampie. The controlled
samples were collected from plots of varying size, but never less than 100 m2.
This should be kept in mind when additional surface sampling is undertaken.

The five uppermost samples collected from Crump's Cave Test A were
polleniferous; the three samples collected at greater depth - also associated
with Middle Woodland artifacts - were not. The extracts of samples 6 and 7
were very inorganic and difficult to observe hecause of the occurrence of
colloid. The extract of sample 8 contained an abundance of such organic
detritus as leaf epidermal and parenchyma cells and fungal spores. It seems
likely that seomerphological processes have adversely affected pollen pre-
servation in samples 6 and 7. I suspect that sample 8, however, was collected
from a deposit which formed relatively slowly. This may have encouraged the
destruction of pollen falling on its surface by herbivores and saprophytes.

Of the nine samples submitted from Owl Cave, only the surface sample was
polleniferous. Test pit D, source of the non-polleniferous sediments, may
have been located at a position where sediments are too protected to trap
adequate quantities of atmospheric pollen rain. The slope of the deposits of
the vestibule chamber of Salts Cave allowed in-wash of pollen with rainwaters

running off the surface of the solution sink. At the location of Test D
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in Ow] Cave, the slope of deposits is such that only atmospheric pollen
could accumulate on their surfaces as deposition proceeded, or pollen intro-
duced by human agency.

At Blue Springs Hollow Shelter two sediment profiles were sampled for
pollen analysis and one sample was collected from the fill of a pit feature.
At profile ;%, OW the two samples of sediments superimposed on the main
midden deposit were not polleniferous; 1n fact very little organic material
of any sort was found in the extract. The midden sample, in contrast, is
extraordinarily productive of excellently preserved pollen; a drop of
extract allows examination of ca. 2000 potlen grains. The two samples
collected from submidden deposits in this profile are similar to modern surface
samples as regards productivity and preservation, At profile 5%, OW - another
very protected Jocus which surface runoff waters could never have affected
significantly - none of the 12 samples collected proved polleniferous.
Inorganic detritus dominates the extracts in all cases. The garbage pit fill
sample was of the same character.

Efficiency of modern surface sample pollen study thus is quite high
(96.5%), as expected, but that of archaeological context samples (32%) remains
low. This efficiency value is yet lower if tke shell midden deposit samples
from sites east of the park are considered. It would appear most judicious
at this time to maintain palynological research investment at about the same
level as has been done, rather than increase it very dramatically. Sampling
prosrams for recovery of beth surface and archaeological context deposits can
and should be elaborated as normal activities of archaeological work in the area.
But until patterns emerge which may indicate which sarsples have maximal

probability for producing pallen records, it vould seem appropriate to proceed
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e:} cautiously as regards the investment of significantly larger amounts of time
and money than has been done so far on the archaeological pollen analysis

of Mammoth Cave National Park.
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