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IHTRODUCTION 

The �nalysls of pollen from archaeological context deposits WlS attempted In 
conjunction with the Hel� Project for two principle reasons. On the one hand, 
pollen analysis offers potential as a relative dating technique when used as a tool 
of biostratigraphic correlation. Since the relative t�oral relationship of the 
occupation cOIJ!I)Onents of the Helm Project sites is roughly known, it was hoped 

·palynological study would refine the available archaeological chronology. On the 
other hand, pollen analys1s offers potential as a technique of paleoenvironmental 
reconstruction. If the rehtlonshlp between mdern conditions of sHe envlronmellt 
and those occurring at the tl� of occupation could be understood, Insight might 
be offered Into the character of cultural ecological relationships at different 
horiZons of prehistory and cert�ln explanatory hYpotheses regarding cultural change 
through time might appear evidenced. However, the decision to undertake a pollen 
analysis had to be recognized as a calculated risk. First, no prior attempt to 
extract pollen fl"Oll archaeological context deposits had enn been fDllde for sucll 
sites or In this area. There was no way to gUArantee that fossil pollen records 
could be recovered from the samples collected. Second, even If pollen could be 
recovered In adequate quantities frow. the archaeological samples, other pollen studies 
acc�llshed In northern California (e.g. Heusser, 1960) lI�ve been generated througll 
llmnologlcal research. Since arcllaeologfcil context deposits are not canparable to 
the aquatic deposits previously Investigated, part of t� palynological research 
associated with the Hel�s Project would necessarily be that of the development of 
a set of standards which would allow Interpretation of the fossil pollen records. 
It could not be known If this could be acc�llshed with the suite of pollen sa.ples 
available. 

The issue, then, was only partly one of the potential of the palynological 
study to resolve problems relevant to the archaeological Investigations. Equally 
significant was the exploration of the potential of the archaeological context 
sedll!1f!nts to yield patterned, interpretable, forlllS of palynological record. If 
this potential could be realized, an additional pathway to the resolution o f  
archaeological problems would be Initially cleared. We would also b e  In a position 
to extrapolate our experience to determine the parameters of further desirable 
research In the area of archaeological pollen analysis In the California Sierras. 

The 56 pollen samples submitted were recovered fron 8 different sites on the 
eastern slopes of the San Juaquln Valley at varyjng elevations. At the Initiation 
of the analysis, nothing WlS known about the preservation or amounts of pollen I n  
the samples, or even how variability In the pollen record might reflect variations 
In ecology. Because the sites are situated at a range of elevations, and therefore 
are located In different vegetation zones, considerable differences between th� 
In contanponlneous pollen record �re expected. But It was not known what the most 
p.lrsll11Onlus Indicators of the differentiation would be. Further, preservation of 
sub-surface pollen would have a strong affect on the amount of pollen observable In 
a sample and therefore theecpendlture required to draw significant conclusions about 
a sample. But our opportunities for observation and analysis were limited by 
budget considerations. 

KETHODS AIID TEOt/HQurS 
Pollen of the sediment sa�les was extracted according to the standard Arizona 

State Unlversl� Palynology Lab procedure (Schoenwetter 1975). This produced clean 
sa��les with the exception of site S-391 and portions of sites FRE-667 and -682, 
which remained too organic. Host samples had. strong reactions In HF and required 
many rinses after KOH treatment to reduce organic content. 

, 
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Pollcn preser'/allon WdS excellent for all surface samples; r.1Ost 200 grain 
surface pollen co�nts are (rom 3 or fewer rows on the s11de. However the emount 
of pollen per drcp of extract declined drastically with Increasing depth below 
surhee. Soo times only 30 or 40 pollen grains l1ere observed on an entire slide 
from lower stratigraphic levels. 

Tho'lgh (oss11 pnllen samples yielded less well preserved pollen than surface 
samples, �he pollen ef deeper levels was not more poorly preserved than that of 
'Jpper levels. In otder to assess the labor requirements of the analysis, a count of 
the first 200 pollen 9ral'5 was attempted for Jvery sample, bul If �re than one hour 
�as needed to count lOO lira Ins, only 10� were counted. If one drop of ext.racl 
(- one !illde) yielded less th .. n 100 �.�alns, the count liaS halted after those observa� 
tions were recorc�d. A ff:"..1 s�JIIPles had s o  little pollen they were not deemed worth 
counting cit all. In these cases the proportion of organic debris to pollen was the 
critical facter. 

The reStkcl\ "'I'slgn was orlent"!d towarcls identlffcat\')n of pollen record 
'/arlatlons l1�ely to ,:lVC l'es'l1ted frem cl lr, atic 0" nat·,ral vClletatlon cha7l!Jes and 
,I\ose ll�ely to have r�s�lte� ir� Ch�nJf:5 in h�an ataptlvf: strate3les. The suite 
of surface pollen s��les ser�ed as the primary control series, These samples 
ostensibly yield pollan records reflecting the response of pollen rain to modern 
cliNte and vegetation Iml are uninfluenced by human behavior patterns. Insofar as 
the fossil pullen �ecords are comrlrable to the pollen spectra of the surface samples, 
they Day be interpreted as similar reflectlc;;s of climatic and vegetation patterns. 
Differences that ca:"! be S":nt.l to exist between rodern and fossil pollen rf,:ords, 
hO'l";cver, ce,,1j refler:t t e  eff�ct of � ' .. 'ma :"! 3ctl..,r.s since the sa;nj.lles are recovered 
frOl:I an arcIJE'·'oglcal c'nte�.t. \;-! presume that such hl,lMn actions as affect the 
pollen rec'.reb Jf an '\rc ... · � lloSlcal c{'ntex� are likely to Indicate adaptive strategies 
of plant resv�,.::e prt.��reme'1t and pr(;�esslng subsystems. 

On£ d�f�erence that occurs between ��ern and foss11 pollen records, however. is 
rot likely to result fro-l t;Jl\\ln act10�. Pollen p�eser\latien in terrestrial deposits 
is Influl'nced r.lOst sl�111ficant11 by the pr.ysio·chemlcal character of the deposits: 
p3rticularly ty tile 1.l?1�1t: W1�r. which the c!eposlts are fomed and tile opportunities 
til"!,Y ,..rovlle fer t'le intr()(:u�t·;on of aerobic or9�nlsl":1s which fred on pollen grains. 
�Jt jf preservati(;n of pollen occurs dlfferentially··th�t ls, If some pollen types 
�re de�troyed when others are not��t�e fre�oency values of the pollen record will be 
affected. This may proc!UC2 fossil poll�n re.:orjs which mimic those reflectlr.g natural 
Dr cullural processes t). tre not true I ndicators thereof. Since the factors 
lnfh.;!rc!ng �·.l1l:n :.>r:servltlou se·cn to b, hignly l.j,:alh'!d for the r.lOst part, one 
dci:S not e .. ; .. ct dlfferent'rl �'r'�1!rvetiLn of pollen to a "'" , ect fllAlIJ samples In exactly 
,h� same way. Our wcrk1n� aS�IIIrI;:otlon Is t�.at replication of results 1n different 
levels of a S1t1 or at dH;e"l!nt sites Indicates tilat differential preservat10n of 
,:ollen has little or no �1of1uvn��"n th� r.;c�rd. T.1US .... � hold tllllt replicated, 
patterned, polle. sta-..Ltics are refle:t1ons of natUfal or cu:tural pracenes wtlich 
aff�ct vegetation, anc! tnJt dlfferentia� pres�rvatlon Is Indicated by stochastic 
vaflatlon. 

��SIIl.TS OF ANALYSIS: SURFACE SA."II'LES 
The surf,lCE' sanmle poll�n recorc!s (Ta!;1e I) clearly document pollen rain 

�arlations a� diffe,l:I'1t elevatlor.$ which ere apparent responses to distinctions In 
v�etatlon pattern anu climatic para�et�rs. If one assumes t�at the sample collected 
at O�IO em depth at site FRE·5�4 (elev.�7100·) provides the sort of pollen record a 
surface sample fr()al thh l£'catiJn would prcdl,lce, the varying propertlons of pine, 
Cupressaceae, oa� and CO/.p,'sitae (lXIstly Tu��l1florac) p:Jllen Which art predictors 
of vegetation pat�err. ��! !c!entif 't Jll! as In TaDle II. Other species do not contribute 
fO the surface ,nllen ral" In statlstica11y significant amounts. The frequency 
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values of the lndlc�tor 
is' In tht ,,' 

the elevation of the site. Pine 
Tubullflorae and Anthemidae 
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rain 
not even appe .. r '::: :::::;::; At site FRE-514. at 7100' annual for ninfal1 and 

temperature are encountered at t
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We would expect a pollen rain because of are 
observed, there is due to 10gg1n9. 
species are different site. No surface were 
this site. but the fossl1 POllen;:;:;,;;;, from the 0-10 e rn does not vary :

:
:�;:;,:�" t

" ly from the surface pollen record presented for site 661, In spite of the dlf' In �egeutlon. 
Site FRE-756 lies at an elevation of 5640 feet. Annual rainfall values are 

similar to those of higher elevation though s�r temperatures average In the high 
elghth-s. The site has been logged. Incense cedar, black oak and ponderosa pine are 
observed at the locale. with buc�brush and manzanita. A wider variety of non-arboreal 

is in this vegetation tone. However, the pollen record Is not 
from that of the 7100' or 8320' contours. Pine pollen Is 

�nd oak and Tubullflorae pollen values are numerically increased, 
are not statistically significant. In other words, the envlron-

at sites 661, 534, and 756 cannot be distinguished palynolo-
have average winter rainfall as a common environmental .�, • • 't.,:: values for pine pollen observed at all three 

• contOUT. A portion of the has been ';:�:: ;�" 
records locate the site In a � ' oak forest vegetation zone. The 

site shows statiltical change relative those of 
sites. The pine pollen value decreases to 60-66% and 
(cf. cedar) values are significant for the first time. 
occupied by site 608 can be distinguiShed from those at 
of Its palynological record. 

Site FRE-741 lies at the 2800"',�:;:'
:

"; 
cMparra 1 lind foot� lis woodland. S 
observed. Pine- pollen frequency 
significantly different from the 
have risen significantly. Th:,",;,' 
sites of higher elevation In 
the frequency of pine pollen. 

.t 
frequency;; "i"'.;i 

zone 
basis 

surrounded by 
species are 

... ,'" Is not 

Site FRE-682 Is at the 2000' contour In oak chapparal vegetation. Ralnflll and 
temperature are similar to site 741. A greater variety of arboreal and non-arboreal 
species Is observed at the site of collectfon of the pollen sample but the surface 
pollen record of site 68Z Is statistically indistinguishable from that of site 741. 

Sites 608, 741, and 682 are not similar as regards vegetation zone or local 
vegetation pattern, but they all receive about the s�me amount of winter (November 
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tatlon. The average annual vllue··approximately 20".-1s I 
that received by the higher elevation sites (25�). It 

average annual winter precipitation value 1s reflected I 
1n these sites , and higher average values are reflected 

elevation Sites. Site 608 has much the same sort of 
,",,,,_741, but site 682 is quite distinctive In 

are similar to each other but distinct from 
variety of forbes in the local vegetation. 
the Tubuliflorae tribe of the Composltae 

the growing seasan of the lower elevation locales. 
high Tubulfflorae pollen frequency values In 

the elevati on , and the greater quantity of pine 
is a response to length of growing season. 

sampled (FRE-622; 640' elevation), the vegetation 
Is lone. The area has been cultivated, however, so the ;;::':;:, �"::�::; :i;; p(lttern My be the result of d1sturbllncl.'. If thls is true, 
�I oak pollen to be over-represented, But the frequency values of 
pine, oak Tubullflorae pollen occurring In this sample are consfstant with the 
patterns observed at higher elevation loc<llI.'5. That 1$1 they siMilarly indicate 
a locale with a low Iverag!.' winter precipitation valUe low pine value and low oak 
value) and it long growing season (high Tubulfflorae value). The frequency values of 
Anthemidae (cf. sage) pollen and pollen of spring annuals (Geranlaceae and 
Plumbaginilceae) are on the order of these observed in the desert scrub zone east of 
the Sferras (Mehringer 1967:140). These pollen values thus appellr to reflect the 
significantly higher average annual tewperature values obse�ed at low elevations 
today. 

RESULTS OF ANAlYSIS; THE FOSSIL SAMPLES 
Tables III. IV an d  V illustrate the fossil pollen records of zites 661, 534 and 

756 respectively. The surface pollen sample records of all three sites are comparable. 
All of the fossil pollen records of the three sites are also comparable. Site 534 
has yielded radioclrbon evidence of greater antiquity than Is Indicated for the other 
sites. Presurr.ably. the deepest pollen ulI"CIles (90-100 an at proftle XJX-3B6 and 
8O-90 an at profile XIX-BI B) are appro�fmately 5000 years old. But no changes occur 
In either of the pollen sequences from this site. nor is there evidence of palynolo
gical variation over time from either of tile other sites. The most parsimonious 
Interpretation of these data Is ttlat all of the fossil pollen samples renect the 
same ecological conditions which are unifomly reflected by the surface samples of 
these sites. Presumably. thls indicates that the significantly high average winter 
rainfall values now common to those locations have not changed substantially over the 
lest 5000 years. 

At site 608. which dates no earlier than 1000 A.D. but which was occupied until 
the hlstrolc period. there Is less oak In the fossil than In the surface samples 
(Table VI). This could be a reflection of a preserv�tlon problem. ne oak pollen 
observed 15 s�ll. and often battered. Two subsurface samples ylelde<l only SO Sraln 
counts because the preservation is so poor. and two samples produced less than SO 
grains per drop of extract. However. sf�ilar relationships of modern to fossil pollen 
values also occur at other sites. 

Site 741 is characterized by a series of re-occupations In prehistoric and historic 
ti�s. The historic occupation is presumably represented In the upper 30 em of the 
salllPled deposits. The oldest occupation level sampled could be older than A.D. SOO. 
The sequence of pollen values (Table VII) Is quite variable but seems to break down 
Into a series o f  pollen zones. The younsest zone is represented by a single sample 
(15 cm level) which is ostenSibly of historic age. It Is characterized by an 
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e�treQtly high Tubul1florae pollen value and significantly lower values for pine and 
o�k pollen than occur In the surface pollen record. The second zone Is represented 
In the 30 em. level. This pollen record Is ccmparable to the surhce pollen spectrloWl. 
and ostensibly represents the occurrence of essentially .odern ecology at the site 
just about the protohfstoric/hfstorlc horizon boundary, 

The third pollen zone 1s represented In the samples from 4S and 75 C� depth. 
Oak pol1�n values are comparable to those of the surface, but pine pollen values are 
significantly lo�r and Tubulfflorae values so�at higher than occur today. 
Relative to the situation today. these samples seem to reflect the occurrence of a 
paleoenvironment which was generally distinctive in regard to the forhe vegetation 
but has ahout the same level of winter precipitation. The fourth pollen zone is 
represented by the two oldest samples, w�ich contain significantly more pine pollen 
and less oak and Tubul1flor�e pollen. The y would seem to indicate the <lncfent 
occurrence of signffiC<lntly incre/JSedwinter precfpit�tion �t th1$ elevation. 

In these fossil records, pollen preserv�tion is generally poor, and the 75, 
105 and 120 em levels are represented by only thirty grain counts. It wu noted that 
the Tubuliflorae pollen often occurs in contiguous masses which �y indicate whole 
plants being brought into the site. No surface pollen record at any elevation 
exhibits such a low frequency of pine pollen as do the �5 and 75 cm levelS at site 
741, or such a high TubulHlorae level. This change from tile no� could be the 
result of SOle adaptl�e strategy which in�olved bringing l<lrge amounts of forbes to 
be precessed In the bedrock mortars at the camp. 

The pollen sequence of site 682, at the 2000' contour, shows steady change 
threu3h time (Table Viti). The pine pollen frequency Increases and Tubuliflor<le 
decreases gradually tllrough tillll!. Counts are very low and preservation poor for 
subsurface sampll's. Even the surface sample was not normally pol1lnlferous. Because 
change Is consistent through tIft, It 15 II)re likely to be a reflection of natural 
than huma.n flIctors, but differential preservation IIIolY play some role. It is notable 
that the oldest samples from this site, whfch may date before A.D. 1450, were not 
productive. These fossil pollen records, then, are tl!lllPorally corr:parable to that of 
the second pollen zone at site 741. They are statistically cOlRparabie to that 
sallPle also. 

The pollen sequence of site 622 (Table IX) does not exhibit change within the 
fossil record, but it Is very differEnt frOl'l the surface record. The surface exhibits 
J�� pine, 7% oak and 42$ Tubuliflorae. The fossil 5�ples yield records overwhelm
ingly dOl"1inated by Tubul1florae pollen. These fnssll pollen records are comparable 
to those of the youngest pollen zone at site 741, which Is though to be of historic 
a�e. E�idence of historic occupancy also occurs at site 622, and It is notable that 
the older deposits (deeper than 60 em) were unproductive of pollen. 

OISCUSSIOH 
The modern surface pollen records of sites located above 5000' elevation on the 

,..estern slopes above the San Joaquin valley are all co�arable to each other. FOSSil 
pollen record� from these sites, though ostenSibly of differing antiquity, are 
!flDtlarly cllq)drable and are statistically identical to the surface sa�les. These 
data are most conservatively exphlned as the result of 11 conslstant pattern of 
envirement which occurs tod� and has occurred at these elevations for at least the 
last SOOO years. The probable common ecological f<lctor Is the occurrence In the past-
as today--of an average annual winter precipitation value of at least 25 inches. 

The surface pollen records of sites ranging from 640' to 4500' elevation vary 
�rincfpally In regard to pine, oak and TubuTiflorae pollen frequencies. Pine pollen 
values decline and Tubuliflorae values fncreasl as the overall annual precipitation
te�perature ratio changes with elevation. Oal: pollen values apparently reflect the 
winter precipitation values uniquely at these ele�ations. however, IS they are 

I 
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substantially reduced a t  loc�tions �t which winter preclpttdtlon falls below ca. 
20 Inches. 

M3ny of the fossil pollen records of the lower elevation sites are statistically 
similar to the surface pollen records, despite the fact that preservation is decidedly 
poorer . But the fossil pollen recordS of sites which have similar surface sample 
records n:�y only bE' s imilar to each other in part. Alternathely, the fossil pollen 
records or S� lower elevation sites undergo variation through time to the degree 
tha.t pollen zone sequences may be identified. When tile antiquity of tne pollen 
records--�s evIdenced by archaeological associations and absolute depth--!s taken into 
consideration, it can be seen that the low elevation fossil pollen records tend to 
be cOlr.parable if they reference the same horizoll of tiR. Thh Is sOllltWhat surprising 
because the surface pollen records from these sttes �ll reference the same horizon 
of time (I.e. today's environment), but are not comparable. 

The youngest pollen horizoll represellted in the fossil record Is observable at 
FRE-6� and at FR[·662. It seems to relate to conditions occurring afhr A.D. 1500, 
possibly ca. A.D. 1700-1850. The pollen spectrum of this horizon Is characterized 
�y very high frequencies of Tubullflorae pollen--far higher thall are probable indices 
of any natural patterns of climate or vegetation. The silllplest exphn�tion is that 
these pollen values are essentially artifacts of such human strategies as land 
cleprance and agriculture. The next oldest pollen records are recovered from sites 
682. 741. and 608. They apparently reflect conditions occurring about A.D. 1450, 
/!nd perhaps are as old as A.D. 1000. These samples are characterized by pine ,,"nd 
Tubullflorae pollen values statistically equivalent to those obtaining at the sites 
today, but a lower oak pollen frequency vetue . The si�lest interpretation Is of 
u ,  overall clln:atlc pattern much 111:e that occurring today, but s�hat lower winter 
precipitation v�lues In the o3k forest and chapparal vegetation zones. 

An older set of pollen records, p."esUll".ably dating to the A.D. 500-1<150 horizon, 
has been recovered fr� site 741 at 45 alld 75 cm. These contain significantly more 
TubulifTor�e and les5 pine poll@n than the surface samples from the site, but h�ve 
similar oak pollen frequency values. Judging by the surface sa�les, tllese may be 
interpreted to indicate a ttor"izon of tillle during which the modern oa� forest zone 
cnjo)'ed e conSiderably I\·arrner and longer growing se�son--!DOre like the oak woodland 
does to�ay-·but received as much winter precipitation as It doe� at present. Under 
such conditions, the chapparal zone would have been considerably IIlOre limited In 
extent tha.n it i s  today and both the o�k forest and oak l\"OOdland zones of greater 
eKten!. Considering the 10'0' quality of pollen pr.eserv,l.tion In these samples, and the 
fact tl'�t the recovery of I!:CInotypic ItIisses of pollen is an Index of 10C<l1 over
representat;on, an alternate Interrretation is fully justified. These pollen records 
could reflect 11 ;lte-speciflc behavior pattern rather than a regional climatic 
situation. 

The oldest pollen records frOOI site 741, which presumably date earlier thall 
A.D. 500, contain nore pine pollen and less oak and Tubuliflorae pol1ell than �ny 
surface samples from low elevation sites. One of the two is statistlcal1y 
ccn:?�Nble to the high elevation surface 5ol111ples, and the other opproxlllloltes that 
pattern. Taken at face vallOe, these fossil pollen records !!lay be interpreted as 
Indicating a major envlron�ental change which brought a substantial increase In 
winter precipitation to the present oak forest and reduced the average annual 
temperature and length of growing season. 

Because the two oldest palynological horizons are evidence only at one site, 
0,11 bec�use each horizon is represented by pollen counts which are low enough to 
be stathtically suspect, their Identification Is not secure from these data. The 
prospect that future palynologic�l research lIIoly yield valu�ble and significant 
clue� to the Polocene paleoenvironmental history of the central Californlft �alleys, 
�owover, i� evidenced by these pollell records. 
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COIlQUSIOOS � Study of variation In the IIICdern pollen r�in lr(l;)ped in terrestrial deposits It 
different elevations on the eastern slopes of the San Juaquln Valley demonstrates; 

A. Modern pollen rain records allow the Identification of a series of 
elevational1y bounded zones through statistically significant disti nctions 
i n  the relative frequencies of Pinus, Quercus, and Tubulfflorae pollen. 

8. There is SCMne Indication these zones may be subdivisible Into more ecol ogically 
sensitive units on the basis of variations In the frequency values of 
Cupressaceae, Geranlaceae-Plumbaglnaceae and Anthemldae pollen, but the size 
of ti1epresent suite of SlqJles 15 inadequate to confl"" or deny this Inference. 

C .  The pollen zones thus Identified are not directly comparable to vegetation 
zones or vegetation patterns, though these are the obvious sources of the 
pollen observed. The frequency variiltlons which distinguish the pollen lones 
appear to be controlled by such abiotic factors as the length of growing 
season and the quantity of lI'inter precipitation. 

Study of the pollen of sediment samples of archaeological context recovered from 
eight sites at different elevations demonstrates: 

A. The quantity of pollen per unit volume of deposit tends to decline markedly 
with depth, as does the quality of pollen preservation. o.teper samples, then, 
require a larger investnlent for the recovery of pollen records adequately 
large for statistical evaluation and interpretation. There Is no present 
evidence, however, that differential preservation of certain pollen types 
occurs. 

B. Though a statistitillly adequate pollen count could be obtained from one drop 
of extract from each sample at four sites, all the samples from one site 
(S-39l)falled to yield sufficient pollen for analysis and half the sar,p1es 
f� three other sites were not pollinlferous . Fossil pollen sa�ling and 
analySiS programs to be Lndertaken I n  future should presume pollen recovery 
only SOX of the time, and c�ensate for this as much �s possible by the 
coll ection of large numbers of sediment samples from each site and the 
submission of N!plicate series of samples frOOl each site and horizon for 
analysis. 

C .  The pollen types observed in the fossil pollen records are no�lly those 
also Observed 11'1 the modern pollen rain spectra, and the frequency values 
of the former tend to fall within the ranges of the latter which define 
pollen zones related to abiotic ecologl�al paraw�ters . A �jor exception 
to this general ization occurs i n  fossil pollen records wI1lch tiln be relagated 
to the historic horizon at two s i tes (682 and 662 ) .  The exception is most 
easily explained as an effect Of a major modification In cultural patterns 
of lilnd uS!. 

D. The fossil pollen records fall Into two major ciltegorles; those statistically 
comparable to the modern pollen rain spectra from the same locations, and 
those statistically comparable to modern pollen rain spectra fro. other 
locat'lons. All fossil pollen spectra from sHes In the 5000' to 8S00' 
elevational range fall into the former category, Irrespectl�e of the 
probable antiquity of the fossil pollen record involved. Fossil pollen 
spectra from sites located below 5000' which fall In the fOnler category 
uniformly date to the A . D ,  lOOO�'4S0 horizon. All other fossil pollen 
records from the lower elevatfon sites fall In the second cate!ory and 
are older, Judging by stratigraphic position and archaeologica associations. 
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E. The sequenc!! of foss11 pollen reconls ff'OSl site 741 apparently dOCl.BI'Ients the • 
occurrence of 4 temporally organized palynologlc"-l1y definable horizons. 
Comparison with Surface pollen spectra , and �ppl1ciltlon of the principle 
of unjfonmltarlanis�. supports an argUMent that each of these horiZonS 
represents I period of time when the sl� 741 area pollen rain was respond· 
ln9 to the existence of distinctive cll��tlc or behaVioral conditions. 
Since the two most ancient horizons aff evidenced only at this site, and 
are represented In pollen records which Ife of statistically Minimal 
adequacy, they yet remain s�ewhat problematical. The two younger horizons, 
however. art represented at other sites as wel' and thus appear to be of 
regional significance. 

F. The enllable evidence strongly Indicates t�e probability tnat a regional 
p.ollen chronology ray be developed for the San Juaquln Valley on the bash 
of pollen records of archaeological site deposits. Once available, this 
chronology should be of particular relevance In the study of Californian 
prehistory and may serve as 8 pivotal model for the development of other 
regional pollen chronologies In the state. The companbllity of modern 
l'OO fossl1 pollen records further Indicates the strorgprObability that the 
pollen chronology Is Interpretable in climatic terms. 

The two original objectives of this research were those of exploring the potential 
of pollen analysis to resolve Helms Project problems In chronology, and exploring the 
potential of palynological data in offering InSights into the cultural ecological 
relationships of populations of the study area in prehistoric tiMeS. Though the pollen 
research revealed the capability of palynological research to assist i n  the resolution 
of problems of chronology. it 6ctually resolved none of them. The chronological 
problems towards which this reseilrch wu directed involved the relative dating of high 
elevation sites. The pollen data se�·-at least at present·-to be more amenable to 
resolution of problems of relative chronology at low elevation sites. 

Cultural ecological analyses involve assessment of interactive relationships of 
hUlllan behavior and/or cultural patterns and envlrorunental conditions. NOr1Mlly, the 
role of technlque� of paleoenvironmental recnstruction In that assessment Is  11�lted 
to providing a description of the environmental context within which certain 
behavioral �nd/or cultural patterns occurred. Cultural ecological analysis then takes 
place when the archaeologist considers this in light of the evidence of benavioral/ 
cul tural phenorena reconstructed frail the archaeological record. In the present study. 
however, two things have been discovered which allows the palynologist to play a more 
active N:l1e. first, it is fairly evident that land use practises initiated in the 
historic period were of sufficient magnitude to mar�edly modify the blologlcal� 
cl lmatlc-edaphlc relationships which are expressed as pollen rains. The fact of a 
I:lOdificatlon In cultural ecology, then, is  directly expressed In tile pollen record 
of this study. Second, the pollen research provides evidence that the envlro�nt 
of the Helms Project area has undergone chdnges as a result of climatic modification 
II nlJllber of times during its prehistory. The directions and characteristics of those 
changes are not yet securely evidenced, nor their geographic extent well understood. 
The fact of their occurrence. however. offers a number of clues to the archaeologist 
wishing to explain certain changes in  the archaeological record, and offers a body of 
d�ta upon which cultural eLological analyses may be based. 

COHHEHTS AND SPECULATIDNS 
The quantity and quality of palynological data made available through the Helms 

Project research program is  far too small to justify more wide·ranglng conclusions 
than those presented above. Some workers may feel even those conclusions are insuffi
ciently evidenced, as they constitute a radical departure from common sense conceptions 
of (a) the character of yegetation/pollcn rain relationships; (b) the probable effect 
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of historical la�d use practises on the regional pollen record of the San Juaquin 
Valley; {el the probable effect of Holocene environmenbl (hllIlSeS on high elevation I Bnd low elevation mountain slope pollen rains; and (d) the probable degree to Which 
pollen records of archaeological sHe context accurately reflect regional cl1lJ\ltit 
phenomena . We �ke no apologies for those conclusions, since we have presented the 
empirical data to justify these statements and consider them scientifically evidenced. 
That they are not as well -evidenced as we would prefer I s  a problem only resolvable 
through more effort and InvesUlent. Those who would debllte the'" are free to present 
contradictory empirical data justifying .l ternatlve conclusions �re in concordance 
with common sense arguments. 

1f one grants the assumption that further research will replicate and amp l i fy the 
data of this study, sOll'le rather Interesting Implications for both archaeological and 
paleoecological study are Indicated. Archaeologists w i l l  perhaps be most interested 
In the Implications of the inference that a major paleoenvironmental change may have 
occurred at about the same time 8S the technological change which �rks the transi
tion from the Middle to the late Periods of Californian prehistory. On the basis of 
present evidence, this change Is one which would have greatly affected fish, game and 
acorn gathering potentials on the slopes of the Interior Valleys Region. Before 
A.D. 500 the low elevation oak woodland zone may have been relatively s�4ll I n  extent, 
the chapparal zooe IIlUch broader and located at a lower elevation, and the pine forest 
zone extensive at elevations which today support chapparal and live oak-digger pine 
plant associations. Heavier winter rainfal l ,  extending over a greater period of 
years, would have dramatically affected the hydrologic patterns of the Interior 
Valleys and the freshwater resources of the aboriginal population. later, until 
about A.O. 1000, the oak woodland and oak-pine vegetation zones appear to have expanded 
at the expens� of tloth chapparal and pine forest Vegetation and, a s  winter precipita
tion values declined to present levels, the modern hydrographic pattern becaroe 
Instituted. This change would have effectively maximized the economic potential of 
an adaptive strategy baStd on �COrn and seed gathering i n  the Interior V�lley$ while 
minimizing the potential of an earl ier strategy centered on fish and game procurement. 
Coincidentally. the change i n  hydrologic reglllll! would have JOd1fled coastal estuarine 
habitats dramatically, and generally reduced shellflshlng potential at the close of 
the Middle Period. 

The Implications of the conclusion that a pollen chronology reflecting variations 
in paleoclir�te can be developed are of wfder relevance. Climatic conditions at any 
point on the earth ' s  surface are today recogni:ed as local ��nifestatlons of a global 
atmospheric system which undergoes regular and predictable modification throughout 
the year and over tiDll! horizons moasured i n  centuries and millenia. If the chronology 
and character of clflDlltlc variations In the San Juaquln Valley are understood , our 
knowledge of the operations of the global atmospheric system will allow us to retro· 
dict contemporary weather patterni of other areas of Cali fornia and those western 
states ( e . g .  �evada, Utah and Arizona) i n  which weather patterns are strongly 
Infl uenced In certain seasor.s by the c l illliltic conditions prevalent In Cal i fornia .  If 
the increased rainfall of the Middle Period were a function of an Intensified winter 
stonms pattern, for exampl e ,  this pattern woul d also markedly affect the amount of 
snowpacl:. developing in the central and southern portions of the 8asin and Range 
Province, with consequent effect on the recharge and discharge of water tables at 
BIOderate and low elevations. Populations of or9!nlsms adapted to winter season con
ditions in the t10have and Sonoran Oeserts would experience major derographlc changes 
and expanSion of territory , and the effect on desert g�rphological processes would 
have been i n  dramatic centrast to t�e si t�tjon one observes today. 
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