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INTRODUCTION

During the past 30 years pollen analysis has come to be an important
tool in the investigation of prehistoric plant geography and climate. The
method of pollen analysis has‘shor€2§omings, however, due to a lack of
data pertaining to volure of pollen produced by.different species, dis-
tence and direction of transport of the pollen, the relationships of the
pollen preserved in the sediments with the vegetation which produced the
pollen, the resistance of the pollen of different species to destructionm,
and the efficiency of rollen preservation in different sedimentary types.
| I have chosen the last three problems as a basis for the present invest-
igation.

In this investigation I shall attempt to relate pollen percentages
of recent sediments to relative phytosociological measures of the vege-

, tation in each of six southwesiern vegetational types. The establishment
of such relationships will enable more accurate reconstructions of past
plant assccietions and climate from studies of pollen profiles.

The resistance of the pollen of different species to destruction can
be inferred by comparing the species composition of the current pollen rain
with the species composition of the pollen extracted from recent sedirents.
By comparing the percenteges of pollen extracted from different sediments
in the same vegetetional tyre, the efficiency of these sediments in pre-
serving pollen can be judged.

The six vegetational types, located in the Sangre de Cristo Mountains
northeast of Santa Fe, New Mexico, chosen for study are: Finyon-Junirper,
estern Yellow Pine, Mixed Conifer, Aspen, Subalpine Spruce-Fir, and Burned

Subalpine Spruce-Fir. One study area vwas selected in each vegetationel type.
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The locations of the study areas and the extent of the vegetational typés
are shown in Fig. 1.

Several investigators have attempted to show the relationships of phyto-
sociological measures of vegetation to percenteges of pollen preserved in
different media. Qarroll (1943) compared the pollen from moss pelsters
with spruce-fir vegetation in the Great Smoky Mountains and found thet rel-
ative pollen concentretions correlate best with relatlve basal area. Hansen
(1949), working in the lowland forest of Oregon found that the abundance of
trecs over ten inches in diereter at breast height (dbh) correlated best ﬁith
the percentages of pollen from polsters. In Quebec, Potzger et al. (1956)
comparing pollen extracted from a bog with the composition of the su rround-
ing forests determined degrees of over— and under—“epresentution of the
tree species by the pollen, but did not attempt to correlate uhe relative
Species compos 1t10n of the pollen with a relative phyto,ocloloolcal measure

T the forest. 1In Vermont, Davis and Goodlett (1960) found thet the con-
centretions of pollen from the bottom of ponds correlated best with the
relatlve basal areas of trees in the v1cmnity. In vegetational types
similar to those being investigated in the present study, Potter and Rowley -
(1960) found thet the pollen extracted from rolster uest correlated with.
relutlve den°ity or relatlve co;er derendlne upon the situation. Martvin,
Schoenvetter, and Arms (1961), working in southeastern'Arizoﬁa, compared
specics composition of the pollen found in stock tanks and soil semples with
the composition of the surrounding vegetaticn, but drew no conclusions re-
garding correlations between the two.

Studies of the resistence of pollen to destruction and of the factors
causing pollen degradation have been few. Sangster end Dele (1961) found

that espen pollen is not preserved in bogs, Swemps, and ponds (but that
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Study Area Vegetational Type - Type Symbol
01 Pinyon-Juniper P-J
0o 2 Western Yellow Pine P
5 Mixed Conifer M-C
o4 Aspen A
05 Subalpine Epruce-Fir S-F
0 6 Burned Subalpine Spruce-Fir B

Fig. 1. Santa Fe,

New Mexico, and viecinity showing major drainages,

vegetational types, and locations of the six study areas.







pine pollen is) and they relete the ebility of pollen to be preserved

with its resistence to oxidation. These authors note that bacteriel section
is important in pollen destruction, while Goldstein (1960) found thet
chitridé (Order Chitridiales, Phycomycetes) are active in the degradation

of pollen, especially thet of the conifers.

MATERIALS AND METHODS
Phytoscciology

The vegetation in each area was divided into three strata: tree,
shrub and sapling, and herb and seedling. Those plents four inches or more
in diemeter at breast height (4% £t above the ground) were considered as
trees. Plants less than four inches diemeter at breast height, but more
than three feet tall, were considered as shrubs and saplings. All plants
less than three feet tall were considered as herbs and seedlings. Terminology
of the grasses follows Hitchcock (1950) while that of other species follows
Herrington (1954). |

The bésic sampling unit, the elb (Woodin &nd Lindsey, 1954,and Lindsey,
1955), is bésed upon an 80C-ft line with a right'angle in the middle. 1In
each area ten elbs were sampled, the locafions of which were Aetermined by
choosing three numbers from a random number tablé with numbers renging
from 0 to 360. The first two numbers were compacs bearing and distance,
respectively, from the pollen sampler to the stert of the elb; the third
wes the compass bearing of the first half of the elb., The direction of
the second half of the elb was determined from the lest digit of the third
random number; the angle was to the right if the last digit wes even, left

if odd.







Total and relative cover of the plants in the upper strete were cal-
culated from the lengths of the line which were superposed by the tree and
shrub species. The values of density, basal area, end frequency vere cal-
culated from meazsurements of shrubs end trees in a strip 10 £ to either
side of the line. Density wes determined from the numbers of shrub and
tree species in this strip end basal area was calculeted from the diameters,
taken at breast height, of all trees in the strip. To measure frequency
(the reletive number of sempling units in which a species appears) the strip
was divided into sixteen 50-ft units for each elb.

The herb and seedling stratum was sampled by using a one-foot2 wire

frame placed to the right side of the line at the end of each 50-ft unit.

Total end relative vegetational cover by species were estimated. This

nethod gave a totel of 160 herb and seedling sempling units for each area.

Sedimentary Pollen

Sediments for the extraction of recent pollen were teken from as many
different sites within each area as possible. These sites included: stock
tanks, springs, bogs, sod, moss poisters, and dry soils.

Water semples from tenks, springs, and bogs were stored in glass jars
and préserved with a 10% phenol solution added in volumes equal 4o the
samples. The sod, polsters, and soil samples were stored in envelopes
efter being air dried.

These sediments were treated &s shown in Flow Sheet 1, Fig. 2. The
addition of the bleach step in Flow Sheet 1 is en attempt to determine the

znount of damage caused by this often necessery step.







Weter sample: mud, Dry sample: soil,
sludge, etc. sod, or polster

[Soek in 10% KCH overnight]

|Strain through coarse mesh screen]

[Decant back and forth to remove gravel and coarse sand |

|Strain through 4 layers gauze]

[iater wash, centrifuge 45 seconds at 1500 rpm, decant]

[Bot 10% HC1, centrifuge and decant]

|48 HF, boiling waeter bath 25 mins, centrifuge and decant]

[2_hot 10% HC1 washes, centrifuge end decant]

[clacial acetic acid, centrifuge and decant|

10 cc acetolysis mixture (9 cc acetic anhydride : 1 cc con.
Hn80y), boiling water bath 3 mins, centrifuge and decent

|Glacial acetic acid, centrifuge and decant]

Add 5 cc glacial acetic acid, edd 2 drops con. HCl, stir, add
1 drop sat. NaClOxz sol'n., stir 4 min, centrifuge and decant

!

{2_vater washes, centrifuge and decant|

Eiacial acetic acid, centrifuge and decent]

95% ethyl alcohol, centrifuge and decant R N

. g

{ Absolute ethyl 2lcohol, centirifuge and decant |
' ¥

[ Acetone 1

Stain with Saphrenin "01

\
L Centrifuge and decant |

v

L Benzene, allow to stcnd overnight, centrifuge end decant |

[0,000 cs silicon oil (Dow Corning 200 Fluid), allow to stand for 2 days]

Mount . Mount
on on
slid slide

Fig. 2. Flow Sheet 1, showing treatments of the sediments for
extraction of pollen. |







Current Pollen Rain

The pollen rain was sampled in each area during the principal polline-
ting seesons (May through October) of 1960 and 1961 with & Durham sempler.
The sampler consists of & slide platform mounted one inch sbove the lower
of two horizontal, nine-inch diameter galvenized pletes spaced three inches
epert. This sampler is designed to trap air-borne pollen on greased micro-
scope slides and at the same time protect the slides from birds, insects,
end rain. The Durhsm sempler, however, dces not give an accurate picture
of the current pollen rain. Gregory (1950) found that pollen trapped is
proportional to the number of greins passing over the slide (to wind veloc-
ity) end is independent of the volume of pollen in the air. Since one axis
of the microscope slide is much longer than the other, direction of the
wind becomgs an imporiant factér controlling the number of grains trepped
on the slide (Ogden, 1960). Each sempler wes oriented so thet the long axis
of the slide was perallel to the direction of the preveiling summer winds,
but becsuse trees end other obstacles ceuse air turbulence many varistions
ere Lo be expected.

The slides, greased with a 1:3 mixture of mineral oil and petrolatum,
were chenged weekly.' At the énd.bf'thertﬁo éaﬁpiiﬁgrséaéong éli éfrtﬁer
air-borne pollen from ezch aree wes combined by washing all of the slides
from each area into & common container with benzene. The combinaiion of
the weekly semples from each area was made because the study deals with

total yearly production of pollen rather than with the weekly composition

- of the pollen rain, and because it was felt that an aliquot of &ll of the

pollen rain samples would give & more accurate estimste of the yearly

pollen production than would the sum of aliquots teken from veekly samples.







After the pollen from each area was combined it wes trezted as
shown in Flow Sheet 2, Fig. 3. The different treatments were made in en

effort to determine the amounts of reagent demege, if any, to the pollen.

Pollen Counts

Two hundred pollen grains were counted on each slide prepared as shown
in Figs. 2 end 3 (Barkley, 1934) and seversl hundred more scenned for the
presence of unusual species. Only the counts of those slides of pollen
which had been treated with hydrofluoric ecid and had been acetolyzed,
bleached, end steined were used for comparisons between the current pollen
rain and sedimentary.pollen, as well as for the comparisons between the
pollen from these two sources wiﬁh the phytosociological measures of the
vegetation. Only the counts of the arborezl pollen will be used for these
comparisons becesuse the non-arboreal pollen, coming from plants in locelly
controlled situetions, is not indicative of overall climatic conditions.

The efficiency of pollen préservation by the different sedimentary
types in each area is indicated by comparisons among the pollen eXtracted_ 
from these cediments end by comparisons betﬁeen the pollen of each sediment
and the‘current pollen rain. The relative resistance to decay by the pdiién
of different plent spécies is indicated by a comﬁarison of the species
composition of any sediment with that of the current pollen rain.

411 counts were mede using a Bausch and Lomb Dynazoom binocular
microécope with 10X ocular lenses and 10X, 43X, and 97X objective lenses.
Because the zcom system allows continual 1X to 2X magnification of the lens
system, no fixed combinetion of lenses was used, the megnification being

varied to fit the need. The more difficult identifications were made

AP
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[Pollen end debris in benzens, centrifuge and decant]

[clacial ecetic acid, centrifuge and decent]

0/ HC1 wash, centrifuge end decint]

48% HF, boiling water bath 25 minutes,
: centrifuge end decent

[e hot 10% Hel washes, centrifuge and decant |

[Glecial acetic acid, centrifuge and decant |

v
10 cc acetolysis mixture (9 cc acetic enhydride ¢ 1 cc con.

HpSOL ), boiling water bath 3 mins, centrifuge and decsnt
v

Glacial acetic acid, centrifuge end decant
g

Fill to 5 cc with glacial acetic acid,
add 2 drops con. HCl, stir, edd 1 drop
saturated NaClOz solution, stir 1 min,

centrifuge and decant

A

Eiwater washes, centrifuge end decant |

¥
Glacial escetic acid,
centrifuge and decant

Centrifuge and decant

y \
[ 90% ethyl alcohol, centrifuge &nd decent jii
¢
Absolute ethyl alcohol, centrifuge and decent |
7 1 , PRI , gt
Acetone B
v kA
Stain with Sephrenin "Q"]
I 4 y
v

Benzene, allow to stend overnight, centrifuge and decant

¥

|
[
|
(
L
L

60,000 ¢s silicon oil (Dow Corning 200 Fluid ), allow to stand 2 days

)

Mount
on

slide

Fig. 3.

¥

Mount Mount Mount
on on on
slide slide slide

Flow Sheet 2, showing trestments of the combined air-borne

rollen rain samples.







using o0il immersion.

Identification of the pollen was made by compering unknown grains with
reference slides of Imown species, the rollen of which waS'éollected and
prepsred by the staff of the pollen laboratory at the Biology Department
of The University of New Mexico. Additional, temporery reference slides
were prepared frém pollen from plant specimens in The University of New
Mexico Herberium. "This dry pollen was washed with 95% ethyl alcohol,
dilute KOH, and mounted in glycerihe.

Whenever specific identification of pollen grains was impractical or
impossible srecies were lumped into higher texonomic units. These higher

taxa, not further subdivided, include: Pinus, Juniperus, Abies, Picea,

Salix, Gramineae, and Compositae (excluding Lrtemisia). Because pollen
of the Chenopodieceae end Ameranthaceae is indistinguisheble (Wodehouse, 1935),

these two femilies are lumped as chenopods.

'RESULTS AND DISCUSSION
Pinyon-Juniper

The Durhem pollen-ssmpler located at the center of the Pinyon-Juniper
Study Aree was in the SE%, NWi, NWZ, Sec. 9, T17N, RIOE, at an elevetion
of 7,765 £t above sea 1e§e1. AThis point is 3.68 miles on &n approximste
bearing of 48° from the Santa Fe Post Office, and is nidvay between the
Little Tesuque Creek to the north end the divide that separates the drain-
age of this creek from thet of the Santa Fe River to the south, a distance
of 0.4 mile. .

The sempler wes located on the south slope of an east-west ridee the
! ? 5 { Sl ]

10
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west end of which is just to the north of the sampler site. North of the
ridge the slope drops steeply to the bottom of Little Tesuque Canyon, while
to the west an equally steep-sided canyon, West Arroyo, runs north to the
Little Tesuque. The road to the Sanﬁa Fe Ski Basin follows the east slope
of West Lrroyo end passes 250 ft to the west of the sempler site. The .
slope south of the sampler drops for ebout 300 ft at ebout 7° to a smell
arroyo, Arroyo del Sur, which runs west into West irroyo. South of Arroyo
del Suf the hill slopes gently upward to the divide 0.2 mile avay.

The study area includes the scuth slope of the ridge end extends 500
ft.down the north and west sides 6f this ridge. To the south the area
 extends 150 ft beyond Arroyo del Sur end to the west it parallels West
- Arroyo about 200 ft beyond the bottom of the canyon (Fig. 4).

The =o0il in the Pinyon-Juniper Study Aree is derived from limestone
and forms a thin, rocky mentle which barely covers the perent rock. Very
little organic metter accumulates due to the intense summer thundershowers
producing runoffs which floet awey most of.the litter. There is, however,
some accumulation of orgenic debris in isolated pockets along the arroyos

end along the west side of West Arroyo where comparatively rich soil is formed.

Thie woodland is dominated by pinyon (Pinus edulis Engelm.) and-

junipers (Juniperus scopulorum Sarg. and J. monosperme Sarg.) which are

healthy trees, well spaced end free from disease (Fig. 5). VWestern yellow

pine (Pimus ponderosa lews.) and Douglas fir (Pseudotsuge taxifolia Britt.)

are found along the arroyos and on the west slope beyond ect Arroyo.
Low’ ground cover is sparse, dominated by blue grama grass (Bouteloua
gracilis Lag.) on the ridge tops and south slopes end by pinyon rice gress

(Piptocheetium fimbristum Hitchc.) on the north end west slopes of the
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ridges. Along the arroyos and beside the road Russian thistle (Salsola

kali L.), Kochia scoparia L., horehound (Marrubium vulgare L.), and

anmuel sunflower (Helienthus annuus L.) are locally abundant.

The results of the analyses of the date obtained from the phyto-
sociological studies, conducted in July and August, 1961, are shown by
strata in Tables la, 1b, and lc. The diffuse branching habit of the
pinyon and juniper treces malkes dismeters taken at breast height meaning-
less in relation to true baszl area. For this reason the diameters of
these trees vere taken one foot ebove the grovnd. Diameters of all other

trees were measured at breast height.,

TABLE la. Tree stratum in the Pinyon-Juniper Study Area. Cover is
based on interception of ten 800-ft lines, density and basal area on
160,000 ftz, and frequency on 160 quadrats 20 X 20 ft. Importance per-
cent is the average of relative cover, relative density, and relative

{requency.

Cover Density Frequency | Besal Area

Rel. Rel.

Species Ground [fol. |Density|Rel. Freq.|Rel. |Basal basal|Impor-

cover |cover density|index|freq.|arga erea |tance
% % /acre % % % 1ft"/ecre| % %

Pinus edulis| 22.7 | 57.41 132.4 | 53.7 | 82.5| 58.5] 28.6 | 39.2| 49.9
Juniperus :
scopulorum 7.8 | 19.8] 52.5 21.6 | 63.8| 29.5| 22.0 51.51 2%.6

Juniperus
monosperna 7.4 | 18.4| 56.4 23.2 | 60.7| 28.0| 16.0 21.8

Pinus

ponderosa 1.0 - By 4 3.3 1.3 75| 3.5 4.3 o %

Pseudotsuga
taxifolia 15 0.3 191 0.9 3l







TABLE 1b. Shrub end sapling stretum in the Pinyon-Juniper Study Area.
Determinetions a2s in Teble 1la.

. Cover Density Frequency
Rel.
Species Ground |{fol. Rel. Freq.|Rel. |Impor-
] cover [cover|Density|density|index|freq.|tance
% % /acre % 7 % %
Pinus edulis d : b3 | 73.2] 225.0 | 69.5 | 91.3| 46.8) 63.1
Juniperus monosperma 0.7 | 12.4| 38.%4 11.9 | 57.5| 29.5| 17.9
Juniperus scopulorum 0.4 6.0] 24.0 T 173007181 9.7
Pinus ponderosa 0.4 6.2 34.6 10.7 | 13.8] 7.0| 7.9
Pseudotsuga taxifolia 0.1 0.9 0.3 0.1 0.6 0.3| 0.4
Chrysothamnus nauseosus 0.1 0.9 0.3 0.3 0.6] 0.3 0.4
Ptelea angustifolia 0.1 0.4 ) 5% | 0.3 0.6] 0.3| 0.3
Total 5.8 323.8

TABLE le. Herb and seedling stratum in the Pinyon-Juniper Study

Area. Cover and frequency based on 160 one~foot? quadrats.

Cover Frequency
Rel.
ki g Gt DAL S e
7 % % %

Bouteloua grecilis 1.0 21.5 6.9 22.5
| Piptochaetium fimbristum 057 20.0 15 327
Pinus edulis 05 1552 1, g2
Mirabilis oxybaphoides 0.2 5.9 ) P 4.1
Sphaeralcea sp. 0.1 2.9 ) e 6.1
Hymenoxys argentea 0.1 2.9 0.6 20
Kochia scoparia 0.1 1.5 0.6 2.0
Lithospermum multiflorun 0.1 1.9 0.6 240

Total 2.8

* OSpecies with less than 1% relative folisge cover include: Boutelous
curtipendula, Agropyron sp., Yucea Sp., Salsola keli, Trifolium SPe,

3 .—&-‘—.‘-._"' S Sy
Misc. spp. unidentified.
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The sedimentary material sampled in the Pinyon-Juniper Study Area is
one type; coarse and rocky soil. Three sites near the Durhem pollen
sampler were sempled on October 28, 1960, for the extraction of recently
deposited pollen. One sample was taken three feet east of a juniper tree
and eight feet from the nearest pinyon, = second was %tsken under the edge
of a pinyon and six feet from the nesrest juniper, and the third was taken
20 £t from any tree.

Counts of the pollen extracted from these sediments by the hydro-
fluoric acid-acetolysis-bleach method (Fig. 2) ere compared with.the count
of the current pollen rain in Table 2.

The low value of juniper pollen in the current pollen rain is due to
the late beginning of the sempling seasons. Anthesis of both species of
juniper was declining at the start of the 1960 sempling and had finished
when the 1961 sampling began. Such a lerge count of juniper pollen in
the pollen rain, even after the flowering season of this genus, would
indicate an over-representation of jﬁniper in the pollen rain as found
by Potter end Rowley (1960) in the San Augustin Plains of west-central
New Mexico.

Pbllen rain concentrations of some species decrease exponentially
with the distence from the source of the pollen (Ogden, 1960). This
trend can be seen in the relative concentrations of juniper pollen in the
sediments at different distances from juniper trees. The fact that the
juniper pollen is deposited relatively close to the source trees is impor-
tant becczuse it suggests possible under-rerresentation of pollen of this

genus deposited in sedimentis distant from juniper trees.

S S s $ e L S







TABLE 2.

L

from

vhe Pinyon-Juniper Study Area and of pollen found in the current

pollen rain. 411 pollen has been treeted with hydrofluoric acid,

acetolysis mixture, end NaClOB bleach,

Analyses of pollen extracted from three similar sediments

Pollen Sources
Sediment 3 ft |Sediment 8 ft Current
Taxon from juniper, [from juniper, [Sediment 20 ft pollen
8 £t from under pinyon |from any tree rain
pinyon
Count % Count % Count % Count %
Pinus 45 22.3 110 S5T+5 427 65.5 140 86.0
Juniperus 156 77.7 80 41.7 67 34.5 18 11.0
Pseudotsuga 0 0.0 1.0 0 0.0 0.6
Picea 0 0.0 0.0 0.0 3 1.9
' Ulmus 0 0.0 0.0 0.0 1 0.6
Total ey e Ty B e
arboreal 201 192 194 163
Chenopods 3 27.3 10 47.7 9 50.0 21 46.6
Compositae 5 45.5 4 19.0 6 33.4 6 13.3
Artemisia 0 0.0 1 4.8 2 11.2 3 6.7
Gremineae 2 18.2 6 28.6 0 0.0 12 26.7
Caryophyllacese 0 0.0 0 0.0 0 0.0 2 4.4
Unidentified 1 9.1 0 0.0 1 5.4 g 2.2
Total o i iy Mo 2
non-srboreal 11 21 18 45
Total pollen| 212 213 212 208

The presence of Picea and Ulmus pollen in the current pollen rain can

be accounted for by the abundence of these ornamental trees growing in

Sante Fe, 3% miles avey, and

site.

juniper type, but none was found in %he study area.
b ?

Artemisia is frequently found in loecal st

ands in the pinyon-

earound homes less then a mile from the sampler

It is assumed thet

16
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the frtemisia rollen was trensported from stands of this genus located
relatively far from the site of deposition.

The counts of the pollen extracted from the three sediment:samples
from the Pinyon-Juniper Study Area were avereged to give a more accurszte
indication of the species composition in this single sedimentary type.
Only the percentéges of the arboreal pollen found in the sediments cor-
relate with the phytosociological measures of the vegetation. In Table 3
the sedimentary arborezl pollen percentages are compared with the various
phytosociological measures of the tree stretum. An almost perfect cor-
relation is seen between the reletive concentrations of the pollen and the
relative basel areas of %the trees. The correlations become less perfect

when the other relative measures are considered.

TABLE 3. Comparison of the average arboreal pollen extracted from
the soil in the Pinyon-Juniper Study Area with phytosociological measures
of the tree stratum.

Phytosociological Measures
s : frboreal | Relative | Relative | Relative Relative
pecies y
pollen cover density frequency|basal erea
o/ cf of of o
¢ i ° /° 744 /°
Pinus spp. 7.9 60.1 55.0 42.5 45.1
Juniperus spp. 1 P 38.2 L4,8 B o s T
Pseudoteuga sp. 0.3 ) &%) 0.3 0.9 1.6

No correlations can be mede between the relative amounts of the non-
arboreel sedimentary pollen end the vegetation producing this pollen.

Gresses compose over half of the relative non-arboresl cover, but they make

up only 17% of the pollen. Chenopods and composites, on the other hand,

1 st
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occupy & total of 11.4% of the relstive cover snd account for 77% of the
preserved pollen. jArtemisia, ebsent from the study area, mekes up 6.2%
of the sedimentary pollen.

Only the arboreal pollen is considered %o be a useful criterion by
wnich ﬁhe overall composition of prehistoric vegetation of the pinyon-juniper
tyre can be assessed. Non-arboresl pollen is difficult to evaluate.on a
quentitative basis because herbzceous plants on different sites within this

-

iype contribute a rerplexing veriety of pollen to the sedimentery pollen
spectrum. The non-arboreal pollen contributes quelitative informetion
which, when used to augment the quantitetive information derived from the

arboreal pollen, will better indicate the climatic and site conditions
i < 2

under which & perticular sediment in the pinyon-juniper type was deposited.

lestern Yellow Fine

The center of the Vestern Yellow FPine Study Area, the pollen semple
site,iis located in the Wi, Sec. 19, T18N, R11E. This point, at an
elevetion of 9,560 £t above sea level, is 9,08 miles on a bearing of 48° 30!
from the Santa Fe Post Office. The erea, in the Big Tesuque Creek water-—
shed, occupies a part of the crest of a ridge which runs west from the bulk
of the mo&ntains (Fig. 6).

The sampler, mounted four feet above the ground, was located in the

center of a large stend of western yellow pine. The open, mature stcnd
(Fig.‘7) is interspersed with an occasional Douglas fir.

Along the top of the east-west ridge, 300 ft north of the sampler,
the pine is bounded by mixed coniferous forest dominated by Douglas fir,

vhite fir (4bies concolor =copes. s limber pine (Pinus flexilis Jemes 1
’
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and aspen (Fopulus tremuloides Michx.). The pine stznd abuist on a stand

of aspen 3C0 ft west of the sempler along the top of a ridge which joins
the main ridge from the southwest. To the south the stend is bounded by
the Chupadero Canyon Road, below which, in a southvwest running canyon, the
vegetation is of the mixed conifer type. To the easi the pine blends with
mixed conifer vegetation which extends onto the ridge from the canyons to
the north and south.

The soil in the Western Yellow FPine Ares is alluvial, derived from
decomposed grenite bedrock. In the pine stend the mineral scil is over-

lain with a thick layer of pine needles in which Arctostephylos uva-ursi

l

{ 3 -

i Spreng. is occasionally found. Vhere pine needles do not accurulate in
R - '

|

the pine stand Cesnothus fendleri Gray is & common plant. In the nixed

conifer and acpen stends which surround the pine there is formaticn of soil

vwhich supports such mesic plants as Vicia emericanz Muhl., Galium borezle L.,

Smilacina spp., end others. Along the rosd Gilia aggregata Spreng.,

Campanula rotundifolia L., Erigeron spr., Solidago spp., and Senecio sppe
are often abundant. o
E The phytoscciologiczl studies were mede in August, 1961.. The analyses
of the data obtained are shown by strata in Table 4#, Lp, ané 4e,

Similar scil saméles were taken from three sites in the Wéstern Yellow
Pine Study Area on October 28, 19€0, for the extraction of recently depos-
ited pollen. One was teken at the foot of the Durhem pollen szmpler, =
second from an open area in the pine stend, and the third from soil at the
foot of a large Douglas fir itree which had no brenches within 30 ft of the

ground, The counts of the pollen extracted from these sediments are shown

in Table 5 with the counts of the pollen from the current pollen rain.
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TABLE 4a. Tree stratum in the Vestern Yellow Pine Study Area. Cover

is bosed on interception of ten 8CO-ft lines, density and baszl area on
160,000 ftz, eand frequency on 160 quadrats 20 X 50 ft. Importence rercent

is the average of relative cover, relative density, and relative frequency.

Cover Density Frequency | Beasal Area
Rel. Rel.
Srecies Ground |fol. Rel. Freq.|Rel. |Basal basal|Impor-
P cover |cover|Density|density|index|freq.|arga area |tance
% % /acre % % % |ft“/ecre| % %

. Pinus
E ponderosa 23.7 | 38.1] 97.2 S0.Q° 1 95,71 2711 715 45.8] 32.5
r Populus

tremuloides| 18.6 | 30.0| 150.0 46.2 | 55.2| 27.4] 34.7 20.4| 34.6
Pseudotsuga
texifolia 12.2 | 19.6] 48.0 14,8 | 53.1| 26.2] 36.8 22.0] 20,2
Abies
concolor Te3 4 12484 2047 8.8 | 35.6] 17.6] 19.8 11.6| 12.6
£bies

lasiocarna
arizonica 0.2 0.3 0.5 0.2 321 b 0.2 0.1] 0.3

Pinus =
fle:{ilis 002 005 005 002 1.2 006 002 Ool 003 1

Total 62.2 52k,9 169.2

33 it Sk
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TABLE 4b. Shrub end sapling stratunm in the Western Yellow Pine Study

Area. Determinations as in Table 4a.

Cover Density Frequency
Rel.
Shasden Ground |fol. Rel. Freq.|Rel. [Impor-
“ cover |cover|Density|density|index|freq. |tance
% % | /acre % % % %

‘Porulus tremuloides 5.8 | 41.6] 324.9 41.5 | 73.8| 28.5( 37.2
Pseudotsuga taxifolia 2.4 | 17.2] 87.8 11.2 | 46.8] 18.1| 15.5
Pinus ponderosa 1.9 | 13.9]| 104,0 | 13.3 | 46.2] 17.8 155
Abies concolor 1.8 | 13.3| 83.8 10.6 | 45.0| 17.4] 15.0
Salix bebbiana 0.9 .21 49.3 6.3 | 14.4] 5.5| 6.0
Quercus gembellii 0.6 a2l 15T 9.7 6.3 2.4 5.8
Shepherdia canedensis 0.2 14 9.2 1.2 S22y 1.8
Pinus flexilis 0.1 | 0.8] 3.5 0.5 1 8.8l 2.8t 1.4
Lcer negundo 0.1 0.6 2l 0.3 1.9] : 0.7] 0.5
Symphoricarpos oreorhilus 0.1 (RN 0.5 0.1 Ls2f OSF 0.2
Rosa spp. 0.0 | 0.0] 28.8 5.7 | s5.0| 1.9] 1.8
Juniperus communis 050 0.0 15.4 1.7 BBl RS Led
Pinus edulis 0.0.| 0.0 0.5 0.1 0.6] 0.2] 0.1

Total 13.9 783.4







TABLE 4ec.

Study Areza.

Herb and seedling stratum in the Western Yellow Pine

Cover and frequency based on 160 one-foot? quadrats.

Cover Frequency
Fsases Ground gziiage Freq. Rel.
cover cover. * index freq.
K % % %
Vicia americena 3.0 17.3 23.8 16.%
Achillea lanulosa - 3% | 12.6 5.8 17.7
Arctostaphylos uva-ursi 1.6 9.3 8.1 56
Artemisia franserioides .S 8.9 10.6 7.3
Frageria ovalis 1.1 6.3 11.9 8.1
Bromus frondosus 1%0 5 S 159 8.1
Erigeron mscranthus 0.8 4,9 7.5 Sl
Koeleria cristata 0.6 5.5 3.8 2.6
Draba surea 0.5 3.5 5.0 3.4
Quercus gembellii 0.6 . 3.3 1.9 1.3
Pseudotsuga taxifolia 0.6 5T 0.6 0.4
Rosa spp. .0.5 2.8 5.6 5.8
Thalictrum sp. 0.5 2.8 1.9 1.3
Viola cenadensis 0.3 2.0 Sl 2.1
Solidago scopulorum 0.2 a5 | 2o 1.7
Ceenothus fendleri: 0.3 3.8 1.9 135
Penstemon barbatus 0.2 1e% L 1.3
Smilacina racemosa Qa2 I 1 152 0.9
Total 16.0
* OSpecies with less than 1% relative foliage cover include: Cleratis

pseudoalpina, Rubus strigosus, Pseudocymopterus montenus, Gelium borezle,

Thermopsis pinetorum, Geranium spp., Gilia eggregata, Salix bebbiana,

Poz sp., Epilobiur engustifolium, Campanula rotundifolia, Misc. Epp.

unidentifiied.






TABLE 5.

inalyses of pollen extracted from three similar sediments

from the estern Yellow Pine Study Area and of pollen found in the current

pollen rain.

acetolysis mixture, end NaClO5 bleach.

£11 pollen has been treated with hydrofluoric acid,

Pollen Sources

Sediment at

P as Sediment from |Sediment from Current
foot of pollen|open area in |base of large pollen
sampler pine stand Douglaes fir rain

Count; % Count % Count % Count %
Pinus 189 | 78.2 | 129 | 72.5 | 155 | 8.5 | 161 | 88.0
Juniperus 18 10.8 22 12.4 11 Gl 1 045
Pseudotsuca 7 42 16 9.0 8 4,5 13 Tsl
Quercus 8 4.8 6 346 2 14 5 -
4bies 2 1.2 o 246 2 1.1 5 1.6
Picea 1 | 0.6 o | 0.0 1 | 0.6 o | 0.0
Totel
arborezl 165 178 177 183
Compositee ok | 51.1 12 | 30.8 19 | 59.5 1 3.8
Artemisia 3 6.4 1 2.8 2 6.2 3 11.5
Chenopods 15 | 31.9 19 | 48.7 4 | 12.5 13 | 50.0
Gramineze 5 10.6 2 el 5 1%5:5 8 30.8
Umbelliferae 0 0.0 4 10.2 0 0.0 0 0.0
Ephedra 0 0.0 0 0.0 1 R 0 0.0
Caryophyllaceae 0 0.0 0 0.0 0 0.0 1 3.8
Unidentified 0 0.0 1 2.6 1 e, 0 0.0

Totel o P A SR

non-z2rboreal L7 39 e 26

Totel pollen] 212 2%7 210 209
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The high counts of juniper pollen in the sediments and the low counts
in the pollen rain mey be due to the leste sampling sezson. If this is the
cace, the pollen of the junipers at lower elevations hsd been shed, carried
to this area by the wind, and deposited on the soil surface before the
pollen rain wes sempled. This idea, however, only partially explains thé
velue of juniper pollen (10%) in the sediments in the Western Yellow Pine.
Study Area if the juniper pollen concentrztions fail offes rapidly with
distence as indiceted by the results from the Pinyon-Juniper type. More
pleusible is the idea that the low junipers in the Vestern Yellow Pine
Study Ares shed their pollen close tb the ground and that this pollen is
carried just ebove the ground by the low velocity winds in this forest
type so that the concentration of juniper pollen in the pollen rain is
well below the level of the seampler. | |

No aspen trees were observed in flower in either this study area or
in any other area in the Ssngre de Crisioc Mounteins @uring the two sampling
sezsons. This observation coupled with the evidence about the low resist-
snce of aspen pollen to destruction leads us to expect low concentrations

of this pollen, an assumption which is borne out by the absence of aspen

pollen in the sediments and pollen rain in this area.

Arboreal species end those species in the shrub end sepling stratum
which produce pollen indistinguisheble from that of other, arboreal species
in the same genera have been combined and new velues for relative cover,
relative density, and relative frequency have been calculated.' Thecse
phytosociological measures are compared with the average arboresl pollen

from the three similer sediments from the Western Yellow Pine Study Area

in Table 6.







TABLE 6.

Comparison of the average arboreal pollen extracted from

three similar soil semples from the Western Yellow Pine Study Area with

phytosociological measures of the arboreal-pollen-producing vegetation.

Fhytosociological Measures
epiagas At . Bl Bl O Tl
% % % %
Pinus spp. 78.8 3442 19.2 24,9
Pseudotsuga sp. 59 19.3 12.7 21.8
Abies spp. 1.8 12.3 10.6 17.6
Quercus sp. 2.9 0.8 T 2el
Juniperus sppe. 10.0 0.0 1.9 15
Populus sp. 0.0 32,2 44,3 26.3
Selix sp. 0.0 kA 4.6 4.8
Acer sp. 0.0 0.1 0.2 0.6

The pine, very important in the composition of the sedimentary and

air-borne poilen in the VWestern Yellow Pine Study Aree,is less important

in the phytosociological relationships of the vegetation.

This is partly

due to the ebundence of aspen and Douglas fir, species which did not prod-

uce pollen during the two seasons that the studies were conducted in this

erea, but which account for as much of the vegetation as does the pine.

When the phytosociological data is recalculated using only those

arboreal species which have contributed to the pollen rain or to the sed-

imentary pollen, relationships of the vegetation to the pollen become no

clearer. Factors will have to be calculated which, when multiplied by

the different pollen percentages will give a quantitative representation

of the vegetation present.

£
(6]

o}
L

Such factors, offering only generalizetions

to relative species compositions, will be discussed in a later section

this paper in wvhich all of the data will be assembled and treated together.

T ey Sk
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Without the presence of espen pollen there is no way to quentitatively
determine the presence of this species from fossil pollen profiles. This
inability to assess the status of the aspen is not a serious hzandicap,
because climetic influences on the vegetation are indicated by the pre-
served pollen of other species.

A qualitatife indicator of espen, however, would allow more precise
evalustions of* prehistoric montant vegetation of the southwest. Such an
indicator could be the preserved pollen of a species characteristic of the
espen type. Qualitative indicators of aspen will be discussed in a later
section. V

In the Vestern Yellow Pine Study iArea pine pollen from the surfece
sediments greatly over-represents this genus, as does that of the juniper.
White fir, aspen, and Douglas fir ere under-represented in the sedimentary
pollen. The chenopoé group, not noted in this study erea, mekes up over
20% of the non—arSoreal pollen found in the sediments, a velue which could

lead to misinterpretations of the sedimentary pollen since chenopod pollen

is interpreted as representeative of desert shrub and arid grassland veg-

etational types (Mertin et al. 1961).

Mixed Conifer

The rollen sempler in the Mixed Conifer Study £frea was located 1.2
miles north of the Hyde State Park Renger Headquarters in the NE%, NViZ,
Sec. 36, T18W, RIOE st en elevetion of 8,790 ft. The area lies in the

Sente Fe National Forest just north of the Evde State Park boundary. The

sampler woe located in the bottom of e north-running cenyon 300 ft north

of the divide that separctes the dreinage of this cenyon from that of the







Little Tesuque Creek to the south (Fig. 8). The sempler wes mounted
level with the top of & smell stone trough into which water is pired from
en internittent spring 500 ft to the southeast.

The west slope of the cenyon rises steeply for severel hundred feet
and is dominated by almost equal numbers of western yellow pine, and limber
pins. In the bottom of the canyon these two pine species merge with veg-
etation domincsted by white'fir, Douglas fir, and aspén. The white and
Douglas firs meke up the lergest number of trees on the east slope of the
cenyon which is the west flenk of the mountein (Fig. 9),

The cﬁarse, grevelly soil is decomrosed grenite from the underlying
bedrock. Little_soil stability is found on either slope of the cenyon.
The soil on the slope to the west lacks stebilizing herbaceous vegetation
due to the effects of pine needle eccumulation end exrosure, while that to
the eest is subjected to unconirolled runoffs from the ares disturbed by
the Ski Run Road 300 ft above.

In tke bottoﬁ of the canyon rich deep soil is formed. Herevsuch

species as Galium borezle L., Saxefrege bronchialis L., end Berberis

repens Lindl. meke up 100% ground cover in more sheltered sites.

The phytosociologicel ;tudies of the Mixed Conifer Study irea were
conducted in July and August of 1961. The results of the enalyses of the
datz obtzined are shown by strsta in Tebles Ta, Tb, and Te.

The sediments sempled in the Mixed Conifer Study Aree were of three
tyres: mud from the stone trough, 2 moss polster from the north side of
the trough, and 2 coarse soil scrple taken a few feet south of the trough.

inelyses of the rollen exiracted from these sediment samples and of the

corrent rollen rain are presented in Teble 8.
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i AT 2N

Study Area. View northwest to-

vard sempler from Ski Run Road.

Contour interval 50 feet 1l inch equals 500 feet

Fig. 8. The Mixed Conifer Study Area showing principal drainages,

topography, and vegetationzl types.

Fig. 9. The Mixed Conirer







TABLE 7a. Tree stretum in the Mixed Conifer Study Area. Cover is
based on interception of ten 800-ft lines, density and basal erees on

160,000 ftz, and frequency on 160 q<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>