PLEISTOCLENI: POLLEN ANALYSIS AND
BIOGEOGRAPHY OF THE SOUTHWEST *

PAUL S. .\IARTI.\',’ PETER J. MEHRINGER, Jr.!

WEesT or the 100th meridian, south and west of the Central
Rockics, and east of the Sierra Nevada of California lics
the desert rezion of the United States. Most of the deserts
fall within the Basin-Range Province, which, except near
the Lower Ceoiarado River, lies above 300 m clevation. The
Basin-Range Province extends into the Great Dasin to the
northwest, to the Colorado Plateau on the north, and to
the High Plains on the cast. Relative relief is great, reach-
ing 4,500 m between the bottom of Death Valley and the
top of Mt. Whitney, California, 140 km to the west. In
addition to cxtreme climatic diversity caused by physiog-
raphy there are major regional differences in mean annual
temperature and in seasonal distribution of rainfall. The
Great Basin is a high, cool desert with largely winter pre-
cipitation, the Mohave Desert somewhat lower and warmer,
the Sonoran the lowest and hottest with an important
summer-rainlall component, and the Chilimmahuan higher and
cooler with biologically significant rainfall mainly in the
summer sci<on,

Following its acquixition by the United States after the
war with Mexico, over 100 years ago, intensive geological
and biolugical surveys of the Southiwest began under various
agencies of the federal governinent. By the start of the 20th
century most of the higher animals and plants of the region
were known to science. But even in these groups new specics
continuc to be discovered oceasionally, for example the
vertcbrates Salmo gilae Miller (1950), Plethodon ncomeri-
canus Stebbins and Riciner (1950), Gerrhonotus panamin-
tinus Stebbins (1938), and the oak Quercus ajocnsis
Muller (1234). That parthenogenesis was only recently ilis-
covered in the whiptail lizard, Cnemidophorus, is a further
ilfustration that much remains to be learned regarding even
the “well-known” terrestrial vertebrates.

Ecological studics of the major animal-plant communitics
in the San Francisco Peaks of Arizona led to the concept
of life-zoncs, which Merriam (1590) divided into Alpine,
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Subalpine, Hudsonian, Canadian, Ncutral, Pifion Zone, and
Desert Area. Similar life-zone deseriptions in many descrt
mountains followed, with emphasis in reeent years on the
detailed pattern of individual species distribution (see Lowe,
1964 Whittaker and Nicring, 1964). While the major biotic
zones are now familiar to inost ecologists, detailed ceological
studies of certain distinctive environments of the South-
west are seldom seen in print. These environments include
the marging of playa lakes (Potter, 10937), the natural
cicnegas and undissected floodplains of the desert grassland
(Martin, 1963a, p. 23), the spring mounds of southern
Nevada (Mehringer, in press), and the ice caves of New
Mexico {Lindsey, 19531). Limnology, a more flourishing field
of rescarch in the arid Southwest than one might imagine,
has bheen thoroughly reviewed by Cole (1963), who includes
bogs, basin-range playas, meteoritic pits, voleanic lakes,
mountain lakes (unglaciated), ox-bows, deflation basins, and
=olution basins in his inventory of the more important natu-
ral sediment traps.

The sizable although locally vanishing arcas of natural
desert in the Southwest offer excellent opportunity for
stulies of vegetation dynamics. For example, by photo-
graplic comparison Hastings and Turner (in press) show
a retreat of mesquite, blue palo verde, and creosote hush
from their lower range limits and an upward advanee of
these amd other shrubs into the desert grassland during
the lnst 60 vears. The authors consider elimatic change to
be a major cause.

General account= of the vegetation in parts of the arid
Sonthwest may be found in Lowe (1964), Slireve and Wig-
gius (1964), Benson and Darrow (1934), Hastings and
Turner (in press), Munz and Keek (1949), and Jaeger
(1057). Some of the basie problems encountered in relating
present to past vegetation through fossl-pollen eounts are
exposedd in papers by Potter and Rowley (19603, IHalfsten
(1961), Hevly et al. (in press), Dixon (1962), Martin
(19632), Maher (1063), and King (1964). The short, su-
perior summary by Malde (1964) covers, frum a geologist's
viewpoint, recent developments in the study of Late leisto-
eene enviromments ginee man's arrival in western North
Ameriea.

Trure DeveELorMEeENT oF PouteN ANALYSIS
IN ARID AMERICA

Despite ita limitations, the fossil-pollen record is an cs-
pecially  revealing teehmiqne in the study of Dleistocene
biology, and mueh of our account will focus on reecunt
developnnents in this field, In the Southwest the use of
pollen analysis in pulcoccology can be traced to Laudermilk
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Figure 1. Pleistocene pollcn-slmngmpluc areas in the Southwest. Numbers rcfcr to areas and

bibliographic sourecs given in Table 1.

and Munz (1934), who illustrated various pollen grains in
coprolite of the Shasta ground sloth. An carly effort at
postglacial pollen stratigraphy, made at the instigation of
Ernst Antevs, was that of Sears (1937), who prepared a
simple diagram of pollen in alluvial samples found near
Kaycenta in northern Arizona. The discovery that pollen
occurs in tediments fromn dry lakes (playas) in the South-
west {Scars and Clisby, 1952; Clisby and Sears, 1356)
revealed an extraordinarily rich source of fossil pollen in
beds once considered largely devoid of organic remaing
(Tolman, 1004, p. 160). In cave carth Aunderson (1953)
encountered Zea among the pollen assoeiated with archae-
ological materials. Pollen analysis of the present decade
continues to be based on the study of alluvium, playa lake
clays, cave carth (including coprolite), and fill of archac-
ological sites, plus some newly discovered sourees such as
the buricd orzanic mats and wind-blown silt of spring
mounds (Mehringer, in press), and the soil profile of monn-
tain forests (Ning, 1064).

But cach of these environments of deposition has its own
cffcet on the pollen record, and climatic change is not the
only major variable that can alter the pollen content of
sediments. For example, Tertiary microfossils are a scrious
contaminant of Pleistocene alluvium in Wyoming (Rolirer
and Leopold, 1963). Tollen of Sarcobatus, Ephedra, and
other xerophytes is carried in dust storms from the desert -
into conifer-rimmed mountain lakes (Maber, 1963), while
tree pollen, notably pine, accounts for as much as 4065 of the
pollen in certain desert soils, Although pollen is abundant in
coprolite, it is greatly affected by phenelogy and feeding
habits of the anitnal under study. Muweh remains to be
learned about the fossil “pulicn puol™ and about its mast
effective use in arid-land paleoccology. Plant macrofosils
arc needed to supplement the pollen record. A promising

and recently discovered source is the content of desert
pack-rat middens which may contain seeds, twigs, and bone
cemented with urine and enduring largely intact for over
40,000 years (Wells and Jorgensen, 1964).

All but cight of the Pleistocene pollen stratigraplic
records shown in Figure 1 are based on analyses published
in the present decade or still in manuseript, making it
impossible to develop perspective in our review, which
scems destined by the rapid growth of the field for un-
planned obsolescence, While the palynological literature of
the Southwest is still small enough to summarize casily,
the saine may not be said for the biogeographic literature,
which is voluminous. In the conviction that a major advance

‘in Pleistocene studics of the Southwest over the past

deeade has been the growth of pollen analysis, we have
choscn to stress this part of the fossil record. But there is
much to expeet from future studies of plant macrofossils,
tliatoms, mollusks, vertcbrates, and other common’ Pleisto-
cene lossils. The special insight of the taxonomist with a
taste for biogeography continues to be worth close attention
from all students of the Pleistocene.

Divistons oF TitE PLEISTOCENE

The Southwestern fossil-pollen record ean be divided into
three clearly marked perinds: pre-Wisconsin (Sangamon
aml older), Wisconsin (12,000-70,000 before the present),
and postglacial (12,000 years ago to date). Because of the
formidable regional variation in climate, vegetation, and
therefore in local pollen rain, a detailed Pleistocene chro-
nology of the Southwest will require far more than the
50-odld dingrams reviewed by us at this time (Fig. 1). Cer-
tain major guidelines for future study are at hand, and the
moro obwious featurcs of the Southwestern polien record
ean be identified. For example, the dominant Pleistocene
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Tanee 1

Pallen-study Arcae in thee Southiwest That Are
Shown in Fig. L
(Those marked by an aslerisk are also shown on Figs. 3 and 4)
CaLirorN1y
1. Kennedy Meadows, Bakcoven Knob, Alnbama Hills,
and Little Lake. Axcirod and Ting, 1961
2. Owens Lake. Martin, unpubl.
3. China Lake. Martin, unpubl.
*4. Scarles Lake. Roosma, 1958 ; Lcopold, unpubl
Nevana
*5. Tule S;rings. Mchringer, in press
8. Gypsum Cave. Lawlcrmilk and Munz, 1934

Pleiktocene

Uran
7. Glen Canyon, Colarado River. Martin and Sharrock,
1964
ARIZoNA
8. Navajo National Monument. Leopold, unpubl.; Sears,
1961

9. Rampart Cave. Marun. Subels, and Shutler, 1061
*10. Potato Lake. Whiteside, 196Gt
11. Hay Hollow Wash. Hevly, 1964a
*12. Laguna Salada. Hevly, 1962, 1964 ; Sehocnwetter, 1962
13. Hooper Ranch, cte. Schoenwetter, 1962
14. Point of Pincs. Martin and Schocnwetter, 1960; Martin,
1063a
15. Safiord. Gray, 1961
*16. Willcox Playa. Hevly and Martin, 1961 ; Martin, 1983¢
17. Ciencga Creck, Matty Wash. Martin, 19633
18. Lewis Springs. Martin, 1963a
19. Lehner Ranch Arroyo. Mchringer and Haynes, in press
20. Double Adobe and vicini(y. Martin, 1963a
21. San Simon Cienega. Martin, 1063a

Cororipo
22. Molas Lake. Maher, 1961
23. Wetherill Afesa. Byers and Martin, in press

Nzw Mexico

24. Navajo Dam, San Juan River. Schoenwetler and Eddy,

1904
*25. Chuska Mountains, Dead Man Lake. Bent, 1980; Bent

and Wright, 1963

26. Chaco Canyon. Martin, unpubl,

27. Picuris Pueblo. Schoenwetter, unpubl.

28. Tesuque. Leopold, Leopold, and Wendorf, 1963

29, Valle Graade. Scars and Clisby, 1952

30. San Jou Site. Hafsten, 1961

31. Harold Rud Sait Lake. Hafsten, 1961

32. Middle Pecos, Ft. Sumnecr. Jelinek and Martin, unpubl.

33. Arch Lake. Hafsten, 1961
*34. San Augustin Plains. Clisby and Sears, 1956; Clishy el
al., 1057; Clisby ¢t al, 1962; Clisby, unpubl.
35. Reserve and vicinity, Schoenwetter, 1962
36. Malpais Spring. Hafsten, 1961
37. Wolfe Ranch Canyon. Hafsten, 1961
Texas
38. Rita Blanca Lake. Kirk!and and Anderson, 1963
*39. Rich Lake. Hafsten, 1961
40. Tahoka Lake. Hafslen, 1061
*41. Cranc Lake. Hafsten, 1961
42, Juan Cordova Lake. Hafsten, 1961
43. Damp Cave, Centipede Cave. Johnson, 1963
44. Franklin Rog. Potzger and Tharp, 1951
45. Gauzc Bog. Potzeer and Tharp, 1954
46. Patschke Bog. Patzger and Tharp, 1947
47. Socfje Bog. Grmahnm and Heimsch, 1960

pollen types to be expeeted in most sediments include
the following groups: (1) cheno-ams (Chenopodiaceae plus
Amaranthus), (2) Compositae (scparable into Arfemisia,
short-spine, and long-spine types), (3) grasses, (4) wind-

pollinaterd trees, e<peeially pine, followed hy ecither spruce,
onk, or janiper, depending on loeation and history of the
deponit,

PRE-WISCONSIN T'LEISTOCENE

In their pioncering study on the San Augustin Plains,
Clisby and Sears (1956) perceived that a major change in
pollen content clearly associated with continental glacia-
tion could be fonnd in that part of their core associated
by radiocarbon dating with Wisconsin glaciation. The Wis-
consin beds can be characterized by a maximum of pine
and sprucc pollen and are thought to reflect invasion ol
tho arid San Augustin Plains by spruee and other boreal
conilers.

The extraordinary . feature of Clisby and Sears’ record
is not the fact that a spruce invasion occurred but that it
happened only once. Evidence of a pre-Wisconsin descent of
boreal forest into the part of San Augustin Plaing.now
occupied by juniper grassland was not found in deeper
parts of the San Augustin Plains core (Clisby et al., 1957;
Clisby, writfen communication), sampled to a depth of
over 300 m. Periodic changes in vegetation types that might
be assigned to relatively cold versus relatively warm cli-
mates through four or more separate glacials are not
obvious.

No other playas in the Southwest have been studied to
o great a depth as the San Augustin Plains. From pluvial
Lake Cochise in southern Arizona the upper 20 m of a 42-m
core rcveals Wisconsin-age pine parkland and woodland
within a region currently domiinated by desert grassland
and mesquite. Below 20 m grass pollen dominates those
strata that contain pollen (Martin, 1963¢). Pine-dominated
strata are absent, and the pre-Wisconsin pluvial environ-
ment shows none of the attributes of the Wisconsin-age
beds.

Samples from pluvial Lake Bonneville in two separate
drill cores supplied by A. J. Eardley of the University of
Utah have been studied to a depth of 30 m; the pine-
spruee curves are summarized in Figure 2. Radiocarbon
dates of full-glacial age lic at or slightly above the zone in
which pine pollen is found in greatest abundance. Presum-
ably, the Wisconsin extends to a depth of 12 m. The zone
between 12 and 16 m, in which pollen is not present, is

thought to represent an interglacial. Beneath it fossil pollen

again marks what should be a glacial, but the maximum
in pine pollen (including some spruce) scen at the top of
tho Wendover core does not reappear.

A drill core from China Lake, California, contains sterile
horizons to a depth of 6 m, where pollen of sedge aund
eattail is associated with a C1* date of 28,500 = 4,300
(A-451) on carbonate of the fresh water mussel Anodonta
oregonensis (P. E. Damon, written communication). Strata
lacking pollen again appear between 12 and 16 m and may
represent. the same sterile zone found in Lake Bonneville.
Unlike the rccord from most Southwestern playas, Picca
(spruce) is very rare relative to fir in the China Lake core,
and there is no reason to believe this boreal tree migrated
south along the Sicrra Nevada during the Wisconsin (sce
Adam, 1964, p. 15). Problems and possibilitics in corrclat-
ing playa-lake drill corcs are shown in Figure 2.
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Most Early Pleistocene and Tertiary lacustrine or alluvial
outcrops in Arizona contain little pollen (Gray, 1960). An
exception are three short drill-core samples from the Safford
Basin in southeastern Arizona, conszilered to lie below late
Blanean and Irvingtonmian vertebrates at the 111 Raneh
{Gray, 1961). The fossil counts contain more tree pollen
(especially Cupressaceae, Pinus, and Quercus) and Arte-
misia than do modern pollen-rain samples from the region,
thus suggesting a cooler or wetter climate and presumably
Early Pleistocene pluvial conditions. A correlation with
Nebraskan or pre-Nebraskan glaciation is possible. OF con-
siderable bicccographic interest is pollen of Ostrya (24
records in about 4,000 determinations) and of Uhnus (5
records in 4,000 determinations).

Pollen analysis of a Blancan-age lake near Channing,
Texas, by Harbour (Kirkland and Anderson, 1963) indi-
cates over 507 Artemisia polien, far more than is found
i the region today and comparable to the hizh frequencies
of Artcmuisia in the Rich Lake Interpluvial (Zone D of
Hafsten, 1061). Further evidenee of elinatic change is
scen in the fossil-leaf record, of which about half consists of
Quercus. All the oaks arc deciduous species presently
found cither east or west of the fossil loeality, Other
leaves include Salixr, Populus, Morus, and Ulmus, thus
establishing bevond doubt a mwore westerly occurrence of
elm (Ulmug) in the Late Pliocene or Early Pleistocene.

Presently, the conter of abundanee for treex found in the
Rita Blanca fossil beds is at least 400 kmi to the east in a

mitich more mesic part of Texas, However, regions shedding
high quantitics of Artemisia pollen today lie to the west,
anddl a mixing of eentral Texan with Northern Plains cle-
menta seems required by both fossil-polien and feaf recards,

An Tarly Plcistocene pollen record from California in
the southern Sierra Nevada and adjacent Owens Valley is
claimed by Axclrod and Ting (1061). If their conclusions
are correct the deposits predate a2 2,000-m uplift of the
Sicrra Nevada when species of trees not presently fonnd
in southern California extended southward along the Sierra.
Their interpretation scerns discordant with recent potas-
sium-argon dates of Pliocenc age for the surface under
study (Dalrymple, 1963) and with the glacial chronology
of the Sicrra Nevada (Sharp and Birman, 1963, p. 1053).
But it iz possible that major tectonic activity occurred in
the Pleistocene and that this will complicate geologic-
climatic dating of certain beds.

While both the Safford, Arizona, and Rita Blanca, Texus,
deposits contain cvidence of cooler and moister conditinnz
than characterize those areas today, they do not equal the
dramatic change scen in the Wisconsin full-glacial. As the
latter event occurred through only a relatively small part
of the Wisconsin, perhaps no more than 6,000 years, it is
possible that Early or Middle Pleistocene changes of
comparable magnitude will eventually be found. Admittedly,
the absence of a well-marked cold-wet Illinoian in the San
Augustin Plains or in the shorter cores from Lake Cochise
and the Great Salt Lake Desert does not match current
climatic interpretations from other regions. For example,
from their Savanna de Bogota core in Colombia, van der
Hammen and Gonzalez (1960, p. 305) conclude that the
next-to-last glacial, the Riss, was very cold with a greater
displacement to vegetation zones than is seen in the Wiirm-
Wisconsin. Such a record has yet to be found in the South-
west, making pre-Wisconsin climatic correlations very difi-
cult.

THFE WISCONSIN GLACIAL
If unecquivoeal climatic corrclations between continental

~ glaciation and Southwestern pollen stratigraphy cannot be

demonstrated for the Early and Middle Pleistocene, cor-
relations within the last glaciation are more promising and
can be supported in some cases by radiocarbon dating.

According to Flint (1063) the last glacial began approxi-
mately 70,000 years ago, reached a masimum 20,000 yvears
ago, and ended by S000 n.c. An estimated age of 70.00)
years appears reasonable for the Wisconsin portion of drill
cores from San Augustin Plains, New Mexico (Clisby amd
Scars, 1056), Lake Cochise, Arizona (Martin, 1963c), Luake
Bonneville, Utah, and China Lake (see Fig. 2) and Searles
Lake, California. Despite major fluctuations in the ice
margin, presumably accompanied by elimatie changes that
would be felt in arid regions, there was no warn interval
during the last 70,000 years that could be considered ax a
true interglacial.

In the Texas High Plaing the Rich Lake Interpluvial
{22,000 to 32,000 years ago) was characterized by high
pollen frequencies of grass and Artemisia, with small
amotnts of Ephedra, oak, and cheno-ams. According to
Wendorl (1061, p, 130), the pollen and invertebrate data
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indicale a climate slightly conler and possibly more moist
than today . Tt is quite likely that this interval corresponds
in age to the Clear Creek fauna near Dallas, Tesas (Slaugh-
ter and Ritchie, 1963), earbon-dated al 20,000 years and
showing an ea:terly movement of small mammals now
found in central and west Texas, plus a southerly penctra-
tion of the boz lemming Synaptomys. A decline in pine
pollen older than the full-glacial ocenrs at Tule Springs
(Mchringer, in press). These events argue for an interstadial
of relatively mild climate immediately preeeding the full-
glacial and corresponding to the Plum Point inferstadial
(Flint, 1963) and the Paudorf oscillation of the Luropean
Pleistocence.

Southwestern pollen profiles containing horizons that by
radiocarbon dates or on other grounds can be asrigned to
the interval Letween 17,000 to 23,000 years ago are desig-
nated in Table 1 by an asterisk. Within the Mohave Desert
at-Searles Lake this was a time when wondland occupied
a region prezently dominated by creosote bush, white
bur-sage, and various species of saltbush (Roosma, 1938).
Within another part of the Mohave Desert at Tule Springs
(Fig. 5a), Nevada, woodland or pos<ibly yellow-pine park-
land is repre-ented in sediments of full-glacial age (Meh-
ringer, in pressi. Radiocarbon dates <how that juniper and
other trees and :hrubs were growing 600 m Lelow their pres-
ent lower limits near Frenchman Flat at various times from
>40,000 to 7.5300 years ago (Wells and Jorgensen, 1964).
In the Great Basin the pollen recard from Great Salt
Lake indicates a maximum of pinc and spruce, with very
little Artemisir or other Great Basin desert shrubs, just be-
low sediments Jdated as: 20,000-24,000 yvears old. Within the
Colorado Plateau, Bent (1960) and Bent and Wright (1063)
record a subaipine wondland of spruce and Artemisia at
Decad Man Lake in the Chuszka Mountains, while Whiteside
(1964) found a similar dominance of spruce and Artemisia
in sediments from a small lake belind the Mogollon Rlin of
central Arizona. Both arcas have been dominated by pon-
derosa pinc through most of postglacial time.

In a drier arca at lower clevation on the north side of the
Mogollon Rim, MHevly (1962, 19G4a, 1964b) found polien
of pinc and spruce similar to the pinc-spruce fossil record
recorded by Clizby and Scars in the San Augustin Plains.
Hevly's pinc-spruce maximum lics stratigraphieally  be-
neath a radiocarbon date of 7,300 %= 110 yearas (A-250).
Clisby and Sears' spruce maximum can be directly related
to radiocarbon dates of 23,070 = 650 years (Y-1053). Today
both areas are dominated by juniper grassland.

At the bottom of shallow soil profiles, 10 em or less in
depth, in the Samdia Mountains of New Mexico, King
(1064) found spruee pollen pereentaces equivalent to those
in the modern pollen rain of the Sandias at higler cle-
vations, in one case wnplying an S10-m vertical descent
of spruce-fir forest. The Sandia profiles are undated; in the
absence of an accompanying inercase in Artemisia they
differ from Wizconsin-aze deposits in the Chuska Mountaing
and along the Mozollon Rim. In view of the abundunt op-
portunity for post-depositional aiteration of pollen per-
centapges in a soil, it s hard to believe that they do not
represent a mixture of pollen rains of different agex, Differ-
entinl destruction could also account for the apparent in-

erease in spruce with depth. But King's provoeative dis-
covery should ‘encourage further interest in the meaning
of pollen in the soil profile, aml his detailed analysis of the
madern pollen rain contiained in moss polsters i+ an im-
portant contribution to that neglected subject.

South of the Colorado Plateau in the desert grassland,
20,000-year-old sediments from Lake Cochize, Arizona, arc
almost exclusively composed of pine pollen with very sinall
amounts of spruce and grass (Martin, 1963¢c). Tn west
Texas Hafsten records a simnilar maximnm of pine and
spruce at about the same time, with very few or no
other pollen types represented during the Tahoka pluvial.
One radiocarbon date of 17,000 years from Rich Lake indi-
cates full-glacial age. Suspicion that the extremely high
pine counts might represent a type of pinyon-juniper
woodland (Jeclinek, 1962) is not borne out by inodern
pollen-rain studies in the Sangre de Cristo (Dixon, 1062)
and the San Juan Mountains (Maher, 1963). The pinc-
dominated Tahoka pluvial seems to contain too much spruee
pollen and too little juniper to represent a pinyon-juniper
woodland. Admittedly macrofossl evidence is badly needed 2

Hafsten’s pinc-spruce Pollen Zone C from the Texns
High Plains may be reflected in Potzeer and Tharp's (1047)
diagram {rom DP’atschke Bog in cast Texas. The botton of
their profile at 22 ft contains almost 509 pinc pollen, with
a few pereent spruce, in an area in which the postglacial
pollen record is dominated by grass and oak with an ex-
tremely low frequeney of pine. Subsequent work in the cast
Texas bogs has failed to confirm the initial pine dominance
(Potzger and Tharp, 1954; Graham and Heimsch, 1060),
Lut the later studies may not have included sediments of
cquivalent age.

From what i known of 1the Southwestern pollen record,
expecially the localities listed in Table 2 or marked by an
asterizk in Figure 1, we have projected a vegetation map

‘for 20,000 vears ago (compare Figs. 3 and 4). The result is

clearly a first approximation. Furthermore, alisolnte reliance
on radiocarbon dates as criteria for cstablishing full-glacial
age can be hazardous in view of the apparent ages of

. 17,000 to 25,000 vears on fiving aquatic plants in Monte-

zuma Well, Arizona (Damon, Havnes, and Cole, 1964},
Fortunately, the Montezuna Well anomaly is a special ease
related to unusnal geochemical awd topographic eirenm-
stances. For more detailed diseussion of proecedure, V'
dates, and an earlier version of the full-glacial vegetation
map, see Martin (1064).

A major Jiflienlty in constructing Figure 4 was the prob-
lein of the Sonoran Duesert, The sediments from Ventana
Cave, in the heart of the Sonoran Desert of southern
Arizona, has been carbon-dated at the level of voleanic
debris at 11,300 %= 1,200 yearz (Damon and Long, 1962, p.
2406). Apart from the hazards jnvolved when climatie in-
ference ig based on large Pleistocene vertebrates—to be
dicenssed  later—the date indicates that the assoriated

*P. V. Wells has uncovered woodd of pinyon, juniper, and
Bereberis of Tall-glaeiad ave in praek-eat middens of the Big Rend
region, Texan (UCLA 785, 1K, 750 = 360, sce Rudiocarbon, v. 7).
The region tadny is part of the Chilumlwman Desert; it {adlx
within the area nnpped as pinyon-juniper woodland on Figure
4
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Tasis 2
Maodern and Fall-ghainl (17,000-23000 n.e.) Vegetation in Arizong, Now: Mexivo, and Went Toxans
{Nar = non-arboreal pollen)
Pollen rain in pereent Dominant vegetation
Present Llov.
environment Location and source inm Modern Full-glacial Modern Full-glacial
Cool . Potato Lake, Ariz. 2,310 Pine-65 Spruce-25 Pondcrosa pine  Subalpine
montane (Whiteside, 1964) Gross-20 Pine-15 foreat spruce-woodland
conifers Arteminie-20
. Dead Man Lake, N.M. 2,640 Pine-70 Spruce-8 Ponderosa pine  Subalpine
{Bent, 1960) NAP-25 FPinc-30 parklaud spruce-woodland
Spruce-tr. Arlemisin-50
Cool . Laguna Salada, Ariz. 1,000 Pine-20 Spruce-7 Juniper- Spruce-pine forest
grassland (Hevly, 1962) Juniper-25 Pine-50° grassland
NAP-50 Artemisin-10
. San Augustin Plains, N. M. 2,000 Pine-20 Pinc-85 Blue grama Spruce-pine forest
(Clishy and Sears, 1036, Cheno-ams-G0  Spruce-13 grassland-
Clishy ¢t al., 1962) Composites-5  Fir-1 salthush
Warm . Pluvial Lake Cochise, Ariz. 1,260 Pine-20 Pine-88 Mesquite- Pine parkland
grassland (Martin, 1963¢) NAP-TO Spruce-1 grassiand
. Rich Lake, Tex. 1,100 Pine-15 Pine-90 Short grass Pino parkland
(Hafsten, 1961) KAP-85 Sprucc-8 plains (with spruce?)

fauna will not shed much bght on what the Sonoran Desert
was like at the height of continental glaciation. The elaim
for grassland in the arca at the time appears based largely
on the abundance of horse bones in both the conglomerate
and volcanic debris (Colbert in Haury, 1930, p. 137). But
the fossil-polien content of a sample of voleanic debris

(Fig. 6) is similar in proportions to pollen counts of the
soil surface of the Sonoran Desert near Tucson and is
unlike pollen counts from the desert grassland of south-
castern Arizona. Furthermore, the assumption that fossil
horses are reliable indicators of grassland loses its validity
if one considers the present range of thousands of burros
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and horses living wild in the Mohave Desert, one of the
leaxt graxsy parts of western North Ameriea.

Dexpite the fact that the Sonoran Desert was probably
in 1= present position 11,000 years ago, it scems oqually
likely that it wax displaced by carlier full-glacial climatie
changes which caused pine parklind to invade the desert
gra==lund and caused woodland to =preal through the Great
Basin and Mohave Deserts. The plant eonmunities to be
expected in the Sonorun Desert 20,000 years ago would he
sagebrush and chaparral, with creosote bush persisting along
the lower Colorado River. At the same tine, applying the
expected 900 to 1,200 m of vertieal displacement to ecrtain
species of the Sonoran Desert ercates a peeuliar difticulty,
Even il sca level were 100 m lower at the time, it appears
that any major drop in vertical range would have submerzed
many desert plants in the waters of the Gulf of California,

This hypothetical fale wonld not Iie a hazard in the case
of the emblem of the Sonoran Desert, the saguaro (Cercus
piganteus), which exceeds 1,200 m in its paeent vertical
range, but it would be in the case of those Mexican specics
that do not enjoy great vertieal amplitude, as the cardon
(Cercux pringled), boojum  (Idria columnariz), and the
arhoreal caper (Forchammeria watsonif). DBacked against
the arid teapics of Rinaloa, with the Sierra Madre Occidental

blocking retreat to the west and with Great Basin chaparral
and gagebrush presumably invading from the north, Sonoran
Desert plants may have been hard pressed. Huopefully,
pollen stwlies around the Gulf of California begnn by
Anriel Cross and his <tudents at Miehigan State University
will uncover the loeation of Sunoran Desert speeies 20,000
years ago,

TUHE POSTGLACIAL, 12,000 B.r. TO PRESENT

On the basis of the pollen-stratigraphic evidence we have
chosen 1o place the beginuing of the postglacial in the
Sonthwest at about 12,000 years ago. Thus the carly part
of our pustglacial wonld fall within late-glacial time of the
castern United States, which is climatically quite distinet
frot the postglacial of that area (Deevey and Fhlint, 1957).
Tu the Southwest the st glacial-pluvial pollen records are
CH datedd between 3,000 and 12,0600 wa. There follows a
rapid change to pollen speetra resembling more  closely
thuse of the rest of the postglacial than of the full-glacial.
Thiz rapil change =ems to correspond in time to the
Two Crecks ice recession of classical Wiseonsin glaciation
(Broceker and Furrand, 1963). Carbon-dated  pollen evi-
denee for a rapid vegetation change in the Southwest at the
beginning of the postglacial (fe. from glaetad maist-cool
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Figure 5a. Pollen diagram (pollen profile II) from Tule Springs, Nevada, showing a full-gla-
cial record from lake beds. The changes in Pinws and Typha pollen are thought to
be the result of fluctuating lake levels which may or may not be rclated to climatic
change (for a discussion of the Tule Springs dingrams sce Mehringer, in press).

conditions to postglacial dricr-warmer conditions) is ap-
parent in the pollen records from Tule Springs, Nevada
(Fig. 5b; Mchringer, in press), Potato Lake, Arizona
(Whiteside, 1964), San Augustin Plains, New Mexico (Clisby
and Scars, 1956}, and Crane Lake, Texas (Ilafsten, 1961).

In southeastern Arizona, pollen speetra from the Naco,
Ventana Cave, and Lelner Early Man sites (Fig. 6) show
that by 11,000 vears ago the vegetation was similar to
today’s (for a discussion of the carbon dating of these sites
sec Havnes, 1964). At the Lehner site the postglacial
beds, dating from about 11,200 years ago, contain fossils of
mollusks that are found there now. An older stratigraphic
unit, separated from the postglacial beds by an erosion
surface and C!* dated at 11,600 = 400 p.r. (A-47S, Damon,
Havnes, and Long, 196:1), contnins fossils of snails which
live today enly in the higher mountains of southern Arizona
(Mchringer and Ilavnes, in press).

While there is every reason to expect late-glacial oscilla-
tions of the type so familiar to pollen stratigraphers in
temperaic Iatitudes, some claims for their existence in the
Soutlwest appear to be based as much on expectation as
on cvidence, And in view of the recent revision in the long-
aceepted correlation of the Two Crevks interstadial of the
Great Lakes with the Allerdd of western Europe, based on
carcful stratigraphy and radiocarbon dating (Broccker and
Farraud, 1963}, the factle naming of an undated pine

fluctuation in the Southwest as correlative with some par-
ticular late-glacial fluctuation in Europe or castern North
America scems Lo us questionable. If worldwide changes are
to be hypothesized, the Southwestern pollen record is in
accord with the evidence of Broccker ¢t al. (1960) for an
abrupt change in climate close to 11,000 ycars ago.

The pollen record of the last- 10,000 years shows intriguing
but at most minor changes. In cast Tcxas the organic
material of spring sceps appears to be mainly of post-
glacial age. Grahame and Heimsch (1060) found little
change in fossil content of a 4.6-m profile. In high-altitude
lakes of the southern Colorado Plateau the -postglacial
pollen record also scems relatively stable (Bent and
Wright, 1963; Maher, 1961; Whiteside, 1964). A more
variable postglacial record is that of Ilevly (1964a), who
recognizes five postglacial zones and develops the coneept
of “sensitive sites” as nccessary in uncovering postglacial
vegetation shifts of 150-300-1n amplitude,

In the Texas High Plains, Hafsten divided his post-
glacial Pollen Zone A into four parts, based on minor {luc-
tuations of cheno-ams, composites, and pine. Major fluetu-
ations in the first two types characterized floodplains of
southern Arizona, where Martin (1963a) proposed a four-
part floodplain chronology with two compasite and two
cheno-nm maxima, In the case of the Lehuer site, counts
made exclusive of cheno-nms and composites (Fig., 6) re-
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mitrdin a ms—domnmto(l record showing little change. The
chm in. composntc and chicno-am proporlions that are
conspicuous in most pollen records from the desert Rgass-
lands of Arizona are thotight to represent lacal eaphic con-
dxllou (eeommnyjru crasion (cheno-am dominanee)? er al-
Iuv (d\oﬂ-sx'inc Oomposxtnc dominanee) n]ong ﬂood-
plaing (Martin, 10634, [y 49).%

Before the devclgpmcnt of Southwestern pol]cn aml)ms

PHYTOGEOGRA PIY AND PALYNOLOGY

a climatic model propased by Bryan and Anlevs. was.widely
adopted—a model that attributed arroyo eutting, caliehifi-
cation, and extinction of large mammals to nid-postglacial
hot, dry elimates. Evidence for a reduction in tree pollen
and a maximuw in grass and cheno-am pollen ean be found
in the mid-postglacial of Wyaming (ITanscn, 1931), central
Colorado (DPennak, 1963), southern Colorado (Mabher,
1i1), northern Nevada (Sears and Roosma, 1961), possibly
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Figure 6. Pollen dingramn from the Lehner Ranch Arvoyo (Haury et al, 1059) and single
suuples from the voleanic debris laver of Ventana Cave (Haury, 1950) and from
dirt adlicring to n vertebra of a nuunmoth from the Naco Site (Ilaury ¢t al,
1853). BN

The Ulmor pollen clmgr.nn showa portions of tliree pollen profiles from pre-

Alithennal-nge beds (Antove, 1059).. The sulid portion of the diagram represents

the finst count (200 graina), which includex aft pollen types, The lined portion indi-

cates the revomd pollen count (100 grains), exclieling cheno-mny and composites,

The dots () indicate less than 15 of a pollen type in the first couny or fesy than

2% in the sccomd count, Both counts are plotted to the samie scale and are read

from the zero pereent line at the feft (Meleinger and Hayaces, in press).
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southern Nevada (Mcliringer, in press), and northern
Arizona (Hevly, 1%Ha). How much “dronght” i to be read
into tho records may bo less important than establizhing
whether there was a shift in scasonality, with summer
stormincss partly compensating for a decrease in winter
precipitation {zco also Malde, 1964, p. 127).

Along the Mexiean border the Antevs-Bryan climatic
model of dronght as a cause of arroyo cutling has not
been substantiated by evidence of marked aridity in the
mid-postglacial polien record (Martin, 1963a). There it is
possible that under the influence of the Mexican monsoon
tho Altitherinal actually may have been a tine of gréater
precipitation, at least in sunnuer, rather than of dronght.
Carbon-datcil pollen records falling within the Altithernal
(4,000 to 7,200 years) arc few, hut three gleaned from a
total of 13 carbion-dated pollen spectra of postglacial age
- sbow glightly higher numbers of cither pine or grass pollen,
with some ponding evidenced by hygric pollen types (Mar-
tin, 19G3b). Ncar the Pecos River in Texas, Johnson (1943)
also found a pine risc during the archaic and suggested wet-
ter conditions during the “Altithermal” of that area.

Because of the naturc of relative numbers an increa~e
in pine pollen is Ly no wmeans absolute proof of an in-
crease in growth of pinc treez, and undder & eircumstanee
in which loeal pollen production is reduced, conccivably ax
a result of unfavorable climatic conditions, there could be a
relative increase in the amount of pine pollen receives] at
tho site of deposition. The interpretation of slight ehanges
in pinc-pollen frequencies in fossil-pollen records from the
arid Southwest presents problems ydt 10 be resolved. In
arcas of varving relief where eoniferous forestx are sepa-
rated from deserts by a thousand or more meters in cleva-
tion but by only a few tens of kilomcters in distanee, a
high percentage of wind-blown pine pollen may be fouud
in the modern pollen content of desert soils {Meliringer, in
press; Hevly et al, in press). The relative frequency of
pine pollen increases with the reduction in plant cover as
one enters the desert {sce Martin and Gray, 1962, Fie. 1).
This is also true in arcas remote from montane forest. For
example, the soil surface of the Sonoran Desert at Yunma,
in southwestern Arizona about 110 km from the nearest
conifcrous forest, contains a higher percentage of pine pollen
than do soil surface samples of the desert grassland of =outh-
castern Arizona, which i3 surrounded by mountains with
coniferous forests,

Thus an increcase in pine-pallen pereentages in an alluvial
pollen record from the desert grassland (Martin, 1063:)
might mean cither an expansion of local forests and more
moist conditions, as Martin supposed, or a reduction i local
plant cover, the result of drought. Whatever later iscov-
crics may reveal, there is yet no elear evidence from the
floodplain pollen record that suggests “deserts on the mareh”
or an Altithermal climate in southern Aricona aml New
Mexico that was appreciably hotter and dries than today's,

Many pollen studies in the Southwest can be associated
with archacological excavations (sce Fig. 1). Pollen occtirs
in trash mounds, in subterrancan ceremonial rooms (kivas),
in buriedd floors of Pucblo rooms or pithouses, and in eave
carth. Alluvimin contains a pollen record less casily related
ts man's activities, but some alluvial sites contain corn

(%ca) pullen, verifying its presence in the Southwest 2,000
or more years ago (Martin and Schocnwetter, J060) and
suggesting its cultivation behind stone walls constructed s
chieck-dams (Bycrs and Martin, in press). Pollen of Cucur-
bitn, both pcpo and moschata-mizta types, commanly ap-
pears in prehistoric sites and human feces, while pollen of
beans  (Phascolus) and cotton (Gossypium) is scldom
found. Other pollen types found in abundance only around
archacological sites and thus considered of economic signif-
icance—althiough the plants themsclves may not have been
cultivated by prehistoric man—include Rocky Mountain
beeweed (Cleome), cactns (esperinlly Opuntia), Agave,
and Liliaceac. Prehistoriec human feees are highly variable
in pallen content; they may contain large nmmbers of pollen
graing of mast of the foregoing types (Martin and Shir-
rack, 1964), and may on occasion by dominated by sinzlv
specics nsed for food only seasonally, such as Populus, shor!-
spine Compositae (ef, Dicoria), and a large-sized grass polien.

The pollen content of the sediments of certain archacolom:-
cal sites may show an inerease in pine in the 11th and 13-
14th centuries that Schoenwetter (1962) and Hevly (19404,
believe ean he associated with climatic changes. 11 it can
be established that these changes are independent of cui-
tural disturhaee, or of changes in the non-pine pollen st
{Leopold et al., 1063), it will be possible to interpret cul-
turad listory more directly in terms of climate than has
been po=sible previously. Perhaps the best evidence of lure
prehistorie climatic fluctuation is still that found i the
tree-ring record, plus the very fact of Pueblo abandunment.

In smumary, the Southwestern pollen record of the
Pleistocene indicates (1) diflicnltics -in correlating with
continental glaciation of the Early and Middle Pleistocene:
(2) dircet carrelation with Wisconsin glaciation, starting
perhaps 70,000 years ago, with biotic zones descending 000-
1,200 m; (3) a rapid rather than gradual recovery of post-
glacial vegetation about 12,000 B.r., and (4) intrizuing but
relatively minor changes in pollen proportions, sugzesting
150-400 m of vertical displacement in vegetation zones over
the last 12,000 years. These minor changes in postglacial
pollen profiles can be associated with arroyo cutting, Puchla
abandomment, and other significant climatic and cultural
cvents.

PLeEisroceNE Bioceograrny

The biogeographic storm long raging in castern United
States regarding the degree to which biotic conununitie:
were affeeted by glaciation can e traced into the South-
west, where the nature of Pleistocene climates has al=o beeu
a matter of perennial intcrest, considerable difference in
opinion, and some contention (compare Merriam, N,
p. 20205 Fpling, 1044; Decvey, 1949, p. 1394-1400; Me-
Vaugh, 1051; Autevs, 1951; Dillon, 195G; Croizat, 1955,
p. 42; Norris, 1058, p. 305; Darrow, 1961, p. 37-41; and
Howden, 1963)..Among the first to consider the ¢fleet of
the Pleistoccne on plant distribution in the west wax John
Muir (I1877), who aobserved that groves of the giant se-
quoiay  oceupy  nuglaciated areas in California between
glaciated valleys suel ns King's River, Tuohnae, and the
Mereed. Muir concluded that scquoias were not distributed
more extensively in the Sierra Nevada in postglacial time.
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Recent suinmarics of Terlnry palebotany  (Axclrod,
1050, 1958; Darrow, 1961; M: wcCiinitie, 1958) present evi-
dence for arid climates from the Miocene to the Late Plio-
cene, the tine when Axelrod assumes thqﬂrscrt vegetation
had achieved approximately its present composition, Doubts
about surh a reeent evolution of the de=ert have arisen in
the minds of tho~c biogecographers studying the strikingly
diverze, endemie Mexican xerophytes (ltzedowski, 1962), but
no scrious challenze to Axelrod’s thesis of deserts in the
Pliocene has appeared. Pollen types associated with arid-
land plant comnmunities can be traced to the late Mioeene
(Martin and Gray, 1962).

Regarding the wigrations that led to the dcxclopmcnt of
the present Lintie communities in the Southwest it is clear
that the late-Tertiary record shows a contraction of humid
forest. (the “Arcto-Tertiury Geoflora”) and the expansion
of more xeric communities (“Madro-Tertiary Geoflora”)
moving north from Mexico. But in historical reconstruction
it 18 logically necessary to place last things first, i.c. to sce
if present patterns of distribution ean be satisfactorily ex-
plained in terms of the most recent elimatic events before
turning to the eifect of older changes. Belief that the present
biota of the Southwest attained, and has retained, its
present geographic distribution sinee the end of the Pliocene
was based on certain biogecographic inference now largely
invalidated by the Pleistocene fassil record.

To be more specifie, the fo=sil pollen record of Wisconsin-
age pince parkland with spruce south of the Colorado Pla-
teau means sufiicient downward displacement of plant com-
mupities to allow several invasions of “Arcto-Tertiary
Geofloras” into the desert mountains dduring the Pleistocene.
For example, the extraordinary occurrence of lungless sala-
manders (Aneides hardyi) in the Sacramento Mountains,
New Mexico, has been interpreted as the result of late-
Tertiary expansion of their favored habitat—mixed conifer
forest with Douglas fir (Pscudotsuga)—spreading south-
ward through the Rockies froin the Pacifiec Northwest where
relatives of these salamanders live now (Lowe, 1930). On
paleobotanical grounds Lowe severed the conneetion in the
Pliocenc. The Pleistoeene fossil record by no means dis-
proves Yowe's interpretation, but, as Murray (1057)
pointed out, disperzal of Aneides through the Rocky Moun-
taing likely occurred severul times since the Tertiary, and it
is certainty concetvable that final isolation of Ancides in the
Sacramento Mountains did not occur until the beginning
of the postglacial,

OAKS, WHIP-TAILED LIZANDS, AND CREOSOTE BUSH

Some uncertainty lingers regarding Tertiary versus Pleisto-
eeno contacts in widely separated species pairs not closely
related, such as the frogs Kana boylei aud R. tarahumare
{Zweifel, 1933) and the fringe-toed lizards Uma erul and
U. scoparia (Norris, 1938). But in the case of closely related
gpecics most taxononistz have come to view the last =tage of
interconnection between disjunct populations as probably
Late Pleistocene, or oven postglacial. Tn the ease of the
eveuing prissrose Clarkia rhomboidea, Mosquin (1964) pos-
tulates & more or less continnons Wiseonsin-age distribution
through the Great Basxin, a region it encireles but largely
avoidys at prexent, Double Pleistocene fuvasions ending in

PHYTOGEOGRAIIIY AND PALYNOLOGY

sympathy in southern California is the case in paired species
within the salamander genera Ensatina and Batrachoseps,
frogs of the genus Rana, and lizards of the genus Eumeces
(sce Peabody and Savage, 1958, p. 182). The lizard Uma
most likely found that the Mohave and Great Basin Deserts
were uninhabitable during glacial time. Its present range
is thonght to represent the outcome of a postriacial inva-
sion {Norris, 195%). Findley and Jones (1962 bLelieve that
during the Wisconsin pluvial the long-tailed and montune
voles (Micratus longicaudus and M. montanus) were wide-
spread. During postglacial times they found their preferred
habitats—cool, mesic grass-sedge meadows and woadsz’ edaes
near coniferous forest—in the highest and wettest moun-
tains of Arizona and New Mexico. Invasion from the north
at a time when the climate was cool and dry ean be docu-
mented by the fossil record of the sage vole (Lagurus) and
other mamials in Isleta caves of New Mexico (Harrix and
Findley, 1964). As a final case among many, hybridization
between the whip-tailed lizards, Cnemidophorus tigris gre-
cilis and C. t. marmoratus, alimost surely represents post-
glacinl contact along the Arizona-New Mexico boundary.
The two populations were widely separated during the full-
glacial. 1t is possible that the hybrids developed only ‘sinee
the arroyo cutling, overgrazing, and climatic change of the
1ast 70 to SO ycars (Zweifel, 1962).

A group recently receiving carcful biogeographic and
ccologic attention is the western oaks (Quercus), repre-
sented by 14 species in Arizona and 16 in California. In a
determined effort at resolving some of the taxonomic chaos
Tucker (1961, 1963) has been studying various populations
included within the undulata complex. The main contributor
is Quercus gambelii, the most mesic of the Arizona-New
Mexico oaks and one of relatively few deciduous species in
the Southwest. It hybridizes occastonally with Quercus
arizonica. Because of the dependence of Quercus arizonica
on swmmer rains, it is likely that it and gambelii were not
in coutact in the Southwest during the Late Pleistocene and
that the small nmnber of hybrids known at present are
strictly a postglacial development. In the caze of the more
numerous hybrids between Quercus turbinella (scrub oak)
and Q. gambelii there is a remarkable extension of hybrid
populations north to the Wasatch Range of Utah, where
turbinella itself is absent (Cottam ¢t al., 1959; Tucker ¢t ol
1961).

A similar pattern among shrubs of the Rosaceac ix re-
ported by Stutz and Thomas (1964). Intergeneric hybrids
of Cowania (cliff rose) and Purshia occur north of the region
where the parent populations are sympatric. Cowania-hke
characters ean be found in Purshia 300 km north of its
present limit. In the case of both the serub onk and the
¢liff rose it is possible that the missing parent recently
ranged much farther north, perhaps in the Altithermal. On
the other hand, Stutz and Thomas suggest that natural
gelection alone might allow Cowania genes to move north-
ward by stepwise backerossing. Whatever the explanation
for the origin of the hybrids, it appears that their pattern
of distribution is no older than the postglaeial,

Admittedly, in the absenee of direet fossit evidenee the
conelusion that Southwestern plants and animals were on
the move during the Wisconsin and carlier in the Pleistocene
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tells us nothing about specics age. Leaves of both Quercus
gambelii and its near reluative Q. margaretta contributed. to
the rich Farly Vleistocenc fossil record of Rita Blanca Luake
in west Texas, presently an oakless region (Kirkland and
Anderson, 1963). In the case of Quercus ajohensis, a specics
almost surely left as a postgiacial relict after Wisconsin
pluvial invasion of chaparral into the Sonoran Desert, los-
sil lcaves show that its ancestors lived at much higher lati-
tudes in central Washington in the Lower Pliocene (Tucker
and Muller, 1956). :

Finally, although it secems to us that the Pleistocene and
in particular the full-glacial and postglacial climates of the
last 20,000 years will aceount for a great deal of what one
sces in the present distribution patterns of plants and ani-
mals throughout the Southwest, certain paradoxes in dis-
tribution as vet defy satisfactory explanation. An inescapa-
hle examiple is the fact that the most abundant of Southwest-
ern desert shirubs, the ereosote bush (Larrea tridenlata), as
well as Koeberlinia spinosa, Celtis tala, and other distinctive
aridland plants of the Southwest, also occurs in the descrts of
South America (see Johnston, 1940; Axelrod, 1950; Garcia
et al., 1960). The zoologist may find some comfort and a
valuable cluc in the fact that only xcric plants display this
challenging gap in their ranges. “Of the hundreds of species
of insccts atzociated with Larrea in the two hemispheres,
not onc is shiown to have a range similar to that of Larrea”
(Raven, 1963, p. 163). It is unlikely that the amphitropical
relationzhips in Amnerican desert floras entail Late Pleisto-
cene dispersal.

PLANTS AND ANIMALS IN PREHISTORIC RIFUSE

We have cmphasized that there is little evidence of major
climatic chanze in the postglacial pollen record of the
Southwest. Regarding the non-cultivated-plant record from
tho oldest occupied prehistoric caves of the Southwest, 70
specics identificd from Danger Cave, Utah (Jennings, 1957,
p. 228), 15 species from Ventana Cave, Arizona (Haury,
1950, p. 163-169), and 44 species from Bat Cave, New
Mexico (Smith, 1950), all arc to be found today within a
day's walking distance of the ancient middens. In the case
of vertebrates the pattern is similar. From beds lying above
the 11,000-vear-old voleanic debris in Ventana Cave, Allen
(in Haury, 1950, p. 151) examined over 300 pounds of
relected mammal bones. Of the speeies present, only the
prairie dog (Cynomys) might not have lived near the cave
in prehistorie times. Among 13 species of birds, Ioward (in
Haury, 1950, p. 152) found nothing more extraordinary
than brown pelican, possibly brought from the Gulf of
California. Bevoud some sugzestion of a »size increase in
Ncotoma albiyula and Peromuscus maniculatus, 7,300 identi-
ficd bones fromm Wupatki, Arizona, revealed little change
between the fauna of SO0 vears ago and that of the present,

- {Lineoln, 1%2). Over 3,000 ilenlified bones from prehistoric

sites at Point of Pines, Arizona, were maiuly deer and an-
telopo (Stein, 1963), ns were bones from the Awatovi site,
Arizona (Lawrenee, 1951). In cach case, nll the ecologieally
sensdtive small manunals could have cotne from the inmedi-
afa vicinity, and na range changes were noted. Minor exeep-
tions are the Pueblu-age middens in northern New Mexico
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that Harris (1963) believes show range changes of less than
20 km among the cottontails and long-tailed vole.

In reviewing the results of analysis of bird bones froin
a number of Indian middens, mainly of posiglacial age,
Miller (1963) reported only one extinet speeies, the vulture
Coragyps occidentalis, and one major range extension, that
of the California condor. The ichthyologist may fare better
with archacofaunal material. Miller (1955) reported the
recently described hump-backed chub Gila cypha from
Catclaw Cave along the Colorado River, and Cichlbach and
Miller (1961) found Lepisostcus and Cycleptus in northern
New Mexico, in cach case from stream recaches where these
speeies are unrecorded within historie times.

A record of biological conservatisin appears the main con-
clusion to be drawn from the postglacial middens examined.
Altithermal drought, if it occurred, Ieft no obvious macro-
fossil cvidence. Somewhat drier conditions after the Los
Pinos-Sambrito phazes of the Jueblo Period (a.p. 1-700)
are suggested in northern New Mexico (ITarris, 1063). Dut
if the middens are generally undistinguished for the verte-
brates they contain, they are intriguing for what they do
not. No trace of the large extinct Pleistocene mammals and

" tortoises has been reliably reported from Southwestern

prehistoric sites of the last 6,000 years and none was found
in Danger Cave, carbon-dated at over 10,000 n.r. (Jennings,
1057, p. 93).

THE ECOLOGY OF LATE PLEISTOCENE EXTINCTION

The use of radiocarbon dating has established that the dis-
tinctive large mamumals of the Pleistocene in North Ameriea,
such as native horscs, camels, sloths, elephants, glyptadarts,
certain species of peceary, antelope, and bison, dizappeared
together over 8,000 years ago. In dry caves of the arid
Southwest, soft parts such as hair and hide of extinet sloths
(Nothrotherium) may endure at least 10,000 years (Simous
and Alexander, 1964), while sloth dung of similar vintage
from Rampart Cave, Arizona, still smells like barnyard
manure. In New Mexico unusual polished rocks, cvidently
opalized by silica from the backs of large mammals that
rubbed again=t them in prehistoric time, are found at the
foot of desert mountains (Lang, 1047).

The cfficet on desert shrubs of large herds of mammals
with highly varied forage adaptations is a subject scldom
explored in the palecobotanical literature. Alihough he over-
looked the Pleistocene fauna, Ellison (1960, p. 63) felt
that ““. . . the fact that, under the apparent handicap of
millennia of grazing, most of the dominant speeies of the
world’s herblands are palatable plants, not only tu bufialo
and clk but to domestic livestoek, is very impressive in-
deed.” Ellison suggested an ecosystem in which plants
would benefit by grazing, the implication being  that
through simple chemical adaptations all native range plants
could readily evolve poisonous properties hke the famous
locoweed (Astragalus nothoxys and related species) and
theoretically might achieve a high degree of protection
against large herbivores,

In the Southwestern deserls the large number of either
thorny or rexinous shrubs rich in terpenes and other aro-
matic oils suggests a long history of plant-animal adaptation
i which effective defenses against unlimited over-browsing
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wero evol\nl' Wlulr cml\' ulmut 5505 of the birowse plants
in. ‘patigoal farcst raiges’ passess very cmisilerable fongo
valﬁo to' existing ‘animals (Dayton, 1031, p. 3), it is also
nateworthy that only absut 3.2% are known to he poison-
ous. The fact that range shmiw typically evolved repellant
rather than lethal mechanims to prevent over-browsing
would scain to support Ellison's inferenee that some benefit
was derived by being consumed. Whatever the nature of
the equilibrimn evolved during the Tate Cenozoic hetween
plantz and I3rge herbivores, it was suddenly upset carly
in postglacial time with the extinction of a majority of
the mative lurge mammals of the Southwest, amd upset
again after about 8,000 years by the introduetion of range
catlle, horzes and burroz, and sheep aml goats, Why the
large native mpnmals dizappeared when they did remains
one of the major unsolved problems in the study of the
Pleitocene. . . .

In a review of Plcx~lm-ono Blography, Martin (1958) con-
cluded that the Late Vleistocene environment must have
had zome unique attributes to account for the unique
ccological pattern of Tate Pleistocene cxtinction. Only
large or relatively larze herbivores plus their associated
predators, ecavengers, and parasites are involved. In the
Southwest, extinetion of a dozen native genera oecurred
within about 2,000 vears, soon after man arrived in the
New World, at a time when the elimate and ecology of the
region was much like it is at present. Native plants, in-
vertebrates, aquatic vertebrates, small terrestrial verte-
brates (exeept associated specics such as cowbirds and
vampire bats), were unaffected (Martin, 1938). None of
I.heso,obscr\';nions is new, and the suggestion that man's
arrival in the New World trigeered big-game extinetion
has been previonsly malde by ecertain paleontologists with-
out capturing the endorsement of very many archacologists,
One reason is that some rather large problems remain to
bo solved, or at least explained away, such as the minimum
number of hunters and the rate of predation necessary to
lead to the extinction of any single speeies, the fact that
mther few associations” of man with certain manuals such
as mastadon are kuown, and the fact that big gune en-
dured in Africa lirgely intaet despite man's long history of
ovolution cn that continent.

Current studies on the Pleistacene of the Sonthwest have
added to Lut not hasicully chinged onr knowledge of the
extinction pattern. Holiman (1112) notes that herpetologi-
cal evidence consistently indieates that fewer amphibians
and reptiles becume extinet doring the Pleistocenc than
birds and mannal=. The relatively large oxtinet element
among birds
scavengers such as Teratornis and to extinetion of flightless
specics such as Chendytes of the Culifornia coast. Hester
{1960) thoroughly reviewed the earbon-dated records of
all.specics of extinct mammals, detailing the evidenee that
most, of them disappeared suddenly between about 11,000
and 8,000 years ago. _

Confiniug his aualysis to carcfully exeavated, earbon-
dated arclircological sitex, laynes (1964)  shows that
maunmoth extinction cevidently oceurred in the Rocky
Mountains and High Pliins alumt 11100 years ago, some-
what carlicr than Martin (1958) and Iester (1060) in-

can be attributed partly to a reduction of

.

fauna eontainsg Greochelone of wmoderiate  size
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dicated and soon after the deglaciation of & mid-Canadian
corridor, which 1laynes believes was the citry route of
Early Man, Folsoin bison hunters, whe replaced Clovis
manunotlt hunters 10,500 years apo, were limited to the
western plains, while pre-Folsom big-game hunters enjoyed
a rclatively homogencous eulture and ranged from coast
to ¢onst (Maxon, 1962). Other cultural atiributes are le=s
casy to infer from the record of the artifacts, but Wendorf
and Hester (1962, p. 168) note that the butehering tech-
niques of the Paleo-hunters were eruder than-those of his-
torie amdl prehistoric hunters in the Plains, who utilized
Bixon bixon more thoroughly. Woodbury (1963, p. 57) in-
fers a consideralide degree of cooperative cflort amonsz the
hiunters, with hunting concentruted  at waterholes and
streams,

Crucial to the elaim that elimate had little to do with
extinetion. is cvidenee. that DPleistocene herbivores oceupiced
major plant communitics such as are found in the South-
west taday. The pollen record associated with extinct
nmammals at Tole Springs (Mehringer, in press) and at
the Lehner site, Naco, and Ventana Cave (Fig. 6) points
to such a conclusion. In the ease of the Shasta ground
sloth Nothrotherium, the paleobotanical evidence is, deci-
sive. Both pollen and macroscopic plant material found
in its dung show that 10,000 to 11,000 vears ago at Ram-
part Cave, Arizonn, in Gypsum Cave, Nevada, and at
Aden Crater, New Mexico, sloths were brow:inz on many
of the desert shrubs dominant in the Southwest at present
(Martin et al, 1961; Aden Crater sloth dute in Simons
and Alexander, 1964).

A more ambiguous cusc is that of the large tortoises (Ge-
ochiclune and large extinet species of Gopherus); extinetion
apparently occurred before disappearance of the clephants,
harses, and sloths, In reviews of tortoise palecoccology,
Hibbard (1960) and Drattstrom (1961) counclude that
intolerance of freezing temperatures and inability to bur-
row led to tortoise extinetion at the end of the Sanzanion,
a time when Tibbard (1960) believes the climate beeame
especially severe, Geochelone (formerly ineluded with the
Old World genns Testudo) survived only in South Amer-
ica, including the Galapagos Islands. If the full-glacial is
considered, 1libbard's uncouventional paleaclimatic inter-
pretation that the Wiscousin was more extreme  than
carlier zlacials i= entirely in accord with the Southwestern
Pleistocence pollen record. Iis suggestion that larze tortases
can he w=ed as ddieators of frostless elitiates has been
widely adopted, for example by Slaughter et al. (1962),
Waod (1962}, and Holnan (1062},

Yet the eaxe of the large tortoises provokes some uusct-
thng  question=, If freezing tewmperatutes are craeial
large-tartoize extinetion, must we asstue that no frost-
free habitats were available in Mexico, Central Ameriea,
and the West Tudies to harbor tortoises during the heiglt
of Wisconsin gl.)ci.ntion" Amil is Geocliclone wnknown in
the Southwest in the Wisconsin? The Clear Creek loeal
{Holman,
1963). While Staughter aud Ritehie (1963) correlate the
Clear Creek faunas with the Sangamon, they report a
radiocarbon date of 28,840 2 4,740 wr. on shells in the
Clear Creek deposits, much too young to e Sangawon as
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commonly understomd by mast Pleistocene geologists, Anf-
fonherng (1962) allwles to other Wisconsin records of
Geochelone, and Hibbard amd Tavlor (1060) mention small
Geochelone from Friesenficim Cave, Texas, a Late Pleis-
tocene (Wiscon-in) fauna, Slanghter (nanu-eript) hists this
speeies (Geochelone arilsong) from late-glacial faunas at
Blackwater Draw and Domebo, Okluhoma. While there
secmz little doubit that G wilsond disappeared afong with the
large mamnils at the end of the Wisconsin, the extinetion
of the larger tortoises may have accurred earlier,

Finally, is the claim of Geochelone and large Terrapene
in association with prehistoric iearths at the Lewisville site
{Crook and Harris, 1957, 1962) without substance? Ad-
mittedly, the radioearbon dates at Lewisville of over 37,600
years are hanl to sqnare with lack of sturdy documenta-
tion for man in the New World clsewhere at this time.
And most students of -prehistory find the report of a
Clovis point as=sociated with the Lewisville artifacts ton
much of a good thing. Perhaps the controversy raging over
the Lewisville site will spur efforts to establish—or dis-
count—tlie provocative interpretations of Crook and Har-
ris,

In brief, the stratigraphic evidence from both caves and
alluvial depesits in Texas establishes Jarge-tortoise extine-
tion after the end of the Sangamon 70,000 years aco.
Whether the event is related to the first arrival of man
in the New World, to unusual thermal stress during the
Wiscousin full-glucial, or to other yet unidentified causes
will require refined geochronological and paleoceological
evidence. Hopefully, palcontologists excavating Pleistocene
tortuises will not overlook the posxibility that dirt adher-
jug to the bones may contain crucial pollen evidenee re-
garding vegetation and climate of the time.

Similar evidence obtained from pollen in matrix con-
taining mammoth, tapir, and sloth bones shows that some
highly unwarranted assumptions have Leen made regard-
ing their paleoclimatic meaning. Despite claims to the
coutrary, their extinction ecannot be laid to dronght (Mar-
tin, 10633, p. 64-65). Some conscrvative ccological assump-
tions may be reasonable—a shift from browsing mastodon
to grazing mammoth appears to accompany desiceation
of the Monahans Dunes area (Green, 1961, p. 44), aud the
fossil record at the foot of the Rocky Mountains suggests
the presence of camels on upland ranges while mammoth
were grazing the floodplains (1Tunt, 1954, p. 119). Different
speeies of large herbivores undoubtadly occupied different
ccological niches on the prehistoric runge. But in view of
the failure to explain satisfactorily large-mammal extine-
tion as a function of climatic change, similar theories ap-
plicd to the extinction of large tortvises must be viewed
with suspicion. Archacological sites show that extinetion
closely followed man's arrival in the New World. While
the casc is by no means closed, this circumstance, in our
view, best accounts for the Late Pleistocene "age of over-
kill,”
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Busstany

Pleistocene pollen analysis in the American Southwest was first alfempted in the 1930's.
Rapid growth of the ficll in the present decade hus expasad important ayd occasionally
provocative cvidence regarding climates of the Pleistocene in arid Awmecriea. While much
remining to be learned about the limitations of pollen analysis, the presence of alundant
fossil pollen and #pores in a variety of sediments, inclulding playa lake mud, alluvium, ecave
carth, archacological trash, and prehistoric coprolite, ensures increusing uke of the mcthad
in future palcoccological investigation.

From the pollen content of drill cores it appears that prior to - Wisconsin glaciation
climatic chianges corresponding to the advance and retreat of continental gluciers are nnt
casily recognized. Present difliculties may be overcome as our knowledsge wiows, but the
pollen-stratigraphic record of the longest and most thocoughly studied drill core examined 10
date, that of Clishy and Scars from the San Augusitin Plains, is not czsily correlated cli-
watically with multiple glaciation.

The difficultics with climatic correlation do not extend into the Wisconsin, where there is
a carbon-daled maximum in biotic-zonc depression of 900-1,200 m about 20,000 ycurs auo
that corresponds to the maximum in Wisconsin icc advance rccognized in the castern Unitud
States. Furthenmore, the Rich Lake Interpluvial in the Llinn Estacado of Texas appears to
correspond with the Plum Point Interstadial of the eastern United States. Larlier stadial-
interstadial climatic fiuctuations can be recognizedd in the pollea record of Wisconsin-ase
drill cores. The earbon-dated full-glacial pollen records supgest a vegetation pattern con-
siderably altered from that of the present and one that must have finpused many changes
in plant and animal distributions.

A change to warm-dry postglacial climates appenrs (o have occurred rather vapidiy
aronnd 12,000 p.r. Except perhaps in the High Plains of Texas, the shift from full-glacial to

» posiglacial climates is not clearly murked by late-glacial fluctuations, and no Valders or
Younger-Dryas-aze return of pluviul climates is evident. Postglucial alluviuim of the desert
gras¢land shows sharp changes in composite and chenn-am proportions, chanzes lLikely to be
related to episodes of arrovo cutting and filling. In juniper-piion arcas of northern Arizona
and New Mexico fluctuations in the tree-pollen record suclude a major rise in tree pollen
coincident with or following abandonment of many Southwestern villages 706-500 yenrs ago.

LEvidence for an Altithermal drought, which is supporteidl by reduction in trce-pollen counts
in profiles from the Great Basin, the Central Rockics, and the Pacific Northwest, is not
cevident in southern Arizona and New Mexico, where mud-postglacial spectra may coniain
more rather than less tree pollen. The widely hickl coneept of Altithermal drought in the
Southwest is theoretically questionahle, nnd some of the Altithermal phenomena, such as
intenge arroyo cutting and calichification, may reflect an intensificd summer monsoon.

While pre-Pleistocene climatic ehange is widely recognized as responsible for the origin of
arid-land plants, somec of which can he traced to the Late Mioeene, it now xsccms likely that
many, perhaps all, Southwestern plants and auimals were on the move in the Pleistaccnc.
Certainly climatic change in the Wisconsin glacial period must have transformed the ranue
of many species. Broken distributions in the range of boreal or Cordilleran plant aned
animal populations can he altributed to full-glacial invasion from the north ending 14,000
years ago. The postglacial return of desert, grassland, and Mexican woodland conununities
taok place within the last 12,000 years, some species apparently “overshonting” to leave relict
oulposts or hybrid populations consilderably to the north of the main range of the epecics.

In the Southwest, as clsewhere in the New Worlil, the extinetion of clephants, native
horscs, camels, sloths, and other buge vertebrates is a major event of the Late Pleistocene.
Fvidently it oceurred al least 1,000 years after the change to warm, dry postglacial chimates,
Geucric extinction is not scen in the Late Dleistacene record of plants, invertebrates, or small
verichrates; these endured intaet. While doubt remaiug regardiug the aszociation of Farly Man
and certain of the extinet vertebrates, it appears that mest of the lanze herbivores were
lmted by Farly Man, whase culture was drastieally alteied by their disippesvanee and who
iy be held respansible for the Late Pleistocene “age of overkill,”



