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Pleistocene Ecology and Biogeography of = .
North Amerieat - -

PaoL S, !»n.:z
Geochronelogy Laborasories,
‘niversily of Aricena, Tuscon

Hv.inn the past i(»p years, the rolaled fiells of
Iieistocene chronology, biogeography, palynalogy, and prehistory
have experienced vigorous growth. This growth may be attsibur=d in
part to methods of isotope dating, fresh interest in periglacizt
geomorphology, the application of pollen stratigraphy to archaco-
izgical and chronological problems, and increased appreciation of
“ vertcbrate microfossils.” Students of animal ané piant distribution
fnd themselves increasingly committed vt archacological and
geological data. The information exchange is mutual anc ;xses a
challenge in interdisciplinary communication. For attempting i
unify Pleistcoene concepts within archaeological, bivtogica!, geniui
cal, and climatological specialities we are especiallv indsbted o
Braun (195%), Clark (1952), Deevey (1949, 1953, Flint (1057}
Frenze! and Troll (1952), and Moresu (1955). In North Amenca
Dillon's inapping of Pleistocene life zones (1956) has £iled sumething
of a vacuum in the area of biogrographic reconstructicn.

My present purpose is to identily some of the problems that
appear important in the terrestrial ecology and biogeography of
North Amenca during the late Pleistocene. This project follows the
logica! rinciple advocated by Deevey (1949) that stucdents of
plant ang animal distributions are obligated to consider the Pleisto-
cene before working backward. To do s¢ does not mear ignering o
neglecung she instructive record of Tertiary envirorment and ide.
The adut-ind roures, however, is baged on the belief that Pleistocenc
Glimi: < waege was net contned to the glacial twrder. Until
ciaved theswise, the mare useful working hygxilicels 6 that
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ceviont, From the wiceworint of the biojogist the forsmost eveais
recrestrial ecalogy of Neoath America during the Pleistocene .:%C:
. i invhede the foiiowing: 1) the climatic sequence proper with :is
atrendant displaceneat of biotic zones; (2) the amival of prehistoric
man; (3) the extinctioo of late Pleistocene vertebrates. To an un-
unknown degree these events appear interrelated. The first part of
my analysis is devoted to problems of dlimatic and environmental
;zu:n.. the mnno:a to 2::33 w..a the nmonn o~ man. K evw ; . ;
..S.m PLEISTOCENE mﬁawcz:mwf T . S
In view of m_n relatively voo.‘ pre-Wisconsin fossil and 3953 :
rary record, it-is expedient to concentrate on’the last ?Sunu.qu - AT B .i
e slacial sequerice. Enviroamental change  during the Wisconsia e ’ :
e _ m_unscg can vn considered subequal to z.un !w.or wgvnnsn the
FPOEE o , Kansan, llinoian) gia ‘This assumption
, w. &9»?5&5&&:?&2&35&888 . T
‘North‘America;; the four equivalent periods of ‘glacial temperature T
,wngﬁ.ga&,ﬁag?ﬁog n:»_v.mon of annmm.ww ninifers S e
“from the ‘e w»escn Ama_ﬁgm.i&& .and the apy
; Eg inungla
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nga ﬁzﬁ.g...._,a,sn aaﬁ& _a.an.ir g&m&,&
(1912,5p. :156) .aﬁm.n_vcu_ drift was formed by miasite’ mﬂx.!ﬂon
* ““and Hat thie cliniate of the Enugosug.%gnﬁ
% .,vgn.ga.so,& .uﬁﬁugagngg
. cene environment and life in: the region ‘where glacial geology pro-"
'yides ledst information, namely in the’ 88838 ‘and tropical zones
.8:9 of the m_&n wo&nn. Braun (1951 p. "145) felt that *'. . the

i &4 v?z

‘decidupus forest zone, although uwa.oazwu  maintained itself j\m&a
' Appalachian Plateaus in southern Ohio and Nnnncnxw irmo %»D&u
%% extenidéd southward in;Obio."” Thomas'(195L; p: 166) followed stii
*“The ‘distribution nna »rn ecology of nwwuw. Ohio animals, 1 cn:nen. .
k ‘raises strong nﬁ&uug that they S..Sﬁn the Wisconsin, or
..Tu . ,.._;. “perhaps the entire Pleistocene, close to ‘the glacial border; some

P .. epecies in refugia within the limits of glaciated territory.” Plants in
g - question incdlude buckeye (Aescudus o&e&:& aweet gum (Ligus- -
“dambar), Lmﬁ« and Magnalia. Anisnals with asn:occosu that aiso St
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PLEISTOCENE ECOLOGY AND BIOGEOGRAPHY 377

paralle! the Wisconsin drift border in Ohio include the fence lizard
(Sceloporus undulatus), copperhead (Agkistrodon comtoririx), and
upland chorus frog (Pseudacrss brachyphona). To date there is no
sound paleontological support for the vanFSn_ ice margin popula-
tions of temperate biotas.

On' the contrary, evidence of Pleistocene spruce in southern
Louisiana and spruce and fir pollen in northern Florida and eastern
Texas seems impeccable (cf. Deevey, 1949; Braun, 1955). The
interpretation of the evidence, however, is not immediately shown.
Does it prove the existence of boreal forest at this latitude? Or does
it reflect an azonal mixture of temperate and boreal floras through-
out the unglaciated east as Braun (1955) and Drury (1956} main-
tained? Presently spruce grows near sea level in Coanecticut and
southern Michigan, 400 to SO0 miles beyond the southern limit of
spruce-fir-jack pinc boreal forest. The Florida and Texas records of
boreal elements may also represent marginal populations of species
whose pasition of dominance lay farther north. We need not insisi
that fossil spruce meant boreal {orest in Texas =nd Louisiana. bt it
may well represent population outliers of boreal {oresi cccipying
Kentucky and the Carolinas.

An area of intcase frost action extending 50 to 100 roiiex swutk
cf the ice sheet is generally accepted by geologist (Fiini. (3537,
at least for eastein North America. Denny's studies (1953, i85} 37
periglacial land forms in unglaciated Pennsylvania are relatively

. oconservative, Peltier's (1949) more sweeping in their paleocliineatic

conclusions. Quite recently a series of herb-dominated poller zones
have been rcported {rom inorganic sedizaents in easterm North
Anerica (Andersen, 1954; Davis, 1957; Deevey, 1951; lLeopold,
$956; Livingstone and Livingsione, 1958; Martin 1958a). I consider
these findings as paiynological confirmation of Full- and Late-glacial
tundra zones.

At this point it may be helpfu! to insert & definition. Within the
scpe of the term tundra 1 would include the followmg: (1) treeleds
vegetation in the Arctic; (2) treeless Alpine zines o temperate and
vopical mountains; (3 polien zoiies in Plelsrevvne rediments featur-

wig high pereentages of hesh pollen plus 2 smas! amount of spruce

2l i prher boreal trie pollen,
SrC A2 no question 65 mn.: tic nicntity Lotvroan these coeamun:-
..n,,”. Ay an exunple. Andresio, zn dumair in Uie azie-glacial poilen
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378 P. S. MARTIN

zones of New England and Michigen, is not found in the Arctic.
Both Ambrosia and Ephedra, another steppe species in the Late-
glacial of Europe and America, present the problem of how we might
distinguish coo! prairie from tundra in a pollen diagram. Today these
vegetation types are separated by a belt of woodland and forest.
Is it possible that they were in contact during the glacial periods?

Perhaps the periglacial landscape was not entirely trecless. If
scattered spruce, larch, or jack pine grew near the ice margin, they
would have formed a taiga or boreal savanna. Presently the taiga
lien between boreal forest and treeless tundra (Rousseau, 1952; Hare,
1934). Occasionally pieces of contferous wood are found in glacial
drift (Flint, 1957, p. 323). Rather than indicating that forest was
overridden by ioce, they may mean that the glacier swept through a
taiga type woodland, a more plausible ice-margin environment. The
relatively well-known and widely discussed Two Creeks “forest”
bed, silted and covered by Valders ice (Wilson, 1932, 1936) is not an
exception. In stump diameter, taper, and growth rate the Two
Creekn trees resemble spruce woodland in central Ungava (see
Hustich, 1954, for comparative data). In brief, fossii wood is not
proof of {orest!

We may expect that Fullglacial tundra, boreal forest, and
docxduous farest formations were not identical in species composition
or ¢ven in vegetational structure with their present bioclimatic
analogues. Nevertheless, if there is an adaptive relationship between
vegetation and climatic zones, it seems unreasonable to postulate an
azonal system during the glacial period, &8s Drury has dcne (1956,
pp. 80-90). The model proposed by Dansereau (1957), with nar-
rowed tundra bordering the ice at one point and maple or cak forest
st others, also does not agree with either the concept of bioclimatic
gradients or with Late-glacia! pollen diagrams. In general the suc-
cession of pollen zones, tundra — boreal forest — deciducus forest
in New Entgland and boreal forest —» mixed deciduous forest — oak-
pine foresi in North Carolina (Frey, 1953)' shows, [ believe, the,

——————

t My Interixetaticn of boreal foresr in North Carcline is based on Frey's poflen a00e
am mmﬂ.n-?). Lakr and jones Lake J-1. Thie revesls domioasce of pice, (ncluding
rzany sma! graine with ap to 9% spruce, 7% sk, hwnwm:.. and 1% hackoey. In fair-
ot ot - AP T i R oyl i WL Wy A S
@ gy of elimatic cha he does not advence the hypothesis of Boreal Forent in the
STarviirua The casm 1 would meie for Boresd Fancat rests chiefly on the smali but crudat
o oresage of H:.H and the soarciy or ebeenee of brosd -leaved opediea.

A wthey atutharity on this regioa, 12, R Vhitebe2d pereonal correspondence) takes
A Ty e PN to wich 3 inwrpertatics of Frey's werk, noting: (1) Sice4drequeacy
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historical integrity of generalized vegetation zones. On this convic-
tion 1 have attempted to map late Pleistocene vegetation zones in

" two periods (Figs. 2 and 3). They are based on pollen stratigraphy,

periglacial geomorphology and.scattered plant and animal fossil
records. Presumably, such a map will be of more value to the bio-
geographer than one based largely on biogeographic evidence that

leads to a circular argument. If boreal forest replaced temperate .

deciduous forest in the Cumberiand Plateau and southem Appala-
chians, it scems preferable to attempt to establish this fact in terms
of pollen analysis, buried soils, and other fossil evidence.

- Modern Vegetation Zones (Fig. 1)

Dansereau (1951) has stressed the importance of structure to the
geographer and general ecologist, a viewpoint that I believe to be
profitable also in paleoecology. Reconstruction of forest community
composition from pollen data is beset with difficulties, for example in
evaluating relative pollen rain among different wind-pollinated
species and correcting for undesrepresentation of insect-pollinated
plante. However, it seems possible to determine =tructure of the
simplest type, to distinguish forest, savanna, and grassland biochores
and, within the first, coniferous and deciduous formations (for
definitions of these and other vegetational concepts, see Dansereau,
1957). The eix major vegetation zones or formations in eastern Noeth
America include: (1) treeless tundra; (2) boreal woodland or taiga,
a savanna formation of needle-leaved trees scattered in a shrub and
lichen mat; (3) boreal forest with a continuous canopy domiiated
by needle-leaved evergreens; (4) temperate forest dominated by
broad-leaved deciduous trees and shrubs; (5) temperate prairie and
savanna; (6) subtropical savanna of evergreen sclerophylls and tall
grasses. These six zones represeat arbitru i divisions of an adaptive
gradient controlled in general, if not alway= in detail, by climate. Is
it unreasonable to assume that this gradient maintained its struc-
tural features and sequence during the glacial periods?

features have not ings.&gwfnz%llﬂ which are, os
might be, expected in this area. Thus the allocation of grains o the bores! species
P. bankeniana is ture. (7} Zose M2 from Frey's core LS-2 contalos fairty bigh

of (about (8%} ard hickory (sbout 10%) as weil as some of

m_isu. Ny1sa, and otker temperate elenents. (3) The minsnce of pine might
be the romtt of “over<cprosatinon’’ of a species such &s 2. serelies, which srrounde
Loggy M i the southesst todey. In other words, hickory, an} asociated tem-
perate planty <oured st ates o9-ne distance from the bay iakes buz wes “swamped-
wit” by ths wwi-irown heavy min of pine polln.
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Fig. 1. Vegetation zones of esstern North Aievin. Srmali. imolased
mountain-top populations of boreal fase=t iz parts & the Ansaalschiauy
are not shown. The southeastern pine foresss ors sxsiderss oot ihe

deciduous forest formation in & bras:t seres. Taiga 2= wu;wd on ¥he
basis of its savannadike suctiee; foriziicsiiy it is noi very Zifere:

from boreal forest. P = prziric,

S
Full-Glacial (Fig. 2).

* Of utmost impcrtan:e io the stiadent of asimal and piked distri-
butioas is the ~» et of Full-glacia! Eintic displacems=nt. Following
Flint we may date this period us ending roughly 17,000 yeurs ago.
In New Mexion the San Augustin Plains, 7,000 fect in elevation,
were occupied by forest with a spruce pollen frequency of 209,
{Clisby and Sears, 1956). In Postglacial time the spruce has dis-
appeared and non-arboreal species have become more important.

In eastern North America there are only two radiocarben-dated
pollen diagrams that may represent pollen sedimentation of the
Full-glacial period. From & piedmont marsh in unglaciated Pennsvl-
vania the pezl e acn-arbureal pollea lies 80 cm Lejow g radiocaybos
date of 13,50¢ I3. P. (Martin, 1958a). Apparently the formation of
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Frrpayhvena peedmont swale roamhies D) orise beyond the ion
menzin dates hom die Fab-glaciad porlad 200 oolmades with 8
Caudia-taga vegeiition of promes, eviges nither noen-arborexd
peoies, and scatiercd spruce and ack [rie.

A lnager late Uleistocene polivn wequerce, jerhaps extending
nark uito the middle Pleistocenc, has boen found in the Camiina Bay
lakes (Frey, 1951, 1953, 1953). Passibly rebesiéing and truncation
bave occurred (Wells and Boyee, 1953, Frey. 1483;. If the upper 10
fect of Frey's sequence s contuwtuocus, his gones Mi, M2, and M3
shouki correspond to the Full-giacial pericd. In these pollen zoaes
wvak and other deciduous trees 2re scarce or absent; pine predomi-
natex with a high frequency of small sized grains suggesting Pinus
banksiana. There is 2 low but constant irequency of spruce. In terms
of suwructure, the M zones indicate boreal, ncedle-leaved forest, with
dominance of jack pine attributable to its well-known prefercrice
for sandy situations. -

The local records of spruce pollen in Texas, Florida, and Louisizna
are undated and, except for Potzger and Tharp's work (1947, 1954),
unaccompanted by detgiled stratigraphic study. If maximum dis-
placement is represented, the difference between Full-glacial and
present southern limits of marginal spruce populations would scem
to be the same as the corresponding past and present southern limits
of the boreal forest formation, that is, 800 miles.

Some type of mixed deciduous forest occupied the extreme south,
with subtropical vegetation largely driven from Florida. Further
discussion of Florida awaits expansion of the pollen studies begun
by Wilson (Davis, 1946).

Certain periglacial land forms including boulder fields, colluvial
s0il mantles, and various types of patterned ground constitute rea-
soaably secure evidence of climatic change. Others, such as loess,
are apparently less reliable indicators of ice-margin conditions
(Hack, 1953; Dylik, 1954). Uncritical identification of all **peri-
glacial” features with a Full- or Late-glacial tundra climate is to be
avoided. A few of these features can form at midlatitudes today.
Yehle (1954) described 20il tongues similar to periglacial frost cracks
sppearing in calcarsous soils under the present climate. Gocdlett
(1954) reperted pattemed ground in miniature appearing on bsare
earth m central Pennsytvania. Recent colluvial creep and earthfiows
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to the unglaciated Appalachian Plategus “. .. appear to be most
common in pestures, but field and woodland areas are not entirely
free from such movements’ (Sharpe and Dosch, 1942).

Wolfe’s description (1953) of frost-thaw basins and related peri-
glacia! features in unglaciated New Jersey has been subjected to
certain criticism. Yehle (1954) questioned the authenticity of the
alleged frost cracks. Rasmussen (1953) and Deevey (1957) noted
that besins of rather similar appearance occur in the Carolinas and
coastal Texas, beyond the limit of possible periglacial frost action.
However, the involutions and ventifacts which Wolfe described
would appear to remain sound evidence of a perigiacial tundra
climate.

Farther south, in the latitude of Washington, D.C., Hack Qommv
and Nikiforoff QOmuv found little geomorphological indication of a

“ periglacial climate,’ beyond stabilized dunes and a soil hardpan of
uncertain origin. For this reason, :Bﬁ included this area within
the Boreal Forest (Fig. 3).

In the Appalachians the block fields or stone streams (Fiins. Cm3
and glades indluding '‘bear wallows'’ may mark the lower limit of
Full-glacial alpine timdra (Braun, 1955; Martin, 1938a). Cranberry
Glades in West Virginia at 2,350 {eet (Darlingtoo, 1943) is perhap=
the best known of the anomalous giade bogs; Core (1949) discussed
others. In the Smoky Mountains inactive block fields covered with
mosses and ferns and occasional yellow birch trees exteed down to
at least ¢,500 feet. Braun {1955, p. 361) believed that they indicate a
vertical tree line depression cof 2,000 fect. it seems the present
regional tree line does not lic at the top of the peaks as Braun im-
plies. Spruce and fir grow as forest at 6,500 feet, the top of the
Smokies (Whittaleer, »om@ T would allow 2n additional 2,000 feet
for subalpine taiga and ‘“‘krumholtz’ ani locate the theoretica!
present sipine zone et §,500 feet. This wouid bring the relative
depression of the Alpine Zone in esstern INorth Americz into line
with that obeerved at the same latitude in the west, 4,000 to 4,500
{ewt (Antevs, nom.s In either case the dist-ihirtion of glade bogs and
ingciive black fiekils reveais that a Fulkglacisl tzelese sone extended
down intn the Creat Smoxies.

Tc the sath of the regioa of a ?u..&@rr, Lreices rOMe We ::&3
sxget briend organic sndls, foaslived *ofre 2&4 or OrgRoAS ter-
rain of the type that tynifies subsictic taigs and bormai invest {(Drury,
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1956). Drury (pp. 86-87) believed that fossti peat and muck deposits
resembling those of Alaska are absent from the unglaciated east. It
would appear, however, that serious search for ancient boreal forest
landforms has not been made in the latitude formerly occupied by
this vegetation type (Fig. 2). The famous buried soil of Spartans-
burg, South Carolina (Cain, 1944), might possibly represent such a

. Fig. 2. Vegetation zoncs during the Full-glacial of the laie Wisconsin.

Tundra and taiga are mapped as a single zone with so attempt tc dis-
tinguish them. Shelf exposure following sea level depression permitted
some extension of vegetatior beyoad the present coast linc.

feature, lying at the southern margin of the Fullglacia! boreal forest.
In addition to some hickory and oax these scils contain high per-
centages of spruce, jack pine, and fir pollen.? SR

Vertchrate fossils may provide some independent mmport to the
exdstence of a narrew IFull-glazial tuadra zene. While uncritical ac-
eeptance of large mamnials a: dimatic mdicators is to be svoided,

1D, R VWidichsad Jermont sxmopondens) i prenatly npnw‘.l..ﬂ puilen freen these
noils anvd \5nke that they sec oo likely luterglecied ¢ ubglazial. He repovic
Undiag hne rooizm end 00 thae Cam (1544) cocouz ared. : :
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the fossil distribution of Ovibos (see map of Kitts, 1953) fits the Full-
glacial tundra zone fairly well. The barren ground caribou, Rasgifer
arciicus, is rcported from late Pleistocene deposits and its Full-
glacial range should be roughly similar to that of Oribos. Apparently
the Postgiacial distribution of these species has been so modified by
both prehistoric and modem man that their value as tundra indi-
cators is uncertain.

Rather than in eastern North America, the main Full-glacial
refugia for tundra mammals and birds (Rand, 1948) lay in ungla-
ciated Alaska. The tundra lemmings, Dicrostonyx and Lemmtus, hav=
not been found as fossils south of the ice sheet. The preseat range of
the Pecary Caribou, Rangifer arciicus pearys, in nortiess Cemenland
and Lllesmere Land dramatizes the ability of carilx=: i survive ot
high latitudes under existing glacial conditions. 1t iz Lesrely possibie
that cvclogic nourishment of the Laurentian ix: sheet in oonisal
Canada was accompanied by very low precipitation and auflicient
ablation to expose the northern part of Greenlard and the Acctic
Islan-is. Mercer (1956) indicates ice of uncertain depth, but evidendiy
not very thick, on Bafiin Island in the glacial perics. The e wence
that Barks Island was largely unglaciated (Manning, 1955; auds
support to the conceprt of local, restricted glaciai activity iz the
Arctic «luring the Full-giacial of the Wisconsin, and of n..::._. oty

The poverty of mammalian biotypes in the Hoviva of ol
eastern Canada compared with northwesters Canisia amed flnska iy
noteworthy. Tundra spzcies of the northwest include Sorex fung: =
sis, Cilellus wundulaius borryi. - Cluthrionomys rutilus, Aizeroiz:
oeconomicus, and M. vmicrus. These lack vicariants in eastees Canads
A faunal parallel to Hulten's Beringia refugium for the Arctic fiorz
scems OLViIoUs.

Late-Clactal (Fig. 3)

It is cabering to recsll that pollea evidenoe of 2 North Arperican
tundra dates back no {srther than Deevey's studv of Aroostock
Cauntv in rorthern Maine {1951, Since them, Livingstone and
Livingsrone {1538} have ~ afimma! [Deevoy's enitative secugmition
of an Aliercd type soonenoe ndd, by o rediocarbon date of bass)

ez raatenials hoeve oo vhet 10 s Indead contenporaes

G TUhme Penin orad .,
e UL LB DT TIOG i Fﬁcw\. w.h»

aobseguent bisiony of Coragaosl Loa s, esumelly moving

Jat, P oengrgs ra .
et the [aoewer Ddeyas,
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rapiily into central Canada during the Post-glacial peried, remains
a inystery.

Although they document changes in forest composition, Potzger
and Courtemanche's Quebec profiles (1$56) {ail to throw much light
an this problem. How was the glaciated portion of the Arctic re-

L2 il g

Fig. 3. Vegetation zones during the Vaiders readvance. Tundra and
taiga are not distinguished; the tundra may have been abwent west of the
Appatachians. Gillls Lake, Nova Scotla, withis the tundra-taiga zone a®
this ime {Lhvingatone and Liviagstone, 1528}, is not shown. Horisonta!
ruiing roarks Lake Agaesiz end the proglaciei Gireat Lakes. Fast of Michi-
gan the posirion of the Valders drift bordies iz uncertain. U = prairie.

populated’ Fot the preseni it may be wise to aveid the isene, noting
shimply that if Is unnecessary to assume « oirect continuity of tundra
foan mid-latitudes to high latitudes. If the last ice to stagnate and
me L was Ui Lawrentian steet, it may have ‘trapped”” the retreating
Lateeglanad tundra v southera Queles dupieg deglaciatico of
gotdiorn Ouehice, and peamitted tundrme nivats s invade north-
ez Corana from the gartly unglacizos? Orcd’s Archipelego.
e st Laivgd Stetre the Lategiomad, trom 1590030 w0 (O3
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B.P., reprecented a period of stagnation and retreat, with several
climatic reversals and readvances of ice, Pollen records are still
scattered, and dated diagrams are not as abundant as we might
wish. However, they hegin to approach in detail those available for
Postglacial time. The stratigraphic break between the Postglacial
and Late-glacial, which generally marks a rise in organic sedimenta-
tion, is a convenient level for a radiocarbon date. Partly for this
reason, | have found it possible to assemblé sufficient dated pollen
horizons to attempt a vegetation map for the end of the Late-glacial
during the Valders readvance. Even though ice returned to central
Michigan, considerable climatic improvement is indicated over the
Full-glacial conditions. In northern New England Deevey's dis-
covery of Valders tundra is confirmed by Livingstone (see Table I).
Ci dating of pollen zone A-4 in Connecticut indicates the presence
of boreal forest rather than taiga or tundra. The Valders readvance
did not affect radically the forests of southern New England.

Mixed hardwoods and conifers, including spruce, occupied Glade
Bog (2,700 feet) in Tennessee (Johnson, personal correspondence).
) o Pine-spruce-birch-hemlock dominated the Cranberry Glades of West
Virginia (3,400 feet). Alpine tundra had retreated or perhaps en-
e tirely disappeared from the southern Appalachians. Small ice fields,
almost certainly surrounded by tundra, excavated circs in the
Catskills, Adirondacks, and other high mountaing of New Eagland
(Manley, 1955). Perhaps of greatest interest is the evidence from
pollen studies that mixed deciduous forest had replaced the pine-
spruce forest of the Carolina Coastal Plain (Frey, 1933). The Valders
forests of that area supported mesophytes such as beech and hem-

lock, temperate species no longer part of the regional pollen rain.
West of the Appalachians the situation is less clear. Andersen
(1954) considered & tyvpical Late-glacial profile from the George
Reserve in southemn Michigan to be of Younger Dryvas age (Valders
as curreatly understoox! is North America). However, if the Ct*dates
from the George Reserve (M-223, M-224, each 11.450£600 B.P.)
sre from the same core ac was used in Aandersen’s study, his NAP
zone is cider. Poosibly it represenis the Older Dryas (Port Huron}
period, Andersen presented 2 thought{ul and skilled analysis of the
problen of “rebedded” and “redepisited” pollen m Late-glaciai
secimente and made z sirang case for ailochihonous origin of such
tunperute genere a2 ock. svect gom, and ash. The reglonal polle:
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Loxasisy axd Core

Arncatook Co.,
Ale., Alder Lake

. Richinand Co.,

N.5., Giliia Lake
{eternham, Mass,,

Tom Swamp
Middtietown, Conn.,

Durham Meadows

New Londun, Conn.

Chester Co., Pa.,
Marsh 1
Singletary Lake,
N.C., 5425
Tranhersy Glades,
W, Ya., 3.400 ft.
Shady Yalley,
Tenn., 2,200 It.

South Haven,
Rk,

Taste 1. Pollen Zones Apparently of Valders Age

Pollen Zone
and Depth

L-3, 700-775
c1m.

L-3, 475-500
com,

A4, 850990
cm.

A-4, 200-230
cm.

A4

B, $9-69 cm.

Ca, 121t. 3 in.—
1310, 3in.

13 {t. & in.

B, 834 ft.

107 in.

Pollen-Flora

Birch-pine-

spruce-NAP
Birch-pine-

alder-NAP
Spruce-pine-

birch
Spruce-pine-fir

Upper part of
Durham spruce
Pine

Oak-pine-
hickary

Fir-spruce-
birch-hemlock

Pine-oak-
spruce

Sporuce

s 4 Yeenhitier except Cillis Laks, Nova Sootia, are shown on Fig. 3.

Radiocarton Age

None
50 cm. below
10,340::220

None
c2. 30 cm. below
8,1553-410
Y 447e, 10,4804 140
Nooe
C-474, 10,224 4510
1 {t. belaw C-336,
9434 1840
1 {t. below Y-287,
9.5004:150

M-288a, 11,200:+ 600
W-167, 10,8604 350

Reference

Deevey, 1951
Livingstone and
Livingstone, 1958

Davis, 1957

Leopold, 1956; also
Barendsen ef al.,
1957

Beetham in Barend-
sen el al., 1957

Martin, 1958a

Frey, 1951, 1953

Darlington, 1943

Barclay (pers.
corres.), Barevdsen
es al., 1957

Zumberge and
Potzger, 1956
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rain represented in the George Reserve clay is predominantly of
spruce, various scdges, and grasses. With an NAP pollen sum not
exceeding 409%, it appears that the vegetation may have been a taiga
rather than a treeless tundra. For my immediate purpose, which is
to map vegetation zones during the Valders maximum, it scems best
to withold judgment on the age equivalent of Andersen's profile. It
does tcl! us that there was a taiga-tundra period during deglaciation
of Michigan.

Pollen studies of Potzger (Zumberge and Potzger, 1956) reveal
Postglacial events in the Michigan basin and interrelate shifts in
vegetation with changes in lake levels. Potzger failed to encounter
any indication of tundra or taiga conditions during the period that
he felt should have represented the Valders readvance. In this re-
gard his results agree with those of Davis, Leopold, and others in
southern New England. Unfortunately, confidence in Potzger's
sequence is considerably undermined by his coansistent failure to
recognize such pollen zones in any of his numerous studies through-
out castern North Amenica. His rock-flour samples from the inor-
ganic sediments underlying lake gyttja from Hartford Bog indicated
no appreciable NAP pollen sum. Elsewhere m both Europe and
America inorganic sediments of Late-glacial age generaily mark
zones of abundant herb pollen, such as Andersen enccantered =i the
George Reserve. Unless Potzger's results are confirmed, 1 a—uime
that the rock-flour levels in Hart{ord Bog record a tundra urtaiga
phase in the vegetational history of southern Michigan.

The taconclusive results of both Andersen and Potzger provide
poor materizl for attempting to locate formation boundaries during
the Valders rcadvanoce. In extending the zone of taiga-tundra on Fig.
3 south thrungh southern Michigan I have assumed that the pro-
glacial Great Lakes reenforced the periglacial climatic influence of
the Valder's ice sheet producing a poor environment for growth of
forest. This judgment may be only slightly less arbitrary than my
location of the boundaries of boreal forest and temperate deciduous
forest in this region. West of the Appalachians there is no paleo-
ecvlogical reoumd defnitely of Vaklers age to assist in loczting these
zones. .

Poatglnelal
Beyond refineniont. in chrenclogy and mouaring evider.t of a
very Sost cofregam:icnre belween chimatic evenis in the New and
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Old World (Deevey and Flint, 1957), little has been added to the
Postglacial pollen sequence suinmarized by Deevey in 1949, The
Hypsithermal, also known as Thermal Maximum, Xérothermic,
Altithermal, ete., extended with intermittent pulsations from 9.5(0
to 2,004 years agu {Deevey and Flint, 1957). It is the most important
climatic event of the porid. Tenumentation of the classic Midwest
Prairic Peninsula extension continues with Smith’s recent valuable
analysis of terrestrial vertebrates (1957). in addition to mapping
relict outpo=ts of prairic animals, Smith showed that it is possible
to interpret anomalous and otherwise confusing splits in subspecific
populations in tenns of post-Xerothennic isolation. Instructive
cxamples are found in Agksstrodon comloririx (copperhcad), Nalrix
erythrogaster {copper-bellied water snake), Dwdophis punctatus, and
Opheodrys vernulis In a bold and original interpretation Smith
explained the history of the Pscudacris nigrita (chorus frog) complex
in terms of invasion of P. n. feriarum, the castern, forest-inhabiting
race. by P. n. lriseriala, a grasslands form from the west. Post-
Xernthermic isolation left a segment of P. n. {riseriala, recently de-
scnbed as P. n. kalms, in New Jerscy and the Delmarva Peninsula.
Thus on both sides of the Appalachians scparate. isolated. popula-
tions of trisertala type chorus frogs integrate with ferigrum.

Pustglacial pollen diagrams indicate Thermal Maximum (C-2
pollen zone) shifts in species composition, with an increase in oak
and hickory in southern New England and, locally, of hemlock in
nortiern New Eangland. In many diagrams a recovery of spruce
foliows in C-3. During the Thcermal Maximum Whittaker (1956, p.
60) believed that spruce and fir were pinched off the tops of certain
mcuntains in the Smokies. Displacement upward ol 1,000 fect or
morc is indicated by absence of these trees in presumably suitable
sites on peaks of less than 5,500 feet elevation.

Thermal Maximum changes, which command arttention of the
student of community composition, the evolutionist, and the bio-
geographer, werc inappreciable in terms of the plant formations
mapped in Fig. 1. They do not justify an attempt at a scparate
vegetation map.

Western United States. Mexico, and the Tropics
Exclusion from Figs. 1-3 does not imply that these areas escapd

considerable late Pleistocene climatic and environmental change
For the present, however, it seems impossible 1o express this effec
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tively on a Pleistocene vegetation map, unless one relies largely on
biogeographic data as Dillon (1956) has done. Topographic cnm-
plexity inevitably leads to considerable difficulties in large-scale
mapping of vegetation. Twelve major units on Leopold's very use-
ful vegetation map of Mexico (1950) suggest something of the
problem.

Paleobotanical study of the Willow Creek flora of Santa Cruz
Island, California, revealed a latitudinal shift in Pseudotsuga,
Cupressus, and Pinus of perhaps 440 muiies, less than the 800 miles of
zonal displacement in eastern North America (Chaney and Mason,
1934). Studies of late Pleistocene fossil birds indicate an even less
drastic shift. * The avifaunas of the Carpinteria asphalt and of some
of the Pleistocene caves of northern and central California (Miller,
1937, 1939) indicate that the boreal avifauna extended 200 miles
farther south along the coast, at least, and 1,000 feet lower on the
interior mountains. Possibly even more extreme extensions occurred
in other parts of the Pleistocene” (Miller, 1951, p. 610). The latter
comment is crucial; either the Carpinteria and other Pleistocene
cave faunas are not of Full-giacial age or the avifaunal displacement
is discordant with that represcnted by the Willow-Creek flora.
Actually, neither deposit may represent maximum displacement of
the coldest period.

The same logic can be directed toward the Rancholabrean biota of
the famous tar pits. While the living representatives of this assem-
blage typify environments subequal to those found today in the Los
Angeles basin (summary in Schultz, 1938), the spectacular finds of
extinct animals stamp the assemblage as late Pleistocene. In the
abeence of (¢ dating or other absolute age estimate, it is futile to
urge any bioclimatic theorv relating the Rancholabrean biota to
Pleistocene chronology. However, one suspects that certain bio-
geographers have assumed that the fauna ss of Full-glacial age and
that it proves lack of climatic change at this latitude. Assumptions
about the cause of large-mammal extinction in this biota, as in-
others, may be intertwined with climatic inference. In view of the
results of isotope dating of similar late Pleistocene faunas, it seems
we may anticipate an age postdating the Wisconsin maximum for the
Rancholabrean fauna. = - o

Except for Clisby and Sears’ work in New Mexico, lste Pleisto-
cenie pollen studies have been confined to the FPacific Northwest and
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Alaska (Hansen, 1947, 1953; Heuseer, 1983, 1955). They have de-
veloped a sequence that parallels the Postglacial pollen sones of
eastern North America. Hansen (1947) found a rise in grass-
chenopod-composite pollen in south central Oregon in the Thermal
Maximum. Apparently, grassland habitats replaced forest along the
prairie-woodland border. Elsewhere in the west, archaeological cave
sites and pluvial lake beds of the Great Basin promise much to the
poilen analyst. Radiocarbon dating of lake sediments may be the
most profitable means of correlating pluvial and glacial events, and
radiocarbon dates of Searles Lake in southern California confirm a
direct relationship between Great Basin pluvial lakes and the classic
Wisconsin sequence (Flint, 1957, p. 232). To the ornithologist this
should signify abundant and highly productive aquatic environ-
ments at & time when glacial ice covered most of the present breed-
ing grounds of waterfow! and scolopacid shore birds.

An original analysis was made by Antevs (1954) of zomal dis-

placement in New Mexico during the Wisconsin. Saowline depres-
sion, the hydrography of pluvial Lake Estancia, and the former
distribution of Marmols indicate a lowering of life zones in New
Mexico on the order of 4,000 to 4,500 feet. The yellow-bellied
marmot is reported from Basket-maker burials at 7,000 feet in
northeastern Arizona (Lange, 1956). This, and its distribution in
grassland of Utah at 4,500 fuet, make it a less reliable Pleistocene
thermometer than Antevs (1954), Stearns (1942), and Murray
(1957) have assumed. Nevertheless, the vertical displacement of
snowline and, apparently, of treeline (Martin. 1958b) seems to
require a major shift in montane vegetation gradients.

Spruce (Picea) should be an ideal indicator of temperature change
in the Southwest and should afford some biological control oa the
geological evidence of climatic change. Clisby and Sears’ polien
study of the San Augustin plains (1956) indicated Full-glacial spread
of spruce through central New Mexico at 7,000 feet, with a maxi-
mum frequeacy of 409, sometime before 27,000 B.P. During the
Pleistocene, almost certainly in the Wisconsin, spruce reached the
Valley of Mexico (Sears ef al., 1955). To enter the Mexican Plateauy,
spruce, and any associated boreal animals and plants, had to descend
to lower elevation. The lowest point on the Continental Divide be-
tweett the Rockies and the Sierra Madre lies at about 4,500 feet in
eouthern New Mexico. In the adjacent Chiricahua Mountains spruce
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rgn&pwsg northerly ravines at 8,500 feet. These
outposts are in extremely favorable microhabitats, and vertical
displacement from a sheltered north slope at 8,500 feet to a level
site at 4,500 feet would require climatic change of greater magnitude
than the temperature depression cncountered between these points
(average lapse rate of 0.6° C per 100 meters or a total drop of 7.2° C.)
Mysteniously, spruce disappeared south of Chihuahua, Mexico,
mn Postglacial time. Subalpine conifers immediately below treeline at
10,000 to 12,000 feet in the transverse volcanic belt of the Mexican
Plateau indude Psnus hartwegsi, Abies, and Cupressus. Superficially,
these boreal montane forests appear quite suitable for Pices, and
more than one biologist has referred to them casually as *‘spruce-
fir.” .
-.The best record on dimatic change in Mexico comes {rom the
" sedimentary studies of Sears et al. (1955) and Hutchinson et ol.
(1956). They demonstrate important climatic fluctuations. How-
ever, the correlation of moist climatic intervals in Mexico with
Cordilleran glacial advances (i.e., Flint, 1957, p. 233) is considerably
lens secure than Glacio-pluvial correlations in western North Amer-
ica. Biogeographical evidence and climatological theory raise the
possibility that Postglacial pluvial pesriods in the Mexican Plateau
are negakvely correlaled with minor glacial advancesat high latitudes
(Msrtin and Harrell, 1957). In the Thermal Zggnﬁaig
sound evidence of drought in the Plateau. . -
' The presenice of Pleistocene §E§<L—n<onza&8 n.n
biogeography of relict montane plant formations such as Cloud
Forest (sec below), nFD_p_ cire depression on Mexican volcanoes
(White, 1956), Chirripo in Costa Rica (Weyl, '1955), and other
trapical mountains above 13,000 feet makes it convenient to infer
cdithatic cocling at low latitudes during .the glacial period. The
presence of an extensive North American ice sheet would, however,
eliminate the prescnt high-pressure systetn which brings summer
cytiones to Mexico and the Southwest (j. E. McDonald, personal
communication) and one wonders if winter Pacific storms would be
shifted'wufficiently to produce truly pluvial conditions in the Valley
of Mexico in the Full-glacial period. Sears e al. (1955, p. $25) inter-
preted their Mexican diagrania as climatic cucillations of moist-warm
and drysuncertain, the latter representing the Wisconsin glaciation.
Within Mexico and Centie! America some of the stroggest indi-
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cations of climatic change are found in plant-animal distribution in
fragmented and isolated habitats such us the Cloud Forest, Griscom
(1932, 1950) noted rather remarkable uniformity from northern
South America to Mexico in bird life of the Subtropical Life Zone,
which includes Cloud Forest. This habitat generally appears on
windward slopes between 3,000 and 7,000 feet elevation. To acoount
for the faunal uniformity Griscom (1932) postulated Plesstocene
continuity of the Subtropical Zone, the result of its depression to
sea level. It displaced the lowland tropical fauna which withdrew
southward.

Stuart (1951, p. 32) noted that the present range of montane
lizarde and other temperate animals on either side of the Isthmus of
Tehuantepec (e.g., Barisia and Scaloporus malackiticus) indicated o

- past cool corridor across the arid lowlands, But Stuart questionied

the displacement of lowland Tropical Rainforest, which Griscom
(1950, p. 358) located far south of its present limit in the pesiod of
extreme Pleistocene glaciation. “. . . a descent to sea level of a sub-
tropical zone would have brought about either widespresd exter-
minstion of the tropical ?E..u or acclimatiration of that fauna to
subtropical conditions. . . . The evidence, therelore, points to the

. presence of a flowland] 565& environment in northern Central

America even at the height of Pleistocene glaciation” (Stuart, 195t,
P. 29). It teems we must have the argument both ways, sititudinal
depression of subtropica! conditions to achieve some contingity of
Cloud Forest through Middle America from Mexico to Colombia,
bdut with persistence as far north as Mexico of Arid-Tropical scrub
and Tropical Rainforest. Actually, 3,000 feet may be too rigid a lower
altitudinal limit for marginal populations of Cloud Forest species.
Under extremely humid conditions subtropical animals may descend
to 2,000 or 1,000 feet (Wetmore, 1943, p. 223).

The nature of Cloud Forest vegetation, avifauna, and biogeog-
raphby in tropical Amterica is under study by B. E. Harrell (1951).
Marshall's exemplary analysis (1957) of Mexican oak ?nos.o&rbn
aleo illustretes the biogeographic R?E,:wmu of studying environ-
mental rather than political units.

*A briel summary of environmental changes in western 22.9
America sod Ceutral Ametnics during the late Pleistocene would
include the follewing points: (1) direct correlation between glacial
omditions in the Curdillerss und the gresvth of pluvial lakes In The

.....
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Great Basin; Amvgﬂﬁogzgsg
and western North America; (3) very doubtful correlation of Glacio-
1%89&55%830&? itudes and a negative correla-
tion, controlied by summer cyclones, in Post-glacial time; (4) 4,000
to 4,500 feet displacernent of bioti~ zones in the Southwest during
the Full-glacial period ; (5) displacement of tropical zones by perhaps
ubs?a 59»1-388.8 exact time unknown, but possibly

gdgagaﬁg
ﬂsgggoﬁ?ﬂggsg?

is intended to clear the ground for a brief review of two events that.

stand foremost in Pleistocene ecology and paleontology. The im-
portance of these events to students of modern biogeography is not
immediately obvious and is often ignored. However, both the ar-
rival of prehistoric man and the extinction of late Pleistocene ani-
mals pose major biogeographic, as well as paleontological, problems.

Man's arrival in the New World is a matter.of continuing con-
troversy. Fluted points, once associated mainly with edrly man in
aestern North America, are appearing in many parts of the east.
They confirm much older evidence of early man, evidence dis-
counted during the Hrdlicka period of skepticlam regarding Pleisto-
ceot men in the New World. The Schoop site in Pennsylvania
{Wittholty 1952), the Quad site in Alabama .(Sodsy, 1954), futed
pbints o Michigaa (Quimby, 1938), in North Carolina, and an

: apperent Late-glacial flint industry in the Manitoulin Islands (Lee, ,

-1957). paisit o the presence of early maaq in Late-glacial as well as
eatly Postglacial time in the esstern United States. Quimby (1958)
related the geochranology of the Lake Michigan basin to archaeologi-
cal discoveries and infers an association of spruce-fir forest, masto-
dons, and fluted poiats from about 10,000 to 7,500 e.c. Willisms
(1957) extended the latter to a more recent date, indicating no

. %ge&rﬁggg&g?

:- The biologist who may wish to review the impressive archaeologi-
n& record of early man will profit by consulting. Wormington's
sxcellent book: (1957} and Sellanis’ equally readable aceount (1952).
Barly msn i» not invariably associated with fluted poiats; the old
desert cultures such me those at Danger Cave in Utah (Jennings,
1957} aot a2 Frightful Cave in Coshuila (Taylor, 1956) represent
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' hunting-guthering people who did not prey on large animals. Fluted

points may be an independent New World invention : they have not
been found with paleolithic sites in Siberia (Wommington, 1957).

In mo:ggopawgrnnsc& at least by early Post-
glacial time as is demonstrated by the well-known association of
::52:_ sloth at Palli Aiki Cave, Chile. Cruxent and Rouse (1956)
and Rouse and Cruxent Ccmdgmv&oo.muagﬂgmng
Venezuela.

From the biological viewpoint i nﬁgnggaugoon
the Interglacial man controversy. If the Tule Spring site, Nevada, is
correctly dated at older than 23,800 years, it clearly indicates that
prehistoric man arrived before the Wisconsin maximum of 17,000
years ago. Presumably this would require arrival in Alaska, at least
by early post-Sangamon time, of a people whose economy was
specislized for hunting large animals in treeless tundra. It seems

‘easier to establish a trans-Bering population in soutbern Alaska

than to understand how, during the Wisconsin glacial period, such 2
voﬂ:—ucon-ﬂgu-ocz. :Eo:ar what lapﬁc&ln.uo»a&

m.oﬁnrn%wbng%oﬁg»gn_ﬁn

" From the time of man's arrival we may assum= a radical change in

mﬂ«g In the strict sense, theoretical climatic climax vegeta-

tion in savanna and grassland areas (Stewart, 1951, p. 319), and

even in parts of the Eastern Deciduous Forest, cannot postdate
man’s arrival. In addition to savannas many areas of temperate
forest may have been greatly modified and subclimax, consolidation,
or even ploneer species favored at the expense of those typical
only of climax positions in plant succession. The paleoecological
dilemmas posed by the B zone pine pollen period (Dansereau, 1953)
may be resolved in terras of an archacological disclimax controlled by
early man, There is :3835:9@85.&8 t his v.gousnro
m-%%gaao Co

S ;A.M‘Egmggga. :

?z—nioa-ong ‘It §vﬂla$88=ﬂn89nnr-=na
state of the American continent without the deepest astomishment.
!ﬂB&wQBE heve swarmed with great moasters; aqed.om q

nyere pigtnies, compared with the antcoedent allied races.” (Veyage

of the Bacgle, 1855, p. 222). In the hundred years since Derwin wrote,
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discoveries. in - .both ‘prehistory and palecatology have enriched
g&%%ﬂ&ﬁﬂ?é?ﬁz&g
dates (Fig. 4, Table 1I) confirm the fact, evident to Darwin and
Lyell, that extinction- was mainly m.onam_unﬁ_ﬁ: South of
Alasia there is ggﬂfggggagg
preceded most New World extinctioa.

Despite these refinements, the extinction of large mammals in
gggﬁ?&»r-bnmo:z..»gﬁgn of small mammals in the
Eﬂ»r&.ﬂrﬂg major unsolved problem, one certainly not
inappropriate in a symposium dedicated to such matters. Until the
cause or causes of extinction are understood, biogeographic and
ecological interpretations based on the assumption that all fossil
mammalian records are of paleoclimatic significance may be overly
bold, if not entirely erroneous. Specifically, 1 would question paleo-
climatic deductions based on fossil records of Marmota and Cervus
in northeastern - Mexico, Eretisison (porcupine) and ' Hydrockoerus
(capybara) in the Melbourne beds of Florida, “‘musk-ox-like”
genera in New Mexico and Mexico, and Tapirss in Arizona (Haury

et al., 1950) and Pennsyivania. Strict application of the uniformi-
g&onnﬂo to he evoided in each case; no respotisible ecologist
would insist that modemn. tapir habitat, Tropical Rainforest and
gﬂgﬂgagéﬁ_ﬁagagg
vania i the jate Pleistocens, :

+'As. Darwm stremsed in The Origin: \h?n& extinction is the
inevitable consaquence of evolution and in iteelf ‘will occasion no.
surprise. Through. the: Cenozoic equid genera -dissppear; Hyra-
detherium and others in.the Eocene; k&ofbvﬁsnroog
Miohippus, Perokippus, and others in the  Miocene: Galippus,
Hipporion, etc., in the Pliocene; B&?oai%.bawg&oﬁ_a
the early ‘Pleistocene. They represent a record of replacement by
mdrphiologically i&&gmg tmproved types of hordes.:
In the late Pleistocene the extinction ‘.Zoar)gﬂnmn:!.
&ggggﬁgam%a 89353_3
event for it constitites etifiction without replacement. For perhape
ugﬂgiagggﬂu%ggag t. Follow-
ing -post-Galumbiap feintroduction, feral horses. reoecupied grase-
land habitats with unseeming haste. Darwin (1855,:p. 299) reported.
that gi:&wg 5382! nﬂ ts of Magellan, 1,300
mies/ in 43 yeass. . xl SR
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" ~ DECLINE OF THE LATE PLEISTOCENE MEGAFAUNA
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Entinct Slsen
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Fig. 4." Decline of the late Pleistocene
mammale is based oa radiocarbon datin;(-ee'l‘a

m.1

N ~“

‘World. Age of last appunncelorvarbmhrp
Floridldaee(l.-m)-cormt.itmkmvd
of many mammals in the southeast beyond their time of extmcuon in western North America. Common names
of the animals are not intended to be specific and more than one genus may be included.
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Tams 11, Radiocarboa Dates Associated with the Extinct Late Pleistocene Fauna
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I I eewe - mmay N TR AN PR T o o USRS



B e T P TP P i it

PLEISTOCENE ECOLOGY AND BIOGEOGRAPRY 399

Tame II. Radiocarbon Dntes Amocisted with the Extinct Laie Pleistocene Fauna
 in America*—Contizued

Sempls Location * Fouma " Comment Yaars, B.P.
17. A30to Leboer oits, Memmuikus Dater between 6,356:6450 and
A, Cochise Co,  columbi 12,000£450; mammoth kull
Adla Ans. should be older than overlying
A40b organic material dated at about
7,000 B.P.
18. AH Murray Sgprings, Mammoth Sample overlies 8 250200
. Cochise Co., cday containing
Arix, bones -

19. A-67 Double Adobe, Eguxs, Cones Charred wood, 8,2004-260
Cochise Co., déirus, mam- Salphur Springs
Ariz. moth, Bison srtifacts; same
site as C-216
20. C-216  Double Adobe, Equas, Cewis  Mammoth lies 7,7562:370
Cochise Co., diras, mam- above the
Ariz. moth, Bisen sample

21, Y341 Five-mile Condor, extinct  Extinct scavan- 7.6754100

Rapids, Ove. vulture gers with at-

(Coregyps latls, burine,
accidentalis) faked stone
: tools .
22. C3) Burnet Cave,  Extinct mam-  Sample from the 7.432300
) - NM mals* 8- to 9-{t. Jevel .
iw the 61

13. M7 Washtemaw Co., Mastodon Acid-eoluble car-  6,100::400

Mich. . bonates from 6, 3002500

! tusk

4. M-138 ..Cromwell, Ind.. Mastodon Associated wood!  §, 300400
28, W88  Kaesler Quad., Woolly mam-  Date on twigs 4,885 160

Colorado moth under a bone,

: : possibly im-
trusive

6. M-354 Lagos Funda, “Giasnt bear’¢ -— 3,000+ 300

Brasil
27. Lt St. Petersbary, Extioct mam-  Charcoal® 2,04090

* Fla mals

_* All dates have boew published in Scvonce. Initials indicate the laboratary: L, Lamont;

., Chicago; M, Michigan; W, Washington: Y, Yale; A, Arizora.

¢ Organic material from muck of deposits that 6l of minor streams, **... under~
laia by bi y siit oc by an older muck that contains wﬂ.ﬁ remaine such as elephant,

-isﬁu which are conspicucuely abernt in the dated muck.

‘ sxcelsns, Camelops wp., Sengamens sp., Anaur commerndens, Exooralheriuw
collimpm, Preplocoras vimciain, Siockoceros emmsrosagris, Buion enblguns, and Rasgier?

4 “Matenial from thin site should dace the agz of the extinct (izct Desr.”

* Charcoal frow ntely exposed canal. * Asaxciated with extint Seminol: 7ild mary-
B-Jp-o srchaic spear ﬁ.nr flint chige ¢ burnad Lone.”

/ Tosk fragmendts af thit rasstortan yi- . & mud: Oder dars, 312149, 12, 837 1000
years {Sciemcs, 127: 100%).
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Before proceeding directly into a consideration of possible causes,
it appcars essential to examine the nature of late Pleistocene extinc-
tion more closely {cf. Simpson (1953) for a general treatment of
phyletic extinction]. If it is no different from that of the early
Pleistocene or Tertiary there is little point in proceeding farther.

Extinetion without Replacement

In addition to Equus, cited above, the following North American
genera, representing specific ecological life forms with respectable
Tertiary lincages, disappeared in the late Pleistocene or sub-Recent
time: the elephants and mastodons Moemmuthus and Maommud,
the camels Tanupolamu and Camelops, the Old World antelope
Sasga, the cervid deer Samgamona, and Cervalces, the shrub-oxen
Symbos, Euceratherium, and Preploceras, the pronghorns Breameryx
and Stockoceros, the giant beaver Castoroides, and others. They re-
flect abandonment of grazing and browsing habitats by roughly three-
quarters of the mammalian herbivore fauna. In the West Indies four
genera of ground sloths and sixteen of hystricomorph rodents, also
herbivores, disappeared in sub-Recent time.

The general rule that abandonment of life forms and the disap-
pearance of genera or subfamilies without replacement occurred only
in the late Pleistocene may have a single minor exception. Boro-
phagus, a New World equivalent of the hyaenid life form, is unknown
beyond the First Interglacial (Hibbard in Flint, 1957, p. 462). How-
ever, at no time since the extermipation of the Upper Cretaceous
duck-bills and other herbivorous dinosaurs has there beea un-
balanced extinction of equal magnitude.

Fig. 5. Generic extinction rate curves for various mammalian orders.
The number of genera last recorded divided by estimated age for each
epoch is shown {or three Late Cenozoic epochs: M = Miocene, 17 million
years; P = Fliocene, 11 million years; Pl = Pleistocene, one million years.
Pleistocene extinction rates rose sharply in the primastes, rodents, eden-
tates, fimipeds, notoungulates, liptoterns, proboscideans, perissodactyts,
and artiadactyls. There was 9o comparable rise in extinction rates among
the inscctivores, rabbits, cetaceans, pinnipeds, and sirenians, Data on
extinct genera were chiained from Sirapsen (1945); orders with poor late
Cenozolc foeei! recoeds, as the bata, pangolins, sud hyraxes, are not
includer!.
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Cenosole Extinction Rates Rise in the Pleistocene

Extinction rates in number of genera per million years for several
mammalian orders increased greatly at the end of the Cenozoic
during the Pleistocene (Fig. 5). The data from Simpson (1945) repre-
sent laat sppearances of genera in each of twenty mammalian orders.
To obtain extinction rates, one divides the number of genera last
recorded in each period by the geologica! estiinate of elapsed time,
17 anillion years for the Miocene, 11 for the Pliocene, and 1 for the
Pleistocene. .

It is obvious that only certain orders exhibit a strong Pleistocene
effect. Those include the artiodactyls, proboscideans, marsupials,
edentates, rodents, perissodactyls, fissipeds, and primates. Certain
groups with moderately good late Cenozoic foesil records, as the
cetaceans and pinnipeds, appear unaffected. The extinct Pleistocene
genera of marsupials are all Australian and incdude large kangaroo
and phalangeroid herbivores. Within the primates, 8 of 14 extinct
Pleistocene genera were lemur-like forms from Madagascar. Amoag
the rodents, a rise in Pleistocene extinction rate can be attributed
in part to the extinction of insular genera, 15 of thern West Indian.
Regarding the entire late Cenozoic record of mammals, extinction
rates rise from 25 per million years in the Miocene, 40 in the Plio-
qene, to 203 in the Pleistocene. From this we may believe that
Pleistocene extinction transcends that of the rest of the Cenozoic.
Was;it cansed by dimatic change of the Glacial periods? ,

gg?i?s??.gwﬂi

E@g-aggcam also in Flint, 1957) o* Eﬁ-gn
mammals shows & considerable measure of extinction in the First
Interglacial, the Aftooian. However, 3990.5«?2@082
Berophagus, there is continual replacement of generic types until
the Wisconsin. .

. Eatimating the Glacial periods arbitrarily at n808 years each
and the intergiacials at 250,000 years we obtain for North Americt
the following extinction rates, expressed as number of genera per
‘100,000 years: Nebraskan, 1.0; Aftorian, 6.0; Kansan, 5.0; Yar-
mouth, 1.2; lllinoian, 1.0; Sangamon, 0.0; Wisconsin, 31.0 (ter-
BBLR@R&ESI.G&»E in Flint, 1957, with addition of Floridiaa
KL_XEB mammals). On rﬁ?ﬁ: it vo.!c_nse chuie (1)
thet e extinction rate . the “Wisorns: var onuciderab!s higher
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than earlier in the Pleistocere and (2) that extinction is not related
to the Glacial period or to the dimatic change brought on by
" In part such figures may be an artifact of palecntological sampling.
Late Pleistocene sediments, bogn. caves, and alluvium, are better
preserved than older deposits exposed to a longer history of geo-
logical wear and tear. The late Pleistocene should be better known
than a preceding fauna. Nevertheless, acoepting the fossil record at
face value, it seems that extinction was predominantly a Wisconsin
phenomenon. The facts do not agree with the proposal that the rise
in Pleistocene extinction rates is the result of climatic change.

Late Plalstocene Extinction Affected Only Large Animals

Obvicasly, this is not strictly true, as Eisley (1946) and Gill (1955)
pointed out. Ot the one hand, cetaceans and pinnipeds were unaf-
fected; on the other, small to medium-sized West Indian mammals,
lirards, and birds disappeared. In tropical forests and savannas
certain edentates survive, such as the anteaters and tree sloths.
Their plains-dwelling relatives of subequal size, such as - Nothro-
therium and Chalmytherswm, disappeared. Moose, elk, white-tailed
deer, and probably bison survived ia temperate forests while, except
for one species of pronghom and the mule deer, the grasslands were
stripped of large Serbivores, .

' Nevertheless, the size relationship is crucially important. The
viinerabllity on most islands of relatively small animals (from the
size of a Norway rat to that of a beaver) can be contrasted with
that on coutinental areas where, aside from possible trimming of
marginal populations, the extinction of such small animals did not

. ooccur at the end of the Pleistocene. 1 am indebted to K. C. Parkes-

for pointing out that, of the reasonably rich late Pleistocene passerine
gvifauna, there are recoguized only two extinct genera, both in the
family Icteridae and both cowbirds, Pandanaris and Pvelorkamphus

. (Wetmore, 1956). It requires no great imagination to suggest that

they shared a commensal table with the modern cowbird genera,.
Molothrus and Tangavius, and that extinction of the large herbivores
reduced the wuriery of ecological niches for both wavenger and
cowhird life forms  The extivet scavengers ars more nui rous ad
include the grrers firaagyps, Teralornss, (mkstornis, Ne:gyg:, znd
Neaphrowtog,. -
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Extinction Marks the Roundary heciween the FPleistocene and
Recent

In the Rocky Mountain region Hunt (1953) rcported that the
disappearance of such large mamnials as elephants, camels, and
horses coincides with a widespread unconformity in the late Quater-
nary deposits. He correlated this break with the drought of the
Altithermal and finds that extinction immediately predates it.
Wahile this relationship may be of geological utility in western Neocth
America, chronological detail does not bear out such a distinction
between * Pleistocene’ and “ Recent” elsewhere on the continent.
In Alaska thin gravels and clays containing remains of extinct
mammals are at least of Late-glacial age or older. Organic material
overlying the remains of elephant, horse, and extinct bison has been
dated at 10,200+800 (L-137G) and 9400750 (L-137N) years
B.P., (sce discussion by Sigafoos and Hopkins in Broecker ¢ al.,

"~ 1956, pp. 156-157). Horn g of Bisom crassicornis were dated

at 16,400 42000 (M-38).

In Mexico the Upper Beoerra Peat, containing remains of the
mammoth M. smperalor is also considered as older than 10,000
B.P. (Wormingtoa, 1957, pp. 91-99). Hibbard (1955) considered it
early Wisconsin. MacNeish's importaat and, in large part, unpub-
lished studies in southern Tamaulipas (1950, 1955), have revealed
leaflike points associated elsewhere with the Becesra snammothas, but
there is ro evidence:of extinct animals in his radiocarboo-dated
B&aﬁrewarg%ﬁnﬂwoanngg (personal com-
munication). >v§¢< extinction in both Mexico and Alaska
preceded that in the Rocky Mountains. .-

Jn Florida and South America extinction von&»”& the Alti-
thermal. C:n:ﬂgiwgﬁga:gggéi | aspect of the
extinction chronology, partly because it all but eliminates climatic
change as an extinction cause. The vastly rich fauna of the Mel-
boumne and Seminole beds of Florida was datex] on archasological
and geochropological grounds by Rouse- (1952) at 4,00Q to 2,000
years ago. A radiocarbon QPR. L-2N, 2,0404+90, of charcos! {rom e
newly exposed canal is “‘essociated with extinct Semincis Field
raammaels; &t “srchaic’ spear point, Rint chipy, and Lupre T ...
the date seems anomalously fow ir: view of the cxtinct ¢ \m ld
descriptiop: feacr ﬁ&nb.ﬁ& c&?b«! m:x,.,kﬁi . 19536, p,

161). The fauna = the Seminole L1 includes the poraii<i, .,,..-37



PLEISTOCENE 1ICOLCGY AND BIOGCEOGRAPHY 40§

‘ bara, dire wolf, short-faced Lear, smilodon, ground sloths, giyoto-

. donts, horses, a tapir. extinct pecaries, camels, mastodocs, mam-
moths, and various small mammals conspecific with living species
(Cooke, 1945, pp. 308-309). Forty years of scrutiny have not re-
solved the apparent contradiction that a rich and varied extinct
savanna fauna survived here until a very late late, perha;s 4,000 to
2.000 years ago. contemporaneocus with archaiz man (Rouse, 1952;
Heizer and Cook, 1952).

In South America an extinct mastodon, Cuvieromins, wae found
associated with pottery (Spillmann in Osborn, 1936, pp. 571-574).
More recently a radiocarbon sample from Minas Gerais, 3,000+
300 B.P. (M-354), “...should date the age of the extinct Giant
Bear'’ (genus unspecified, collected by Evans and reported ir: Crane,
1956, p. 672). The recent review of mastodon remains and radio-
carbon dates by Williams (1957) indicates that outside Florida the
genus endured in eastern North America until at least 6,000 years
ago and is associated with archaic artifacts.

One waits with keen anticipatios: additional study of these and
other problem areas such as the West Indies. Tentative conclusions,
based on the harvest of eight years of radiocarbon dates associated
with extinct animals, follow: (1) Mexican and Alaskan large mam-
mals were the firet to be eliminated, this in Late-glaciai time;
(2) the Plains Megufauna disappearced in the early part of the Post-
glacial period; (3) eastern temperate forest and tropical rainforests

. were the last continental refugia for large mammals; (4) the Ficridian
savanna, surrounded by forest, scrved as a refuge for plains her-
bivores after they had disappeared elsewhere in western North

A LATE PLEISTOCENE FXTINCTION MODET

An idealized descriptive 1nadel designed to illustrate pribability
of extinction within the late Pleisiccne terrestrial fauna weuid in-
clude many factors. Without doing violence to such a mods«! we may

" be able to limit it to three: (1) bodv size, (2) habitat, and /3) total
range of the species. Reasons for 1is choioe and cestain =;pasent
exceptions to the mode! will bear:ry »vident subsequently.

The probability. ol extinction: = thc jate Pleistooene ;x5 to
have been maximired Uy largr ‘-~ rize; wvally accom;anicd by
low values of r (iniraslc rate of (Lomese), and T (mear v sciation
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period); by open habitat, i.e., savanna, grassland, tundrs, and
desert, and by limited range, either insular or on such.ecological
islands as Alpine meadows surrounded by forest. Conversely. sur-
vival was enhanced by small size, furest habitat, and a large range
for the species in question.

\'s
o
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4

. SIZE OF ANIMAL

.
\:Pjo' 2

3

| ‘. \

\

\

—

. WOMEST  SAVANNA  IAMSILAND  OESTNT
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Fig. 6. A Late Pleistocene extinction mode] for New World mammals.
This generalized mode! is intended to indicate the intergsction of variables
that appear to have been important in determining probability of ex-
tincticn for any particular apecies or population. Points beneath the sur-
face of the solic lie within the region of high extinction probabitity ; those
above the surface lie in the region of high probability of acrvival.

The ptimary question in late Pleistocene extiacrion: revaives
around the berbivores (trophic level Ay in Lindesoan's sytem).
Acccnding to ecol.xicz! and evolutionary thecey i .« gxiocenatic
that a reduction in rhe nusnier of species operating 2t ne +ve! will
require reductior «1 by ter trophic levels, Our persont task s to
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describe the pattern of herbivore extinctions, with the assumption
that extinction of certain wclf, cat, cowbird, vulture, and vampire
life forms followed inevitably.

Figure 6 is a diagrammatic attempt at such a descriptive modcl,
showing high and low regions of extinction probability. The high
regions lie within the shaded portion of the solid; the low regions lie
above in the unshaded portion. Following Dansereau (1957), habi-
tat can be divided conveniently into the four biochores: forest,

. savanna, grassland, and desert. All terrestrial communities from the

equator to the Arctic fall within one of these units, Animal body size
is divided into four clasees, represented respectively by (1) Norway
rat, (2) Norway rat to beaver, (3) beaver to pronghom, (4) prong-
hormn to mammoth. Total range of the species in square miles is
arbitrasily listed as very small (less than 2,000), smail (2,000~
20,000), mediun (20,000-200,000), and large (200,000 and more).
Three specitic exampics, which were uced in constructing the model,
illustrate its predictive function:

Case A. Upper-left-rear corner of the diagram. Small animals in a
small area of forest, Puerto Rico. _

Extinct. Nesophkonies, an insectivore; Acralocnss, a small ground
cloth; and six genera of hystricomorph rodents: Heptaxodon, Flasmo-
dontomys, Isolobodon, and Proechsmys (surviving on mainland South
America), Heleropsomys, and Homopsomys.

Surviving. Eleven genera of native bats; introduced Kaoffus and
AMyus.

Extinction intensity. Heavy.

"Case B. Upper-left-front comer. Sma!l animals in extensive
forest, eastern North Amenca.

Extinct. None known.

Range possibly reduced : Neofiber, round-tailed muskrat ; Erethizon,
porcupine; Didelphis, opossum.

Surviving. Twenty-one gencra of native rodents, variouvs other
small terrestrial mamamals and bats.

Extinction intensity. Very light.

Case C. Lower-center and right-front comer. Large animals in
extensive desest, gtassland, and aavenna habitats, the Basin and
Reonge provinoe and westerin North Amenca generslly.

Extinct, Momeusius, manncths of two o three species; Mam-
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mwt, mastodon; Paramylodon, Nolhrotherium, and Megalonyz,
ground sloths; Glyplotherium, glyptodont; Plolygonxs, peccary;
Tanupolama, long-legged ilama; Camelops, camel: Sampamona,
extinct deer; Breameryx, tar-pit prunghom; Stockoceros, pronghom;
Eucerctherium and Preploceras, shrub-oxen,; Bootherium, musk-ox;
Lquus, horse and ass, various species.

Surviving. Antdocapre, pronghorn; Odocoileus, mule deer; Bison,
buffalo, one species only.

Extinction intensity. Heavy.

In addition to these three cases it is obvious that other regional
faunas {uifill the requirements. For example, the Greater Antilles ex-
perienced complete extinction of all beaver-sized und larger animals
and partial survival only among the small mammals and reptiles.
In Alaskan tundra and Mexican steppe there was a high extinction
rate {or large herbivores (pronghomn size aad over}, but neot for small
or inedium-sized mammals, Applying the model to South America
we would expect heavier extinction on the pampas and campe
cerrado savannas than in the Amazonian rainforest.

Paleontology of the Pampean formatioa (Simpson, 1940) showed
that a variety of ground slotlis, glyptodonts, and other edentates,
horses, certain camels. and the native ungulates, as the macra-
ucheniids, toxodonts, mesotheres, and hegetotheres, disappeared
from t'e plains areas. Some extinction of forest {orms must have
occurred, probably more than the scanty fossil record of mastodonts
- and bears would indicate (tropical {orest Pleistocene sediments are
all but unknown). However, surviva! in the forest exceeds that on the
plains. Peccaries, large edeantates, monkeys, tapirs, capybaras, and
various deer in the forest and forest margin contrast with the pres-
ence of only two large native herbivores in the pampas and in Pata-
gonia, the guanaco or wild llama and the pampas deer.

If the model is adequate in these cases, it by no means explains
lack of extinction under certain circumstances that call for it. The
survival of four species of native caimamelids in Scuth America, at
least two of them witk relatively narrow ranges in the Andean Pura
is mystifying, both in terms of the maodel and the extermination of
the camnamends in North Amenica. The survival of Capromys sngrs-
kami or: one of the smalicr Bahamar Keve and of Tesiuda, the giarnt
tortoises of the Gabbpayges, ntredie an additional problem that
appears worthy of apecizi Leaunent.
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WEST INDIAN VERTEBRATES AND GALAPAGOS TORTOISES

Late Pleistocene and sub-Recent insular extinction throughout
most of the worldd appears to have been intense. Certain occanic
islands exhibit the phenomenon of cxtermination without replace-
ment noted in North and South America. Giant marsupiais inhabited
Australia (Gill, 1953), large flightless birds survived in New Zealand
at least until 1300 A.n. (Deevey, 1953), and giant lemurs, tortoises,
and large birds lived in Madagascar (Sibree. 1913). West Indian
mammals, reptiles, and birds cxperienced extermination both of
relatively medium-sized genera {tortoises and ground sloths) and of
many smaller rodents. In this respect West Indian extinction differs

from the continental record. Summary articles by Allen (1211) and’

Matthew (1919) have been superseded by Simpson’s valuable zoo-
geographic synthesis (1956). Allen (1942) discussed most of the ex-
tinct mammals. Except for Cuban ground sloths (Allen. 1918;
Aguayo, 1950) and Jamaican bats and rodents (Anthony, 1920;
Koopman and Williams 1951; Williams, 1932b), the distribution of
most of the extinct mammals is covered in Miller and Kellogg's
Checklist (1955).

The extinction chronclogy is rather baffling and is not simplified
by the possibility that certain forms such as Nesopkontes may yet be
found to survive in remote thountainous districts. I am indebted to
K. F. Koopman for pointing ot that mare than 300 years elapscd
between discovery of the islands by westem man and the first senous
scientific description of their fauia. Extermination in this interval,
perhaps at the hands of superior competitors as Ratlus, or as the
result of clearing and cultivation, wili be difficult to distinguish from
prehistoric extermination. Nesoghontes, for cxample, appears to
have been contexnporaneous with Raftus. In contrast Tesiwio and
varicus ground sloths almost surcly were not present at the time of
the conquest. Ground sloths may have exisied into the ceramic
period (Aguayo, 193¢), and the giant rudent Quemisia was ap-
parently known to Oviedc (Allen, 1942}, but there ig no crrtain
avidence of other large hystricomesphs (Elasmodonlomys, Clidon:ys,
and 4 mblyrhiza) in post-Colwnhizn middens and it is most uniikely
that their presence would have goue unrecnnii=l Ly early obeervers.

Sirmpeon listed twenty-twe exiinct genera of rerestrie] manmais
it the Greater Antilles. Fven assiinicy soree unnccessary splicting,
the foeail fauna i quite ipressiv: By companiuon, the presest sur-

I



410 P. 8. MARTIN

viving fauna of four genera is depauperate: Solenodon on Hispaniola
and Cuba, Oryzsomys (recently extinct?) on Jamaica, Capromys (here
to include Geocapromys) on Cuba, the Plana Keys, Jamaica, and the
Swan Islands, and the closely related Plagiodontia on Hispaniola,
Considering the poverty of chiropteran remains elsewhere, the
fossil record of the West Indian bats is remarkably good. It has been
used to identify relative faunal ages in Jamaica (Koopman and
Williams, 1951; Williams 1952b). At first glance the presence of two
genera of foesil bats now extinct in Jamaica seems to contradict the
principie 1 have noted earlier that late Pleistocene extinction did not
affect such animals. Other than commensals and parasites of large
herbivores, such as the cowbirds and vampires, we would predict no
elimination of life forms among the bats and birds. In theory clirnatic
change during the Wisconsin and earlier Glacial advances altered
the ecological opportunities for various genera and changed faunal
composition at low latitudes. However, it is my present thesis that
generic extinction did not accompany such events. Koopman and
Williams' studies make it clear that the local extirpation of bats
(Tonatia and Brachyphylla) in Jamaica was accompanied by replace-
ment by related genera in the same subfamily. Tonatia and Brachy-
pPhylla survive in Central America and Hispaniola respectively. The
Jamaican bat fauna remained rich and bears no resemblance to the
annihilation experienced by the terrestrial herbivores. The shift in
the species composition of bats may be attributed to climatic change.
On the other hand, the survival of a rodent, Capremys (Geo-
capromys) ingrahamsi, on the tiny Plana Keys and of C. thoracatus
on the Swan Islands, seems a serious violation of the general rule
that the smaller the surface the greater the vulnerability to extinc-
tion (Fig. 0). The record of Capromys is instructive. C. smgrakamsi
was described in 1891, Closely related fossil populations were sub-
sequently found on the larzer Bahaman Isiands, Crooked, Eleuthera,
Long, Great Exuma, Crrat and Litde Abaco. In 1955 Rabb and
Hayden {1957) revisited the Plana Kevs, collected three specimen:
of the ' rootie” and noted that the island had undergoric little change
since Ingraham'’s vist., Fast Plana Key is a small, rocky islet not
more thest SC feet abwove the onan, one-half mile wide, four wr Gve
miles long ana *. . . entirely without {resh water sxcept in the rainy
scason, when pools of fresh water may be fonnd i holes ia the rocke”
{Alle, 1821}, In <he abarnce of {resh water it 16 doviscful that the
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Carib Indians ever maintained permanent scttlement on the island;
Rabb and Haydes note that it s uninhabited at present. This fea-

. ture may be crucial. \We can attribute the remarkable survival of

Capromys both on the Plana Keys and on the Little Swan [slands
to lack of permanent prehistoric habitation. For the archaeolugist
this carries the corullary that the other Bahaman Islands were more
intensively occupied.

The foregoing acoount emphasizes the mammalian fossil record.
In addition, there were *‘ giant”’ late Pleistocene lizards (Hecht, 1951,
1952) turtles (Williams, 1950, 1952a), and birde (Wetmore, 1937).
The record of the tortoises, Tesfudo, is an important adjunct to the
extinction of the large mammals. An interesting sidelight is their
apparent extinction in the Greater Antilles before the main period
‘of mammalian extinction (Williams, 1952a, p. 554). Elsewhere they
evolved through the Tertiary and into the late Pleistocene. Species of
relatively small size survive in northern South America. The New
World giant tortoises remain only on the Galapagos. As in the case of
Geocapromys on the Plana Keys, there is reason to believe that these
islands escaped permanent occupation in prehistoric times. Heyer-
dahl and Skjdlsvold (1956) reported no archaeological evidence of
prehistoric occupancy of the Galdapagos other than temporary or
seasonal visits, and no preceramic contact. With a long reproductive
time lag and no special defense against man, the giant tortoises
must have been especiaily vulnerable to human predation. This may
‘explain their early demuise compared to the rest of the fauna in Cuba
(Williams, 1952a). The Galdpagoe and Plana Key exceptions to the
generalized extinction model (Fig. 6) indicate that it will apply only
to regions permanently inhabited by prehistoric man. -

CLIMATIC INDICATORS, EXTINCTION, AND MAN

A hypothesis which implies that practically all the important
fossil forns had existed until a comparatively Recent date and then
bevoa:c extinct in a geologically short period of time had seemed
equally improbable to the writer; and vet it 3 to such a conclusion
that 2 study of the evidence leads”” (Remer, 1933}, Flint (1437),
Owborn (1936, pp. 1512-1513), and Sauvcr {1944) sre also ammong
tiwee who indicate that prehiztonc man wae the principal agent of
late Fleiztovene extiaction. If dreummtantis) evidence points to man,
it does nct reveal his methads, Saver's tre dnve bypothesis (1544}
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may bhe important in understanding the possible hunting techniques
of use against the large. gregarious plains hertmvores. However, as
Eisley (1946) noted, even the most ardent proponent of fire as an
ecological force may hesitate to attribute the extinction of forest
mastodons, the giant beaver (Castoroides), and the West Indian
hystricomorphs to this technique. The mysterious survival of large
African herbivores frustrates sweeping conclusions.

For paleoecological purposes it seems necessary to consider the
significance of large vertebrates as climatic indicators. If prebistoric
man is an extinction agent, how are we to interpret shifts in range in
termns of paleoecological uniformitarianism? Tapirs and capybaras,
today denizens of tropical forest, formerly ranged far to the north,
respectively to Oregon and Pennsylvania and to Florida and Arizona.
Are there compelling reasons to believe that, in the absence of man,
these animals would not occupy the same range under the present
climate? -

The porcupine, opossum, and armadillo have notably extended
their ranges within historic time. The opossum and armadillo moved
northward (Guilday, 1958; Fitch e al., 1952), the porcupine south-
ward, into Sonora (Benson, 1953). These extensions can be at-
tributed to climatic change. They can alsc reflect the reoccupation
by these species of margina! positions in their former range, {rom
which they had been eliminated in prehistoric time by human preda-
tion. The mountain top populations. of Marmota Aavivenirss in

) southem Anzona, New Mexico, and northeastern Mexico were

trimmed, m:gvso ‘and boreal habitats,’ w_uvu.ﬂnzu. suitable for
marmots, persist in these areas today.

The gant tortoises, like the tapir and capybars, are another
group in which a complacent assumption of tropicality 13 read into
their ranges, for example, by Crook and Harsis (1958, p. 241). Sur-
vival of tortoises oaly on reinote occaric islands seems to be at-
tributable 1o the circumstesice that they here escaped pre-Columbian
extermination by man rather than to climatic change. Assumptions
of climatic change based on the present distributione of reiatives of
the late Plewstocene foesil vertebrates are gratuitows as long as an
riternate cawvse of extirpation iz poesible. In brief we may inquire
whether tvapicsi forests and nacole slands conatitum refugia fram
climat: change or frum the Linting practices of preditstone w0,

For muaitive mdiontors of dimate and ;! envirommonis it mury
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be nevessary to (onsicor only plant diztributions plus those emall
animals whose populatica density and reprodductive capacity could
keep pace with human predation.

Within our present knowledge there seerns iittle agreement on the
problem of extinction and man’s role in it. Most authors who have
revicwed the problem reduce it to the outoyme of an interaction of
all factors that can limit animal populaticns—predation, competi-
tion, parasitism, climatic change, evolutionary lag during environ-
mental stress, and also the effect of man {Colbert, 1938; Giil, 1955
Hamilton, 1939; Osbomn, 1906; Romer, 1945: Simpson, 1931, 1983).
I believe this multiple hypothesis does injustice to the temporal
and ecological record, i.e., (1) differential loss of large animals, (2)
lack of evidence of major climatic change during the extinction
period, (3) the narrow chronological range in which extinction oc-
curred, and (4) the phenomenon of removal without replacement. It
would appear that within the Cenozoic the late Pleistocene environ-
ment had some unique features. Man is the only onc clearly
identified.
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