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CHANGING PALEOECOLOGICAIL RELATIONSHIPS DURING THE
LATE PLEISTOCENE AND HOLOCENE IN NEW ENGLAND

JOHNSON PARKER
U. 8. FOREST SERVICE, RETIRED

ABSTRACT

This review briefly describes the glacial conditions, plants, animals, and
the interrelationships among them and humane during the following times: (1) at
40,000 B.P. when the ice sheei extended a little south of the U.S. - Canadian
border, (2) from 18,000 B.P. when the ice sheet reached its maximum extent to
14,000 B.P. when the greast meli-oul began, (3) from 14,000 - 9000 B.P. when the
spruce-pine forest invaded, humans arrived, and many large mammals became
extinct, (4) from 9000 - 3000 B.P. when relatively warm and dry conditions pre-
vailed and large populations of broad-leaved deciduous trees arrived, and (5)
from 3000 B.P. to the present when the climate was cooler and moister and when
Europeans arrived to disrupt the ancient relationships between Native Americans
and the environment.

INTRODUCTION

Profound biotic changes occurred in New England during and just after the
final melting of the last substage of the Wisconsinan glaciation. The questions
of why such changes came about and how they affected Native Americans are not
easily answered, buit remain fascinating in any case. We have started with
40,000 B.P. not because it was a time of the deepest "winter" and the farthest
ice advance of the Wisconsinan glaciation, but because it wars A time when the
glacier was in about a median stage of its extent during the late Pleistocene
and a time that is thought to be previous to the advent of humans in New
England.

40,000 B.P.

If for a moment we could iransport ourselves back to 40,000 B.P. in New
England, we would probably have found (1) no people, {2) no glacier, except in
the northwestern part of Vermoni and some of Maine, and {3) a very unfamiliar
plant and animal population.

Considering the firat of these cbservations, no evidence now exists for
human occupation at that time in New England. Whether the glacier destroyed
auch evidence or whather we have not yet dug deep enough in certain deposits are
at least possibilities to consider. There is, however, evidence of something
regembling hearths iogether with some dubious artifacts that date as old as
35,000 B.P. (L-299D) and even 38,000 B.P. (UCLA-110) in southwestern North
America {Haynees 1967). But Haynes had atrong reservations aboul these gmites
being actually caused by humans. Watera (1985) agreed with these reservations
and concluded that the Clovis culiure is still the oldest uneguivocal evidence
for man in the Americas south of the ice sheets. The earliest Paleo-Indian
gites in northeastern North America have been dated between 11,000 and 10,000
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B.P. {Grimes et sl 1984). On the other hand, it may be significant that recent
finds reported in the public press give dates of 32,000 B.P. for a aite in
Brazil, and 33,000 B.P. for one in Chile {Wilford 1986).

On the second point, the continental ice sheet, although extending over a
vast aren of Canada, left a large portion of North America ice-free during the
entire 64,000 or so years of the Wisconsin glaciation., If we had lived in New
England about 40,000 B.P. we would probably have thought of the ice~-front as no
less astatic than the one today in Greenland.

Ag for the third observation, the vegetation in New England consiasted
nainly of a cool-climate forest made up of spruce {Picea) and lesser amounts of
pine (Pinus), evidently largely jack pine (Pinus banksiana Lamb.) {Delcourt and
Delcourt 1981). Jack pine today is almost exclusively Canadian, extending north
to approach Hudson Bay, east to Nova Scotia, and west to the Rockies (Little
1971}. Spruce (at least Picea mariana Mill., B.S.P.) covers much the same
region, but extends into Alaska at one end and into New England at the other,
Jack pine can occcupy drier sites than epruce while spruce commonly occura along
the edges of bogr and lakes, as well ag in a transition region beiween open
muskeg and gentle slopes of more upland areas (Larsen 1920)., The socils must
have been underlain with frogzen ground or permafrost. In fact evidence for
permafroat in ground south of the ice sheet during the last glacial epoch is now
known (Péwé 1973). One is tempted ito judge from pregent day Canada what
conditions were like in thoee days, but such comparisons have been gquestioned
{e.g., Ritchie 1977).

The spruce-pine foreat wae sometimes broken up by tundra-like areas,
presenting a moamic of forest, open woody scrub, and herbs called "woodiand”
{intermediate between tundra and forest) (R. Davis sand Jacobson 1985), In =a
different wview, although Larsen (1880:1) used "taiga" to memn the boreal forest
consisting of sapruce, larch, fir, pine, and other less important tree =species,
he emphasized the Ilack of a static, geographically homogeneous flora within it.
Instead he pointed out the impeortance of a "continuum®” in which communities are
arrayed along varioua "ecoclinea”, that is, changing the number of individuals
of each species from ons kind of habitat to another.

True tundra {treeless by physiographic definition) occurred mainly near the
maes of ice which wae ihen encroaching on the preseni U.S. - Canadian horder.
Lake Erie and another lake of similar size in the St. Lawrence River Valley
drained south into the Hudson River io the Atlantic Ocean. Land extended east—
ward from New Engiland to a line roughly going from Nova Scotia to George's Bank
off Cape Cod (Delcourt and Pelcourt 1981),

The tundra, forest, and open areas within the forest, provided fodder for
an extraordinary variety of large mammalian herbivores. These included warious
Artiodactyla (with even-toed feet), Perissodactyla (with odd-toced feet) (Savage
and Russell 1983:382), at least =six genera of Proboscidea (elephant-like
animals} (Dragoo 1979), and many others such as certain Edentiata {e.g., slothg)
{(Kurtén and Anderson 1980:128).

Although not neceasarily a model for Pleigtocene times, many of the present
day Canadian spruce forests are sassociated with ground-living messes and
lichens. These lowly piants commonly form B ground cover that is not only
important to the life-cycle of the spruce itself (Larsen 1980:212}, but serve as
food for grazing mammals. Not much haa been known about the food of the mammoth
and mastodon other than some sketchy observations of remains in China and
Siberia. Recent anslyses of mammoth dung from a cave in western U,S. revealed
the presence of grasses, sedges, and some woody plants (Mead et al 1986).
Mammoth teeth, like those of present day elephants, were well adapied to
grinding such things as grasses and leaves of willow, alder, and the like,
wherens the jagged ieeth of ihe mastodon were adapted to coarser fare, gsuch as
epruce branches and leaves.
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Other large herbivores must also have been important. Among the
Artiodaciyla were the Antilocapridae or pronghorns and the Cervidae including
the white-tailed deer {Odocoileus virginianus) and the caribou (Rmngifer), both
of which still exist today. Another important ungulate was the giant deer or
stag-moose (Cervalces) that became extinet shortly after the end of the
Pleigtocene. Of the Bovidae, two species of bison, now extinet, lived in ihose
days: Bison antiquus and B. occidentalis. Bootherium was a woodland musk ox
asscociated with spruce and pine, also now extinct. Another woodland musk ox,
Symbos, wnag associated with spruce =and fir and survived briefly into
post—-glacial times. Still another musk ox, Ovibos, survives to the present,
perhaps because it could escape human hunters by ranging further north than the
humans. Euceratotherium was a bovid shrub ox associated with B. antiguus.
Beridea Euceratotherium, another shrub ex was Preptoceras (Mariin and Guilday
1967:59),

The cervide are in general browsers, as faresters so well know ioday from
the depredations of deer on young trees; the bovids are largely grazers,
although there are notable exceptions in both groups. The woedland caribou
(Rangifer caribou) of today feeds in summer on planta like those eaten by the
moose: herbs, aguatics like lily pads and their rools, and some browse. In
winter they dig through the snow for mosses; lichens, and grasses and if the
enow ig very deep, eat the hanging lichen Usnea. The barren-ground caribou {R.
arcticus} of Loday feeds largely on lichens and grasses the year round {Hamilton
1939:139). 1In winter, however, it depends on grassees, true mossaes, crowberry,
and bearberry, in spring it browses on willow and birch; and in summer on
various planis including mushrooms. Ovibos feeds moatly through the snow on
grasses, mosses, lichens, and willow (Hamilton 1939:157),

Among the Edentats, sloiths had existed in North America since the Pliocene
and had spread far north from their South American origins, feeding on tree
leaves and the like. QOne species of Megalonyx is known from bede in Indiana and
is thought to have measured 3.6m from head to tail-tip. Another one,
Paramylodon, whose bones were found in Kentucky as well as California, grew to a
gize of about 2.5m in length {Martin and Guilday 1967).

The Perissodactyla also made up gn important part of the ungulates or
hooved animala, Judging by the fossils, Eguus was common in the sieppes of
North America and certain species may have lived in woodland situations as the
tarpan does today in Polish forest preserves. Although seven species of Equus
occurred in the Pleistocene (Savage and Ruesell 1983), all became extinet by
8000 B.P. Species of Tapirus and two genera of peccaries were alsc numerous.

Among the Rodentia, the giant beaver and iwo genera of capybara might be
mentioned as important and, unlike others of their kind, were adapted to a cold
climate (Martin and Guilday 1967).

Most fossils of Carnivora have been found outside New England so that we
can usually only guess that they also cccurred there. What is known indicates
that the Carnivora were sometimes specialized predators. One of the saber-icoth
cats, Smilodon fatalis, preyed on large, slow-footed mnimais, perhaps sloths,
although there was a case of a wolf's skull found with a saber still stuck
through it {(Savage and Rusaell 1983). Another smaller saber-tooth cat preyed on
young proboscida (Martin and Guilday 1967). Species of Felis, Lynx, and Leo may
alao have occurred in New England. The larger cats and bears were probably at
the top of the predator hierarchy. Two genera of hears, Arctodus and Tremarcios
lived throughout the Wisconsinan epoch.

Several writers have tried to sort out this mammalian array into geograph-
ical regionsa. Recently L. Martin et al (1985) have proposed a number of faunsl
provinces for North Americe in the late Wisconsinan epoch for the time after
25,000 B.P. One that concerns us here is the Ovibos faunal province with R.
tarandug (caribou) and Dicrostonyx (a lemming) as common epecies. This repre-—
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sents the more northern of the two northeastern faunal provinces and bordered on
the ice gheet to the north. It algo includes mammoih (Mammuthus spp.), wolf,
fox, and bear. The second province is that of Symbos-Cervalces and includes
Sangamona {fugitive deer), Castoroides Ohioensis {giant beaver), and Microtus
xanthognathus {(vole). Other geners in this second province also include Mammui
(mastodon), Megalonyx (sloth), Martes (martin), Arctodus (bear}, Tapirus
{tapir), Equus (horse), Platygonus (peccary), and Bootherium {musk ox}. Speciea
of Mammuthus are relatively rare in this second group as eompared to the firsti.
Although there is much overlap, the second province is more southern, but still
within the range of the taiga which then extended to the present North Carolins
northern border.

Widespread cropa of conifer seed along with those of grasses and other
amall plants should have provided at least a seasonal food supply for armies of
birde and rodents. The population cycles of rodents, like mice and lemmings,
have long been the wonder of naturalists. The rodents and birds in turn sus-
tained a number of carnivores, especially species of Canis: dog, dire walf,
wolf, fox, and coyote, Wolves and dogs, of course, can attack larger prey upon
cccasion. Many other smaller mammals as well es reptiles, birds, molluses, and
insects have bean studied for these times.

18,000 to 14,000 B.P.

Around 18,000 B.P. the ice sheet of the late Wisconsin reached iig farthest
advance in New England. Somewhat older dates of 18,500 and 19,4560 B.P. are
given for this by Denton et al {1986). Whichever is correci, ismperatures were
univereally lower ithan today about this time and the unglaciated land surface of
the earth waa generally drier than that of toeday (Peterson i al 1979). The ice
had advanced south of present day Long Island as much as 100km out over land of
the continental shelf and over land that stiretched noriheast as much aa 300km
from present day Cape Cod and the offshore banks (Edwards and Merrill 1977).
The sea war then 123m below is present level (Whitmore 1967). Oldale (1986),
however, gives 100m and maybe half that for glacial times.

The glacier began to recede only a few millennia after 18,000 B.P. as the
climate warmed. We are generally agreed that it did warm; what caused the
warming remains & mystery —— but not for lack of effort to solve it, Recent
theories include volecenic activity affecting atmospheric C0a1 levels (Porter
1986), eccentricities in the earth’s orbit together with certain other factors
including wvariations in atmospheric CO: levels (Schneider and Thompson 1479,
Denton et al 1988), interstellar gas (hydrogen and helium} passing through our
solar system to affect ultraviolet radialion (Paresce and Bowyer 1986), and
solar cycles of radiant energy causing cyclical glacial melting as recorded in
varved deposits (Williams 19B6).

Carbon dates obiained from glacial drift bordering on socil deposiis in the
Great Lakes region indicate that marked ice recession occurred about 14,000 B.P.
in Ohio and about 12,000 B.P. in Ontario {Imbrie and Imbrie 1986, citing
Goldthwaite ei al). Oxygen isotope measurements made from foraminiferan
deposits in the deep mea purporting io measure temperature, have yielded several
different ages for the start of the last melting of the ice sheet. By one such
chronology, a masgive volumetric recesgion began about 14,000 B.P. (Denton et al
198€ citing Mix and Ruddiman),

In gpite of the melting of the ice sheet in southern New England, great
blocks of ice, sometimes covered by glacial debris remained for centuries and
even millennia in wvalleys, lakes, swamps, and ponds. Lingering ice in wvalleys
frequently dammed the drainage so that flood waters carrying debris were forced
to flow on either side of the ice and creale terraces. There is hardly a physi-
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ographic formation in New England that doegs not have some relation to the
affects of the last glacier: rounded hillocks, drumiins, moraines, glacial till,
rock-strewn fields, (ice} crevasse fillings, kames, eskers, alluvial fans,
kettle holea, and huge erratica (Flint 1930). New alluvium has been added to
outwash plains since the glacial times, even in the present century, as shown by
Russell Handsman of the American Indian Archaeological Inatitute.

Cores from bogs and lake-boitoms have yielded evidence that by 14,000 E.P.
southern New England was ice-free while the glacier atill extended into central
Vermont, New Hampahire, and most of Maine {R. Davis and Jacobson 1985). A vege-
tation map of eastern North America (Delcourt and Delcourt 1981) for 14,000 B.P.
shows that much of Connecticut, eastern Massachusetts, and land io the north and
northeast of Cape Cod was in tundra; to the south, mostly over land now sub-
merged, the principal land cover was spruce. Thia was based largely upon M.
Pavis’s {19693) study at Rogers Lake near 0ld Lyme, Connecticut, where the main
vegetation was herbs, shrubs, and small amounts of spruce and pine, together
with lesser amounts of oak {(Quercus) and ash {Fraxinus)., More recent studies
show that poplar woodland had invaded north over much of the eastern part of
Massachusstts and a bit of southern New Hampshire, while tundra covered most of
central and western paris of Massachusetts, most of New Hampshire, and more than
half of Vermont (R. Davis and Jacobson 1985).

With southern New England clear of ice by 14,000 B.P. and maybe even ear-
lier, Paleo-Indians could have entered its tundra and boreal regions. In sup-
port of this idea are signs of human cccupation in the form of charcoal deposits
at the Meadowcroft Rockshelier near Pittsburgh, Pennsylvania, just south of
where the Laurentide ice sheet had come. The charcoal in one sample near the
boitom of the dig dated to 21,380+800 years B.P., 19,430 B.C., (SI-2121)
{Adovarmio ef al 1985). In spite of criticism of the authenticity of this date,
Shutler (1985) strongly favored it and stated that it was high time to stop
ignoring such early evidence for man’s presence. However, as menitioned before,
much later dates arocund 11,000- -10,000 B,P. are generally accepted for the
Paleo-Indian advent.

In the time from 18,0004-+14,000 R.P. the fauna outlined above for earlier
glacial times did not face serious deterioration. Only 3000 years later did
many of the larger animsals become extinct over much of North America (Martin
1967:95).

14,000 B.P. to 9000 B.P.

The extensive tundra, poplar woodland, and mixed woodland (poplar mixed
with spruce and certain other tree species) soon gave way to new plant associa-
tions after 14,000 B.P. Some thirty years ago the time of 12,500 B.P. was con-
sidered to be about the start of the "Pre-Boresl” interval in northeastern U.S,
when spruce, fir, pine, and oak began to take over from the tundra,
Simultaneously the "Allerod Inierstade" waa beginning in northwesiern Europe
{Deevey and Flint 1957). Since 1957 research on fossil pollen and macro-plant
material preserved in bogs and lakes, much of it pioneered by Deevey and his
students, has revesaled a picture of different parts of New England undergoing
changes at different times.

At 12,000 B.P. northern Maine wae still covered by ice. According to Hare
{1976), a large island of it, separaie Ffrom the continental glacier extended
from jusi south of the eastern end of the Si. Lawrence waterway southwestward
toward northern Vermont. At this time central Maine, northern New Hampshire,
and most of Vermont were in tundra (R. Davise and Jacobsen 1985)., In western
Magsachusetis thsre was a very high percentage of non-arboreal pollen (mostly
from herbe and shrubs)later giving way to an open boreal forest with spruce
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predominant so that by 9600 B.P. this land had gone over to a closed boreal
foreat (Whitehead 1979).

In southern Connecticut, M. Davig’s (1976} graphs for 12,000 B.P, indicate
that spruce had not yet peaked. Instead, large amountis of Cyperaceae (sedgea)
and lesser amountis of Gramineae (grasses), chenopods (goosefoots and pigweeds),
Artemigia {a genus of Compocsitae}, moases, Lycopodium, and ferns were repre-—
sented, together with some small amounts of woody plants: spruce; pine, alder,
bireh, and oak (M. Davis 1969). At 11,000 B.P. spruce was predominant with pine
and birch in lesser amounts. By 10,000 B.P. spruce was peaking and associated
with lesger amounts of pine and birch, and by 9000 B.P. the land was being taken
over by pine, principally jack pine, which arrived around 9500 B.P. and peaked
just afier 93000 (M. Davis 1978). Land alsc existed extending northeast from the
vicinity of Cape Cod where tundra and spruce-pine forest cccurred, the spruce-
pine being nearer to the Atlantic Ocean {(Edwards and Merrill 1977). White pine
{Pinus sircobus L.) arrived from the aouth in the latitude of New York City about
10,000 B.P. {M. Davie 1976). Some tiree species are thought to have possibly
survived in "refugia" along the shores of the ocean or on debris on top of the
ice. Most species migrated north ae individual species, not as associations,
following the lowlands and wvalleys.

Estimates of the paleoclimate have been made from the kind of vegetation
that occurred at a certain time, but differences in raies of plant migration,
although very slow, make this difficult. One would expect ihat the light,
winged seeds of pine and spruce would blow readily in the wind to new locations
whereas ihe nut irees depend largely upon birda and mammals or occasional water
tranaport for shorter dispersal distances. Actuzally, it has been shown that
birds and mammals move the heavy seeds farther on the average than the wind
blowg the winged seeds {(Webb 1986). Certain herbs have light feathery attach-
ments to the seeds ihat allow dispersal for hundreds of miles. The early inva-
gion of poplar into New England may have occurred because of the light, fluffy
seed atiachments.

Furthermore, some species are better adapted than others to establishing
themeelves on rugged sands, gravels, and clays left by the glacier. For
example, black spruce is adept at seeding into burned areas from cones thal sur-
vive on fire-killed trees (Larsen 1980:;331). For further on these migrations
see Bernabo and Webb (1977) and Wright (1976).

In spite of the difficulties of estimating climate from plant aassociations
or single gpecies, gpruce should be a good indicator of a cool, moist
paleo-climate, Its resistance to harsh, cool conditions must have depended on
an array of adaptations: branch layering (s common way of reproduction)}; mechan-
ical resistance of leaves, stems, and branches; shallow rooting on poorly aer-
ated soils; root grafting to form mats of many individual trees; remistance to
winter drying and low temperature; quick recovery of photosynthesis in brief
warm periods; and ability to set seed in a shori growing season.

The first evidence for mankind’s arrival into this predominately coniferous
forest and woodland dates from sbout 11,000- -10,000 B.P. (Grimes et al 1984).
One in Connecticut dates te 10,190+300 years B.P., 8240 B.C., {(W-3931) {(Moeller
1980). A date from the Bull Brook II site in eastern Massachusetts where fluted
pointa were found ia 8565+284 years B.P.,13C corrected, {GX-6279} {Grimes el al
1984). This date is now thought to be too young and older dates have been
obtained from other northeasatern sites within the c¢a 10,000 - 11,000 B.P.
range,

Many of us have accepled the idea that Paleo-Indians were predominately big
game hunters. However, new excavation techniques which recover such things as
seedr, Buggesi that they were hunter-gatherers of all kinds of plant and animal
food along the waters where they camped (Moeller 1984). There is now no doubt
that they hunted caribou; evidence for this has been found from Michigan to
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Massachusetts (Funk 1984). Funk concluded that the caribou was a basic source
of protein for the Paleo-Indians although general gathering supplemented their
diet,

The question of wheiher or not ithe Paleo-Indians brought about the mega—
faunal extinction around 11,000 B.P. has been debated for at least 30 years. If
fire had been used to drive game as ig indicated by finds of Paleclithic man's
activities in Europe, the Palec-Indiana could also have used fire and affected
the wvegetation. But in the Northeast, we have no proof of this in the form of
charcoal deposits over broad areas {(Moeller 1980}). Also Guilday (1967) poinisd
out that fire could even have benefitted certain kinds of vegetation which then
seaded in, or like the poplar and grasses, could spring up from roots.

Martin (1967:76) has long favored the idea of 8 wave of megafaunal extinc-
tions brought about by human hunters. In central Africa pygmies, wielding only
speara, are able to wound an adult elephant, then follow it until it dies. But
the elephant population there is declining as a result of several other things:
drought, loss of range to cattle farming, and modern {firearms. Martin
{1967:95,chart} concluded that the main wave of extinction of Mammut, Mammuthus,
Paramylodon, and Equus cf complicatus did not occur until 11,000 B.P. and the
mastodon may have Hved a little later. In faect enclaves of relict animala may
have survived into mid-Holocens times, but proof of this is lacking. Martin
alao pointed out that the Clovia fluted point hunters pursued the mammoth for a
gshori time in western North America before they were replaced after 11,000 B.P.
by Folsom point hunters who killed bison (Martin 1967:97). The principal mega-
fauna apparently survived no later than 10,000 B.P. and maybe no later than
10,800 B.P. {Meltzer and Mead 1985}. These datea barely overlap the recorded
arrival of humans in northessiern North America. If we accept the Meadowcroft
Rockahelter datea of around 21,000 B.P. as those of occupation sites, then the
overlap ise considerable. Recenily in a swamp in Geneaee County, northwestern
New York, bones of mastodon, wapiti (American elk)}, and white-iailed deer, as
well as those of passenger pigeon, caribou, elk, raven, and condor dated fo
10,450+400 years B.P.,8500 B.C., {no lab number given) have been found.
Cultural remains included a Clovis point and a bifacial flint knife or scraper;
the point found with elk bones, the acraper 20cm above the mastodon bones
(Steadman el al 1986).

Other possribilities for the cause of extinction in which as many as 32
genera of large mammais disappeared in a remarkably short time {Meltzer and Mead
1986) include disease and habitat deterioration. In both animals and planis,
disease can follow severe atress brought on by drought, cold, heat, inadequate
minerals or certain other shortcominge of the ecogystem. Cyclic changes (from 1
to 10 or so years) in mammalian populations in our own time are an established
concept and go on in the bhest of times. Climatic changes could also have had an
ill-effect on animal mating habits and thus on reproduction {(Slaughter 1967).
Great dust storms were at one time thought to have caused the extinctions
{Hamilton 1939:25)}. Thia is not at all a ridiculouas notion when we consgider the
vagt loess deposits in Burope and Asia associated with the melling of conti-
nental glaciers. Much of New England’s loeas blew off to sea. However, a loess
deposit ise known that rests on top of a Palec-Indian site in the Upper Delaware
River Valley {(Dent 1986). High summer temperatures could also have been a
problem for such animals as the woolly mammoth and the musk ox, The latter can
suffer severely from temperaturaes over 50* F (Bergman 1986).

A widespread die-out of grasses and other tender annuals could have prs-
vented the mammoth from storing enough fat to survive the winter. In favor of
the changing habiiat theory, two genera of proboscidians became extinct toward
the end of the lower Pleistocene and as many as nine genera died out at the
Pliocene-Pleistocene boundary (Dragoo 1979), long before mankind was on the
gcene. Martin (1967:81) tells of other such extinctions before the Wisconasin,
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We can reasonably asaume thai the boreal forest invasion into moat of New
Engiand between 11,000 and 10,000 B.P. (R. Davis and Jacobson 1984} seriously
reduced the kind of food palatable to certain of the large herbivores. But why
could not these animals have simply migrated farther north shead of the
encroaching forest?; a question asked 40 years ago by Hibben (Martin 1967:87).
In the final analysis it seems to me that the Paleo-Indians brought those
animala to extinction that were easily hunted when they were already under
stress from a diminished food supply. With increased competition from more
adaptable animals and no inherited fear of mankind, they fell easy prey to
Paleo~Indian hunters who worked in groups and either drove them into awamps and
traps or 8o wounded them with spears that they died later.

Great numberg of masiodon and mammoth bones have been found by fisherman
over the years off the East Coast extending from Cape Hatteras to a little
heyond Cape Cod {(Whitmore 1967). Teeth and other bones have been recavered from
at least 40 sites on the continental shelf. Mastodon remains are more common
than those of mammoth and both range in chronology from 11,465 to 8130 B.P. with
the oldeat found on George's Bank off Cape Cod, the youngest south toward
Delaware. Several memmoth species occurred; one northern, one southern, and one
apparently intermediate. Remains of horse, tapir, musk ox, and "giant moose"
have been found, sometimes at depths of up to 120m (Whitmore 1987).

Around 10,000 B.P. the continental glacier in eastsrn North America had
shrunken enough to leave the Gremt Lakes much as they are today, although
another lake about ihe size of Lake Erie still survived in the St. Lawrence
Valley, draining tc the northeast instead of down the Hudson River. Tundra at
this time was largely limited to the region along the ice front in Canada, with
the excepiion of a large paich of it in Central Maine (Delcourt and Delcourt
1681).

According to R, Davis and Jacobson (1985}, northern Maine was in mixed
woodland at 10,000 B.P. with a few patches of it in the mountiains of Maine and
New Hampshire, while a forest of paper birch, poplar, jack pine, red pine (Pinus
resinosa Ait.) and fir (Abies balsamea (L.} Mill.) exiated most everywhere else
in New England. At Moulton Pond, Maine, there was a marked change al about
10,500 B.P. when jack pine gave way ito white pine, the latter reaching 2 peak
about 9200 B.P. Meanwhile al thiz site &pruce declined io very low levels at
13,500 B.P. and arboreal birch repiaced dwarf birch {R. Davias st al 1975}, At
Rogers Lake, Connecticut, spruce and pine were still predominant at 10,000 B.P.
with lesser amounts of alder {Alnus), small birch (Befuls), poplar {Populus),
oak (Quercus), and ash (Fraxinus); fir and larch (Larix) occurred in smaller
amounta as well (M. DPavia 1976). Hemlock (Tsuga) did not arrive in substantial
quantily at Rogers Lake for another 1000 years. Beech {Fagus} reached a peak
about 4500 B.P. having been present in much earlier times. Following 4000 B.P.
hickory increased markedly. Oak was present in small amounis at Mouiton Pond
from as early as 13,900 B.P. and intermitiently thereafter until 10,500 B.P.
when it gradually increased tc about 5500 B.P., declined to nearly nothing at
2500 B.P. and slowly rose again to the present (R. Davias at al 1975),

About 10,000 B.P. a conifer-hardwood forest (the hardwoods being broad-
leaved deciduous trees) gained a firm footheld in southwestern New England.
This association had been confined at 14,000 B.P. to the latitude of central
South Caroclina in a band extending west nearly to the Missisgippi River. The
birches that arrived in this group were probably white birch (Betuls paspyrifera
Marsh.) and gray birch (B. populifolia Marsh.}, and somewhat later, yellow birch
(B. lutea Marah.) {(Delcourt and Delcourt 1981; R. Davis and Jacobson 1985).
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Around 8000 R.P. a number of remarkable events oecurred in southern New
England. Omne of these was the rapid decline of spruce and of the smaller popu-
lations of fir and larch, whils hemiock and oak incrsased dramatically. Red
maple {Acer rubrum L.), sugar mapie (A. saccharum Marsh.} and chestnut {Castanea
dentata Borkh) also made an appearance about this time (M. Davis 1976). From
9000 B.P. on, cak dominated the polien percentages at Rogers Lake up nearly io
the present (M. Davis 1969). Furtiher north at Moulton Pond, Maine, however, oak
percentages reose from 10,000 B.P. until 8000 B.P. then declined until aboui 3000
B.P. {R. Davia ef al 1975).

9000 B.P. was also the time of the beginning of ithe Hypsithermal interwval,
marked by increased warmth (Deevey and Flint 1957); it was also the beginning of
the Archsic period in Connecticut marked by m change from fluted to bifurcate
and certain other kinda of points (Lavin 1984}, An earlier date of ca 10,000
B.P. is given by Dincauze and Mulholland {1977} for the beginning of the Archaic
and a warm, dry period may have begun at 10,200 (Denton et &l 1986). Not much
isz actually known about the Early Archaic in New England (Lavin 1984) and the
points from that period are usually oniy surface finds (Moeller 1984). Although
the Hypsithermal was mostly warm and dry, small glacial advances in the world's
ice sheets occurred at 7300, 6300, 56800, 4800, 4500, and 3200 B.P. {Dentonr et al
1986), These times can be compared to sea level declines given by Fairbridge
{(Varge and Vargo 1986). Hia data show that a decline in sea level occurred
about 6400, a large one about 4400 and a double dip around 3000 B.P., recovering
shortly afterward to near present-day levels. Recent research reviewed by
Searle and Woods (1986) indicates much smaller fluctuations in world sea levels
than those shown by Fairbridge.

A gradual decline of white pine from 8000 — 7000 B.P. at Rogers Lake
indicates a warmer and drier forest environment. This climatic change is also
evident in the expansion of the prairie eastward between 9500 and 7000 B.P.
{Bernabo and Webb 1977). Rising sea levels, shown in Fairbridge’s data from
about 7400 B.P. with a few minor dips to about 5600 B.P. when it comes nearly to
present-day levels, iz an indication of a continued warm interval. However, sea
levels have risen about 3m in the past 3500 vyears, rising at .86mm per year
{(McWeeney 1988 citing Bloom). The filling of Long Island Sound and the change
in the southern New England cosst line can be compared with the northward
progress of oak on maps by Dincauze and Mulholland (1977} for the time from
9000~ -6000 B.P., (Early and Middle Archaic periods).

Foresat composition can be altered not only by climate, but by the depreda-
tions of animals like deer and rodents. As we know from recent times, insects
can be even more devastating. The gradual decline in hemlock from about 3000 to
the presenit could have been ithe result of insect depredation. Butf a more likely
possibility in my opinion is that hemlocik's sensitivity to drought could hawve
reduced it numbers and curtailed reproduction.

The reason why apruce declinad several thousand years ago might be found in
its preaent predicament in Maine wherein the spruce budworm is causing extensive
damage. The budworm is known to thrive in consecutive years of warm, dry
periods in summer (Baker 1972:269). This has been recentiy occurring in Maine
and could have occurred centuries ago in more scuthern locations as the climate
warmed. In this connection it is known that the gypsy moth, the caterpiliar of
which caugses enormous defoliation, is limited to socuthern New England because of
the sensitivity of the over-wintering eggs to cold.

How much the Native Americans altered the environment can only be specu-
lated on. It ise known ihat Mesolithic man in Europe practiced burning and may
have done it to encourage the hawzel (Corylus) for ils nuts. Although the reli-
gion and culture of Native Americans inclined them to protect the environment,
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there is evidence that they did occasionally use fire to clear the forest shrub-
bery {e.g., DeForeat 1851:2) perhapa for hunting purposes or better visibility
in detecting intruders.

Not a great deal is known about the mnimals from 9000 - 3000 B.P. since
bonea survive only pooriy in New England's acidic soils except in shell heaps
with high pH or boga with low oxygen levels. Around 9000 B.P. the forests of
southern New England supported animals such as white-tailed deer, turkey, and
mooge, as well as predators like lynx, fox, and wolverine (Fagan 137B). Even as
late as the 18th century A.D. elk, black bear, mountain lion, wild cat, timber
wolf, fisher, otter, beaver, wild turkey, and passenger pigeon could have been
found in the hilla of western Pennsylvania (Adovasio et al 1985).

The broad-leaved deciduous forest that followed the boreal forest somewhere
between 10,000 and 9000 B.P. in southern New England should have had a greater
carrying capacity both for these animals and for mankind {Ritchie and Funk
1871). Between 8000 and 6000 B.P, (Middie Archaic} well-established communities
of hunier-gatherers ocecurred in New England and their activities anticipated
subaistence patterna that followed in the Late Archsic {Dincauze and Mulholiand
1977). Around 6000 B.P. at the beginning of the Late Archaic there was an
increased gathering activity, the use of food atorage, and increased trade
(Pfeiffer 1984).

The arrival in large numbers of broad-leaved forest trees not only provided
food in the form of nuts, and sometimes lodging for many kinde of animals, but
gave humans betier materials for their daily living. For example, white birch
bark was used in canoces, containers, and hut roofs; elm, tulip poplar, and bass-
wood bark were also commonly used for hut roofs; oak, hickory, and ash wood were
popular for tool handles; basswood inner bark was made into cordage and hickory
wood stirips into binding material; split black ash wood wae used in basketry,
and oak bark and wood for tanning; the sap of maplea and birches was used to
sweeten food; and there was much more probably lost in the past {A. C. Parker
1964; J. Kalin, American Indian Archaeological Instituie).

With the marked recession of the ice sheet, which had exerted ite own
effect in lowering temperatures {largely by means of reflection of solar
energy), warmer times followed 8000 B.P. as we have seen. Ai this time the ice
had retreated well norih into Canada (Hare 1976). By 6500 and into 3600 B.P.
drier times are indicated by lower lake levels in the Midwest when precipitation
was lower than that of today. Thia time (about that of the Lais and Terminal
Archaic) corresponds well to a warm interval when oak savannah as well as char-
conl depogite increased. Afier 3500 B.P. a closed oak foreat became general and
charcoal deposila decreased, suggesting cooler, wetter weather (Winkler st al
1986).

Assuming the Terminal Archaic ended and the Woodland period began about
2700 B.P. {Pfeiffer 1984) in southern New England, then this is nearly the time
of the end of the Hypsithermal outiined by Deevey and Flint some 30 years ago.

3000 B.P. to Present

The last 3000 years have been marked by several small advances in the
world’s remaining ice sheets. These were geparated by warm periods, estimated
from altitudinal riges in Scandanavian mountain tree-lines, where trees give way
to smaller plants. One glacial advance, as measured in Scandanavia, occurred
from 26006 - 2000 B.P., another smail one aboui 1400 - 1200 B.P., and one around
800 B.P, lasting to about a century ago {(Denton ei al 1986). Warld glaciers
have generally retreated during the present century,

Forest composition from 3000 B.P. to the present in New England shows
litile real change although =some botanisie make a case for certain changes in






