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· Several outbreaks of forest pathogens have occurred in North America in historic 
time. The chestnut blight (1904~1950), which virtually exterminated Castanea denttlta, 
has left a clear fossil record. In subsurface sediment from Connecticut lakes chest
nut pollen drops from 7% ·to less than 1% and just above these lev~l!> first birch pollen 
(probably from Betula lenta, a successional species) and then pollen from oak (a com· 
petitor of chestnut) increase in abundance (Brugam, 1975). A decline in chestnut 
pollen can be seen everywhere where chestnut was abundant in the forest. 

A similar phenomenon occurs in sediment deposited 4800 radiocarbon years ago. 
Tsuga pollen declined precipitously throughout the geographical range occupied by the 
species at that time. In New Hampshire it dropped from 30% to 5% within a cen• 
tury. In some regions it reg\ined its previous abundance 2000 years later, but in other 
regions the forest community changed through immigration of new species, and hem• 
lock never recovered full abundance. The synchroneity of the he~lock fall at 4800 
radiocarbon years, at. sites from New Brunswick to Upper Michigan (a distance pf 1500 
km) despite different abundances of hemlock and different forest communities is per· 
suasive evidence for the widespread outbreak of a pathogen on hemlock. The swift· 
ness of the decline and its widespread occurrence argue against climatic change as the 
cas:.tal factor. Neither could human activity have been important simultaneously over 
such a wide region. In each locality, a series of changes in tree pollen abundances 
follow the hemlock decline; these reflect a successional sequence that differed .in each 
forest community. 

Although disease may have pbyed a part in hastening the local demise of other 
tree species at times when climate changed, there is no evidepce elsewhere in the 
Holocene pollen record fqr an outbreak of a paihogen. The elm decline in Europe 
5000 years ago is the sole exception but it is often attributed. to climate, or to human in
fluence because it was simultaneous with the advent of agriculture. The rarity of sudden 
sltarp. declines in pollen abundances over wide regions implies that pathogen outbreaks 
have been infrequent phenomena in Quaternary history. 
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Poilen preServed in lake sediment provides 
a population count of forest trees over many 
thousands of years. The long record shows 
many changes in population sizes, attributed 
in most cases to fluctuations of climate. The 
influence of human disturbance has also been 
recognized. Less emphasis has been placed 
on the biotic factors that control popula
tions. This paper describes evidence for 
one biotic factor, the outbreak of a pathogenic 
organism. Several outbreaks affecting dom
inant forest trees are known from historic 
time in North America, Of these the chest
nut blight, which virtually exterminated 
Castanea dentata between 1904 and )950 A.D., 
is particularly well displayed in the sub
recent pollen . record (Anderson, 1974 ; 
Brugam, 1978). A siini1ar pollen sequence, 
involving hemlock· ( Tsuga · canadensis}, occurs 
in sediment deposited · 4800 years ago, im-

plying an outbreak at that time of asimilarly 
virulent pathogen specific for hemlock. 

Outbreaks have apparently been rare· in 
the natural vegetation during the Quater
nary. Nevertheless, pollen evidence should 
be inspected carefully to detect their occur
rence. When an outbreak does occur, it 
is important in depressing the population 
size of the host species for many generations, 
and in setting off a series of successional 
changes in the forest that influence the region
al abundances of all the important species in 
the community. The changes are strikjng 
in the pollen record. They leave a charac
teristic stratigraphic sequence that can easily 
be ·mistaken for regional changes resulting 
from ·changes in climate. The very long 
term record provided by fossil pollen shows 
that host species can recover abundance, 
apparently after a number of generations 
sufficient for the evolution of resistance. 
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CHESTNUT BLIGHT ( 1904-1950) 

The chestnut blight is caused by a fungus, 
Endothia parasitica, which attacks the cam
bium of the host tree. The disease is lethal 
to the American chestnut, Castanea dentata . 

. First observed in the vicinity of New York 
City in 1904, it spreads rapidly to native 
populations of chestnut, reaching southern 
Connecticut by 1913 and eastern New Eng
land by 1920. Anderson's (1974) paper 
provides a map showing the spread of blight 
throughout the range of chestnut in east
ern North America. Chestnut trees were 
common in many areas,. dominating the 
forests. By 1940, they were virtually extinct. 
In areas where chestnut was very common 
the root stock still persists, sending up 
sprouts from time to time. These are 
attacked by the blight within a few years; 
they seldom reach a diameter of 10 em. 
Only a few survive long enough to set seeds, 
and they seldo):Il grow tall enough to reach 
the canopy. 

The abundant chestnut population prior 
to the blight contributed 7-8% of the pollen 
rain in Conn6cticut ; after the blight the 
pollen production fell almost to zero. The 
fall in chestnut is well recorded at Linsley 
Pond, Connecticut, where the sedimentation 

rate has been rapid and where the low 
oxygen content of the bottom waters has 
reduced benthic organisms and consequent 
bioturbation. Pollen percentages in sub
recent sediment have been studied by 
Brugam ( 1918) ; his results are shown in 
Text-fig. I. The chestnut drop occurs at 
29 em. This level is assumed to be sediment 
deposited in 1913 when the blight was first 
observed in this part of Connecticut. Upper 
levels of the sediment were dated by the 
Pb210 method. For twenty years subse
quent to the chestnut fall there was an in
crease in percentages of birch (Betula) pollen. 
Betula lenta is a successional species that 
became common in large openings left by 
the death of clusters of chestnut trees. Still 
later in the sequence, from 20 to 50 years 
after the chestnut blight, oak (Quercus) pollen 
increased. Oak species were competitors of 
chestnut ; following the successional stage 
dominated by birch, they have occupied the 
spaces vacated by chestnut. 

HEMLOCK FALL (4800 years ago) 

Hemlock pollen declines sharply in 4800 
year-old sediment at all sites so far investi
gated within what was then the geographi
cal range of hemlock. In every case, a series 
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Text-fig. 1. Pollen percentages in near-surface sediment at Linsley Pond, Connecticut. Only 

chestnut (Castanea), birch (Betula) and oak (Quercus) are shown, calculated as per cent total tree pollen 
(redrawn from Brugam, 1975, 1978). 
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of successional changes is recorded by chan
ges in abundances of other trees. These 
are different from one region to another. 
In some cases hemlock pollen eventually 
regained its abundance. In these regions 
a rise in frequency began after about 1000 
years and a return to previous abundance 
was attained about 2000 years after the 
initial hemlock fall. 

Hemlock Fall-White Mountains, New Hatnp
shire (Mirror Lake) 

Changes through time in the deposition 
of hemlock pollen are shown with exceptional 
clarity at Mirror Lake, near Plymouth, New 
Hampshire (Text-figs. 2, 3). The lake is 
at 200 m elevation, on the foothills of the 
White Mountains, which rise - to nearly 
2000 m. Hemlock occurs today near the 
lake and up to about 600 m elevation, but it 
is not abundant. It was more common 
before settlement in the early 19th century. 

Hemlock migrated to the vicinity of Mirror 
Lake about 8000 years ago, increasing dra
matically during subsequent millennia. Five 

IIIRROR LAKE, N~H. 

thousand years ago the pollen influx for 
hemlock was 10,000 grains cm-2 yr-1, and 
percentages (20-25%) resembled pre-distur
bance assemblages in lakes from southern 
New Hampshire, 80 km farther south and 
100-150 m lower in elevation. The virtual 
absence of spruce pollen at Mirror Lake at 
that time suggests higher temperatures than 
now. The great abundance of hemlock\ 
also suggests a warmer climate than toda~, 
with forest trees characteristic of lower 
latitudes and lower elevations penetrating 
northward into the White Mountains. 

Abruptly, 4800 radiocarbon years ago, 
hemlock influx and percentages dropped 
to one-tenth their previous values. The 
change is virtually instantaneous. The 
two adjacent sediment samples that record 
the change are 10 em apart and 60 years 
different in estimated age. One can only 
suppose that numerous trees in the forest 
died. 

The decline in hemlock pollen is followed 
by a rise in birch pollen influx and in 
its pollen percentages. This is not a 
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Text-fig. 2. Pollen percentages against radiocarbon age in a core from Mirror Lake, New Hampshire. 
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Text-fig. 3. Pollen influx (net accumulation rate) against radiocarbon age at Mirror Lake, New 
Hampshire. The data are calculated from the same counts used in Text-fig. 2. 

statistical artifact, as the influx data (Text
fig. 3) for each species are statistically inde
pendent. The birch rise is followed after 
about 100 years by elevate!il-· pollen influx 
from beech (Fagus grandifolia.), sugar maple 
(Acer saccharum) and hornbeam ( Ostr__ya 
virginiana or Carpinus sp.) .. High influx is 
maintained for the next 500 years, until 
hemlock begins to recover its abundance. 
Pine and oak also respond several hundred 
years after the initial event. However, 
both white pine and red oak, which are the 
species locally present, are heavy pollen 
producers (Davis & Goodlett, 1960), so the 
change in their pollen represents only a 
small increase in the number of oak and 
pine trees. 

These changes contrast with pollen chan
ges in the last century that record forest 

succession following farming and large-scale 
logging. In post-settlement time birch pol
len has increased, while beech and sugar 
maple (as well as hemlock pollen) have de
clined. The increase of birch and maple 
following the hemlock.decline argues against 
wholesale destruction of the entire- forest, as 
occurred with logging. Instead. their res
ponse indicates a replacement of hemlock 
trees within the forest first by birch trees, 
and then by beech and maple trees. 

Complete recovery of hemlock populatiom 
seems to have taken 2000 years. At the end 
of that interval, the tree pollen assemblage 
wa:s almost identical to the assemblage de
posited before the hemlock crash. 

Pout Pond and Sandogardy Lake are lo
cated 80 km south of Mirror Lake, in a 
sandy region at 100 m elevation. At botlr 
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lakes, hemlock pollen appeared in the 
early Holocene and rose to 25-30 per cent of 
the total pollen deposited in the lakes. The 
species was more abundant there at that time 
than in any modern site that I have yet 
observed. Four thousand eight hundred 
years ago there was an abrupt drop in 
hemlock pollen abundance, to one-fifth 
or less of its previous value (Text-figs. 4, 5). 
The forest succession that followed is very 
different from the succession recorded at 
Mirror Lake. Birch and beech increased 
first, followed by oak and then by pine. 
Oak seems to have occupied most of the 
space previously used by hemlock. This 
forest persisted for nearly 1000 years until 
hemlock began to regain its former abun
dance. 

Again, the succession initiated 4800 years 
ago is different from the postsettlement forest 
succession that has followed large-scale 
cutting of the forest. The modern forest 
surrounding these lakes contains white pine 
(Pinus strobus) as a dominant, with abundant 
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small hemlock in the undergrowth. Pollen 
changes suggest that the presettlement 
forest on these sites contained abundant 
hemlock, which has been replaced by white 
pine. The dissimilar succession 5000 years 
ago reflects the different climatic regime and 
the different character of the disturbance. 
Light, soils and seed availability were differ
ent following the death in situ of hemlock 
than they were following disturbance of the 
entire forest by logging and farming. 

Southern Connecticut (Rogers Lake) 

A pollen diagram from Rogers Lake in
dicates that hemlock was always rare in this 
part of Connecticut (Davis, 1969). The 
species immigrated 9000 years ago, and 
attained maximum abundance 8000-4500 
years ago. It experienced a sharp drop in 
abundance about 4000 years ago. The drop 
is 800 years younger than the drop farther 
north ; the discrepancy can be explained by 
the error in the radiocarbon dates from this 
site. Surface sediments yield radiocarbon 

Percentages vs Depth 
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i , Text-fig. 4. Pollen percentages against depth at Sandogardy Pond, near Concord, New Hampshire. 
Radiocarbon dates are shown to· the left of the diagram. 
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Text-fig. 5. Pollen percentages against depth at Pout Pond, New Hampshire. Pout Pond is 10 km 
distant from Sandogardy Pond. 

ages averaging 600 years ; all dates from 
older sediment were corrected by subtracting 
600 years (Stuiver et al., 1963). The 
subtraction procedure assumes that the 
·proportion of non-equilibrium carbon en
tering the lake has been constant through 

· time. However, the corrected dates all 
seem to be a few hundred years younger than 
dates from equivalent horizons at other 
sites (Pleasant St. Bog, Davis, 1958 ; Red 
Maple Swamp, Beetham & Niering, 1961 ; 
Moulton Pond, Davis et al., 1975). I am 
inClined to guess that the proportion of non
equilibrium carbon in Holocene sediments 
was a little less than in the modern lake and 
that the corrected dates are several hundred 
years too young. This phenomenon has 
been reported elsewhere (e.g. Brubaker, 
1975 ; Karrow & Anderson, 1975) but there 
is of course no way of proving it in this in
stance. In the forests near Rogers Lake 
hemlock at its zenith might have had an 
abundance ofO.l m 2fha. Mter the hemlock 
fall, these trees were replaced mainly by 

beech and oak. Although hemlock in
creased a little a thousand years after the 
hemlock fall, it never recovered its former 
abundance. Quite possibly it was influ
enced by the arrival of hickory (Carya) in 
Connecticut 5000 years ago and chestnut 
2000 years ago. They may have provided 
new competition for hemlock, preventing it 
from regaining its former abundance. 

Upper Michigan 

Hemlock first arrived in the central part 
of the Upper Peninsula of Michigan 5500 
radiocarbon years ago. The arrival shows 
clearly in the C-14 dated diagrams of Bruba
ker (1975) from the Michigamme highlands 
west· of Marquette. The same feature can 
be seen in the pollen diagram from Canyon 
Lake, northwest of Marquette (Text-fig. 6). 
Hemlock declined here 4800 years ago, 
only 700 years after its arrival. Percentages 
fall from 12% to 2%, while influx falls from 
3000 grains cm-2 yr- 1 to 800, a change 
that may indicate a drop from a population 
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Text-fig. 6. Pollen percentages against radiocarbon age at Canyon Lake Huron Mountains, Upper 
Michigan. 

approximately 2.5m2fha basal area (modern 
abundance) to one-fourth that value. A 
similar drop is seen in the Michigamme 
diagrams (Brubaker, 1975), again at 
precisely 4800 radiocarbon years before 
present. At Canyon Lake hemlock was 
replaced largely by poplar (Populus), white 
pine· (Pinus strobus), arbor vitae (Thuja), 
and oak (Quercus). Spruce (Picea) and 
fir (Abies) also increase. Hemlock recovered 
abundance after about 2000 years. By this 
time birch had become more abundant, 
a change Brubaker attributes to the immigra
tion of yellow birch (Betula lutea). The new 
communities were quite different from the 
communities prior to the hemlock fall. 
The forest did not display the resilience 
of the forests of New Hampshire ; instead 
of returning to an initial condition, they 
were permanently changed. 

Other sites 

· The hemlock decline has been reported 
at a number of sites throughout eastern Unit-

ed States. A minimum in hemlock percen
tages in the mid-Holocene was first noted 
by Deevey ( 1939). Although the feature is 
distinctive from a stratigraphic J?Oint of view 
(Davis, 1965), , it has not been dated at 
most sites, and sampling intervals are insuf
ficiently close to reveal the abruptness of 
the decline. Several recently published dia
grams, however, show the feature clearly, 
and radiocarbon dates confirm its coinci
dence within 200 years, which is within sta
tistically defined margins of error. The loca
tions of these sites are shown in Text-fig. 7. 
Additional diagrams that show a less pre
cisely dated hemlock minimum are indicated 
on the map ; diagrams without radiocarbon 
dates from the mid-Holocene are not shown. 

DISCUSSION AND CONCLUSIONS 

The fossil record of hemlock demonstrates 
that 4800 years ago, populations declined 
suddenly-within 50 years or less-to one
tenth their previous size. The decline 
occurred throughout the range of the species, 
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Text-fig. 7. Outline map of eastern United States and Canada, showing locations of sites where 
pollen diagrams show the hemlock decline in sediment dated at 4,800 :±: 200 years (dots) and. sites where 
the hemlock decline occurs in sediment at the appropriate stratigraphic level in undated sediment (x's). 
Numbers refer to publications as follows : I. Livingstone and Livingstone, 1958 ; 2. Mott, 1975 ; 
3. R. B. Davis et al., 1975 ; 4. Richard, 1971 ; 5. Richard, 1973 ; 6. Richard, 1975; 7. Davis, 1965 ; 
8. Likens and Davis, 1975 ; 9. Davis this paper ; 10. Davis, 1958 ; 11. Whitehead et al., 1973 ; 
12. Davis, 1969 ; 13. Spear and Miller, 1976 ; 14. Walker and Hartman, 1960 ; 15. Maxwell and Davis, 
1972 ; 16. Brubaker, 1975a ; Davis this paper. 

an area of about one half million km2 and it 
occurred simultaneously everywhere. The 
only sites that disagree in the age of the 
decline are sites that are subject to error in 
radiocarbon dates because of the presence of 
non-equilibrium carbon. A number of 
causes for the hemlock decline can be pos
tulated. 

1. Climatic change-A change in cli
mate, e.g. a prolonged drought or one or 
more years of severe cold, might wipe out 
a local population of plants. In fact, how
ever, near-extinctions by climate over thou
sands of square miles are reported only for 
crop plants, which are genetically uni
form and are selected to use the entire 
growing season. Wild trees seem to have 
been selected by unusual event~ in the past 
and seldom use as large a fraction of the 
potential growing season as do cultivated 
varieties (Vaartaja, 1950). But in this case, 

there would have to have been a climatic 
disaster great enough to cross tolerance 
thresholds throughout the entire range of 
the species from Michigan to New Bruns
wick and extending south to the central 
Appalachians. A climatic event of this 
magnitude would surely affect a number of 
species. Yet the decline affects hemlock 
alone. The sp~cies was not exterminated, 
but continued to produce pollen at a lower 
rate afterward. Yet there is little or no 
recovery for. a full millenium following the 
decline. Therefore, it would be necessary 
to postulate not a single climatic anomaly 
4800 years aga,,_.but a climatic episode over 
a large area that lasted at least a thousand 
years. There is· no evidence from any 
other climatic indicators of dramatically 
different climatic regimes between 5000 and 
4000 years ago. 

Several paleQecologists have pointed out 
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that vegetation lags in its response time to 
climatic change (Smith, 1965; Coope, 1975). 
Perhaps the pollen record gives a misleading 
impression of gradual rather than sudden 
shifts in climate (Bryson et al., 1970). Al
though there are some rapid increases in 
pollen influx through time, as newly arrived 
~pecies expand population size (e.g., pine 
m text-fig. 8 of Davis, 1969), there are very 
few rapid declines recorded in the pollen 
record. A rapid fall in spruce percentage, 
apparently caused by climatic changes at 
the opening of the Holocene, is the only 
example. The decline of spruce occurs 
within 500 years at some,sites (Ogden, 1967) 
but the event is by no means equally rapid 
everywhere, nor it is simultaneous through
out the range of spruce (Moran, 1973). 
The data given here show this clearly ; 
a sudden spruce decline occurs in southern 
New Hampshire (Pout & Sandogardy) 
but all the other sites show a more gradual 
decrease. 

The hemlock decline is not readily ex
plained as a result of climate. The feature 
is in fact different because of its suddenness 
from the pollen changes that are usually 
attributed to climatic change. 

2. Fire might destroy local hemlock 
forests ; repeated fires might prevent their 
regeneration, selecting for fire-resistant 
species such as oak and pine (Niering 
& Goodwin, 1962). However, there 
are no charcoal fragments in sediment 
from the level of the hemlock decline at 
Mirror Lake. Fire is not a satisfactory 
explanation, because fire would also damage 
beech and maple, which are fire-sensitive, 
but which increase following the hemlock 
fall. In any case, it is ludicrous to imagine 
a sudden and simultaneous outbreak of fire 
over the entire eastern half of the continent. 

3. Windstorms could destroy all the 
canopy trees in a stand, initiating in New 
Hampshire a succession in which birch would 
dominate for several centuries. The 1938 
hurricane destroyed many forest stands over 
a large area of central and southern New 
England ; a change in the pattern of the 
general circulation of the earth's atmos
phere might have increased the frequency of 
similar tropical storms. But this mechanism 
cannot explain the simultaneous decline of 
hemlock in Upper Michigan. 

4. Prehistoric humans can affect forest 
vegetation ; the fossil record in Europe 
documents changes associated with Neolithic 

agriculture. The removal of trees can be 
selective, either because certain species grow 
preferentially on the prime agricultural soils, 
or because certain species possess desirable 
properties, such as leaves that can be used 
for fodder. Still, the probability that man 
was responsible for the hemlock decline 
seems remote. Five thousand years ago 
the region where hemlock occurred was 
only thinly populated by Indians. Most were 
non-agricultural, there were no domestic 
animals, and the disturbance to the natural 
environment appears to have been small. 
Again, the major difficulty with human 
beings as an explanation is that one has to 
invoke simultaneous adoption of a cultural 
practice that involved selective cutting of 
hemlock over a region one half-million square 
kilometers in area. 

However, man has been considered the 
cause of a simil._r declin("' in elm (Ulmus) 
pollen in northwestern Europe 5000 years 
ago. The elm decline occurred within a 
few hundred years of the hemlock decline; its 
cause has been the subject of debate. Some 
paleoecologists have attributed it to pollard
ing of elm by Neolithic agriculturists, who 
might have used the leafy shoots as fodder for 
cattle. Others have attributed the elm fall 
to climatic change, especially a shift 5000 
years ago from maritime to more continental 
climate. Dutch elm disease is the another 
possibility. The alternative explanations are 
summarized by Iversen (1973), who believes 
that the evidence is strong for anthropogenic 
influence. Elm pollen is only 10% of total 
tree pollen in the sediment. It shows a 
sharp decline, however, reminiscent of the 
hemlock decline. Unlike hemlock, however, 
it does not -recover its original abundance. 

5. A pathogen specific for hemlock might 
have wiped out the species. In recent 
years pathogens introduced from other parts 
of the world have spread rapidly and within 
a few years decimated natural populations 
of chestnut and elm. If hemlock was at
tacked by a pathogen in a similar way the 
death of individual trees or patches of trees 
would have opened the way for expansion 
of competing species, bringing about a suc
cession that was different in each region : 
birch, then beech and maple in the White 
Mountains, birch and beech and then oak 
in central New Hamsphire, birch, fir, spruce 
and pine in Upper Michigan. 

At present a number of wood-rotting 
fungi and insect predators attack eastern 
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hemlock, and outbreaks have been reported 
especially in dense stands. Of course hem
lock is only moderately abundant in the 
Northeast now, far less common than in pre
historic time; this circumstance reduces the 
probability of widespread outbreaks. In the 
Pacific Northwest, where hemlock is an 
important timber tree, epidemic outbreaks 
of the western hemlock looper (Lamdina 
fiscellaria lugubrosa) are not uncommon, occur
ring at a frequency of 11-17 years (Davidson 
& Prentice, 1967). The looper builds up 
large populations there in both vigorously
growing and over-mature stands. The young 
larvae appear in June concentrating on 
newly-opened buds, but later instars feed on 
foliage of all ages, chewing on large numbers 
of needles without consuming them entirely. 
The damaged needles dry out and fall off; 
thus a relatively small number of loopers is 
capable of defoliating an entire tree. Trees 
that are over 90 per cent defoliated generally 
die that year. In the fall, moths with a 
3 em wing expanse appear. They deposit eggs 
on the bark and branches of the host tree. 
The larvae are capable of moving to a suit
able tree for feeding; they spread by swinging 
from tree to tree on threads of silk. The 
closely related eastern hemlock looper (Lam
dina fiscellaria fiscellaria) has a similar life 
history, attacking hemlock and also balsam 
fir (Abies lugubrosa) (Davidson & Prentice, 
1967). Pollen of the latter tree species does 
not show a marked decline 4800 years ago, 
however, indicating that hemlock was the 
target of attack at the time. 

I postulate that a sudden outbreak of 
hemlock loopers or similar pests caused the 
hemlock decline 4800 years ago. The hem
lock looper must suddenly have been intro
duced to hemlock populations which had no 
resistance to it; for example the western 
variety might have suddenly reached eastern 
hemlock populations. Alternatively a micro
evolutionary change suddenly freed the 
looper from parasites or predators that had 
previously held the population in check, or 
suddenly adapted it to a new host: hemlock. 
The epidemic decimated the hemlock popula
tion throughout the range of the species and 
held it at a low level for 1000 years, until 
the hemlock developed resistance or the 
pathogen lost virulence, or a larval disease 
evolved (such as now occur) that controlled 
the pathogen. At this time the hemlock 
increased again. In some communities, the 
original species frequencies were restored; in 

other communities, immigrations and clima
tic changes had changed conditions suffici
ently that hemlock could not achieve its pre
vious abundance in the forest. 

Direct evidence for a pathogen is lacking. 
Direct proof would have to consist offossilized 
insects or fungi or fossil hemlock needles 
showing evidence of predation. The chance 
of finding corroborative evidence of this kind 
is remote. Ho~ever, a pathogen provides 
the mostpl~usible explanation offhe hemlock 
decline; it fits with all the evidences. A 
prehistoric epidemic raises a number of 
interesting questions. Outbreaks of patho
gens among forest trees in recent years have 
occurred because pests were introduced from 
other continents; local populations had no 
resistance. It is difficult to explain a similar 
introduction of the hemlock looper 4800 
years ago. If it was a chance occurrence, 
it was highly improbable. Perhaps this 
explains why the hemlock decline is the only 
pollen change in the American Holocene that 
suggests an insect outbreak. Other declines, 
such as spruce pollen in southern New 
Hampshire, lack the regional extent of the 
hemlock decline. During the last glacial 
period hemlock must have lived in small 
populations somewhere in the southern 
Great Plains or the plateau region just to 
the west of the Appalachians (Davis, 1976). 
Insect predators specific to hemlock must 
have existed in small populations too, unless 
they switched to another host. Between 
I 0,000 and 5000 years ago, hemlock spread 
northward rapidly, at a rate averaging 
200-300 m per year. Conceivably in its 
rapid expansion northward hemlock outran 
some of its predators, developing a large 
population that had not been selected for 
resistance to them. Once the outbreak had 
occurred, a thousand years were necessary to 
develop a resistant strain of hemlock. Alter
natively, a thousand years passed before 
parasites on the pathogen:c agent brought it 
under control. The presence of controlling 
mechanisms in modern populations must be 
assumed in order to explain the freedom of 
eastern hemlock today from pathogens in 
epidemic proportions throughout its entire 
range. 

Additional examples of pathogen outbreaks 
should be sought in the fossil record .. Pre
occupation with climate as an explanation for 
changes in tree communities through time 
has made us neglect alternative explanations 
for events reflected in the pollen record. 
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The hemlock decline is a major event in 
regions where hemlock was ~bundant, as in 
the vicinity of Mirror Lake. The change in 
abundance of hemlock pollen dominates the 
stratigraphic record there, governing the 
changes in the forest detectable in the 
pollen diagrams for a period of 2000 years, 
one-fifth of the time interval during which 
the landscape has been forested. 

This work has been supported by the 
National S'Cience Foundation. 
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