HARVARD UNIVERSITY
HARVARD FOREST
PETERSHAM, MASSACHUSETTS
L15.A. 01366

TR

I

B
Area Cope 61+

724-3302

April 27, 1987

Mr. Wilbur ¥. LaPage, Director

Division of Parks and Recreation

Department of Resources & Econ. Development
P.0. Box 856

105 Loudon Road

Concord, New Hampshire 03301

Dear Wilbur,

The last time David Foster, ecologist on our staff, took a group of
students to our Pisgah tract he found one of your cards on the vehicle.

“8ince then he has had a chance to-talk with John Twitchell-and understands = -~

that you are in the process of promulgating new rules for the use of the
park,

When the state forest began acquiring the park land Ted Natti and I
talked over the Harvard holding and its use. We acquired the land back in
the 1920"s before the New England Box Co. started to cut over the rest of
their holdings. The funds to buy it were raised with the understanding
that the 20-acre tract would be set up as a study area to watch the de-
velopment of an old-growth forest undisturbed by man., This purpose seemed
so compatible with the park concept that Ted decided the tract should be
left in our hands. So far some excellent studies have been done that
considerably improve our understanding of long—term forest development.

An example is enclosed and we will send you new publications as they
appear. These may be of some help to your people who are interested in
natural development in the park.

Currently, Dr. Foster i1s using the area for studies of succession and
Peter Schoonmaker is doing a doctoral thesis on the land. With all this,
it has been very helpful to be able to have a key and drive as far as the
lake. I realize that this may cause a problem if you decide to keep
inotors out of the park,

I wonder if it would help to allow motor access only for research
work? We would be happy to notify the superintendent before each visit,
I thiok it would also save copfusion among visitors and local residents if
we had some official sign, like "Harvard Forest Research Vehicle," to
display in the vehicle any time it is in the park. I hope it will be
possible to continue to drive part way to our tract as that will save a
good deal of research time.

Sorry to cause you problems and hope that otherwise all is going well,

Sincerely yours,

Ernest M. Gould, Jr.
Assistant Director

Encl.
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Yir Lam

Biotogy 204

S/ 13/87
Professor Fosier

The Reconstruction of Recent Disturbance History in the Pisgah State Forest
Introduction:

' "Hé’nry and Swan's reconstruction of several hundred years of history in the Pisgah Forest
using live and deacl plant material represents ong of the most 3mpertant ecological studies of its
time, Thelr anatysw was confined 1o a one-tenth ~acre square within the 20-acre Harvard
Tract, Thls study attempts to complement Henry and Swan's research partlcu!arly with respect
te the most recant dtsturbances by exarmmng ‘another section of the tract. After species
ldentlflcatlon the omentatmn of fa}len trees was determined and their besal area estimated. A
gmup nf Tive trees were cored to determine’ age and growth patterns The final results of the

study pmwdes mszghts into the adaptwe strategy af vamus tree spemes partlcular?y hemlock
and iheir reactlon to dlsturbance '

Hétebiéfs an'& Héihbds:

Thls study was conducted in late April by the Biology 204 class in the Pisgah Forest of
souihwestern New Hampsmr'e The study sate was consisted of 8 20m x 20m plot in the Harvard
Tract chosen dug to its flat topography and abundance of hemlock. A saller 8m x 8m piot was
constructed in the southwest carner of the main site. In the smalier plot, all trees of reasonable
dtameter (>0.05m dbh) were cored 1 foﬂt fram their base Unti1 a continlious core containing
the center was obtained in each case “One of the larger trees was coredat a height of 2m. Species
and dmmeter at breast halght was recorded for all sam pled trees, and the position of the trees on
the plot was rnappad On the rnam study srte all recagmzable fallen trees were examined, The
omentahon Iength chameter and ccmdmon (upraated or brokan) of the trunks was noted and
their p031tmns mapped in the general area of ‘the Pisgeh Forest, we noticed certain
characteristics of disturbance his’wr‘y, such as fire SCArS, porcupme clarnage remnants of
chestnut ‘and the regeneratmn of bIack bireh on upmnted trunks. '

" inthe laboratory, all the core samples wers analyzed car*efully "Ths rings on each core

" were counted carefuuy several times for a reasoriable estimation of age The widths of the rings

were measured to determine changss in growth rate during the trees' life history.




Results:

Our data is presented in graph farm in the addends. The histograms representing the
orientation of fallen trees and years of esteblishment show diagnostic patterns in both Cases.
Analysis of age versus diameter shows only a vague relationship, but the graphs illustrating
growth patterns are chstmctly correlated at various time periods,

Discussion:

Our results are falr‘ly consistent with the interpretation of the local forest history made
by Henry and Swan, Our analysis of the fallen trees suggests a forest dominated by large pine
with hemlock and some hardwoods in the understory. Henry and Swan ( 1974) estimated that
hemlock was more abundant than pine but that pine probably cleminated the canopy This would
explain its overrepresentatmn in the windthrown sample,

The uprooted trunks were all oriented in a northwesterly direction {approximately
300°-330%) while the broken trunks were randomly oriented  This data agrees with
observations made by Foster (1987); and suggests & severe disturbance by wind, most tikely
the 1938 hurricane. Pme dominates the fallen sample, reflecting its dominance in height and
high basal area in the pre~hur‘ricane forest

Examination of the growth rates cf the sampled trees indicate a significant impact from
the 1938 hurricans, espemally among hemlock, Analysis of the establishment of the studied
hemlock shows no distmct pattern or relatmn to disturbance; but the smal! sample size renders
close examination infeasible. The patterns of growth, however, show significant reaction to the
hurricane disturbance. The rate uf growth among the hemlocks increased drastically after the
1938 hurricane wnhout a 5~ 10 year U‘ansrtion pertod of slower growth {Manssur; cited in |
Foster 1987). There Wwas no mgmf icant cerrelatmn with any other disturbance event.

The cumpomtmn of the forest is probably as diagnostic of its disturbance history as the
growth patierns of 1ts inclusive trees On the plot we examined. Hem}ock was the dominant
spectes in all size classes. There was & single dominant pine in the canopy, but there were no
pine saplings in the area. The success of the shade-tolerant hemlock compared with the
shade-intolerant pine indicates a disturbance that affected the canapy while leaving much of the
understory intact. Pine generates successfully only in open conditions, ie after fire or

51cu3twat1on but cannot compete with understory hemlocks and hardwoods,

Conclusion:
Our study of the Pisgah Forest confirmed previous observetions concerning recent

disturbance hislory but provides tittle additional informaticn on the gffects of such
disturbances.
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' THE EFFECTS OF THE 1938 HURRICANE
ON A HEMLOCK STAND IN THE OLD-GROWTH FOREST

AT PISGAH, NEW HAMPSHIRE

KATHLEEN TREVER
BIO 204, ek Tawid FoSte-
MAY 1987

Please  vehorn o

(via Uﬂi#@rsfﬁ/ Mait)
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In September 1938 a hurricane severely damaged much of
southern and central New England. The area encompassed by this
study, the Harvard Tract of the Pisgah Forest, located mnear
the town of Winchester in southwestern New Hampshire, felt the
full effects of the storm, with up to 70% of?gtanding volume
of wood blown down (D. Foster, to Bio 204). Exposed southeas-
tern slopes and northwestern lakeshores were the hardest hit.
Sharp discontinuities in the extent of damage also occur along
natural physiographic breaks, such as ridges, hilltops, and
lake shores (Foster 1987--unpublished manuscript).

Prior to the hurricane, this region was dominated by hem-
lock and white pine, the latter seeding in after a fire in
1635 (D. Foster, to Bio 204). After the storm, these few
large conifers, highly susceptible to blowdowns, were rephaced

by great numbers of saplings and shoots, mostly opportunists

such as birches and cherries, with increasing amounts of the

slower growing hemlock.

In an earlier study conducted in the Harvard Tracl by
Henry and Swan (1974), disturbance was copcluded to be the most
important mediatcr compositional changes in this forest; auto-
genic succession was viewed as relatively insignificanl. The
twenty acre Harvard Tract is one of the rare old growth stands
still undisturbed by man in central New England, so it secemed
4 reasonalbe candidate on which to study the generalized pat-

terns of landscape damape and stand development following a

disturbance such as the 1938 hurricane (Foster 1987). Evi-




dence of other disturbances was also apparent in a general
survey of the tract; fire scars (from a 1923 fire?), scafs left
by porcupine damage, and stumps remaining from chestnut sal-
vage and absence of chestnut from the present landscape due

to the chestnut blight. The chestnuts in this region were too
large to produce new shoots through vegetative reproduction,
thus accounting for the total remevai of the species (D. Foster
to hio 204). R

Windstorms, however, appear to be the disturbances thgt
most strongly affeet vegetation_patterns in_the region (Cline
and Spurr 1942, Stephens 1955, Raup 1957, and Bazzaz 1983 in
Fester 1987). This study was undertaken to determine the ef-
fects of thla type of dlstutbance (in thls case the well—
documented, both in wrltten records and in photographs, hurrl—
cane of 1938) on an old growth forest. The 19338 hurrlcane |
provides an analog for_strueturel damage from'catastrophic
winds that historically affected such old growth fotests (e.g.
storms in 1635, 1788 1815) (Foster 1987) _

Situated on an exp05ed hllltop and forested with old white
pine and hemlock, the Harvard Tract was c¢s Le01a11y vulnerable
to destruction. The woody debris of the fallen large conifers

: : (Foster l%"?)
is still a major structural feature of the landscapej

A small hemlock stand was chosen.as a”specific study area,
and a 20m. by 20m. plot was ereeted on a fairly level portion
of the stand. The relative positions of downed.stems were

mapped, as well as their species, orientation, and mode of

falling (i.e. broken or tipped-up). A subplot of 8m., by 8m.




was created, and in this area the standing trees were mapped
and their species and dbh were noted. Each of the trees in
the subplot was cored with an increment corer at approximqgely
one foot from the ground. These cores were brought back to
the laboratory for determination of age and growth rate. The
bigger trees, such as the old white pine, provided incomplete
cores because of their large diameter. Growht rings of the
hemlocks were generally easy to analyze under the micrdscope,
but the samples from the white pine and beech in the plot
needed to be sanded (and stained in the case of the beech) for
proper reading.
A

Theplocation of the downed stems is shown in Figure 1,
and as expected, the tip-up stems, immediate results of the
storm, have a preferential orientation to the northwest (Figure
2). The broken stems show no such preferred orientation, as
their falls would be random in contrast to the tip-ups, which
would fall in the direction of the wind. The species of the
downed stems illustrate the forest type mentioned earlier--a
forest dominated by large white pines, of which only one re-
mains standing in the subplot. |

The results of growth rate analysis are also somewhat
predictable. The hemlocks and beech exhibit slow,.steady
growth rates prioxr to the hurricane, and then show relcases
(generally after a two or three year delay) after the hurri-
cﬂ@e with the opening created by the downing of the overstory.
Such delays may be caused by injuries sustained in the storm,

although this was not obvious in studies of the growth rings,




b

or perhapsja confinement or hindrance of growth created by the
large volume (and upward extent) of downed wood. The one white
pine in the sample shows surprisingly little reduction in
growth rate after the hu?ric%?e, but it, too, shows a subse-
quent release around 194@& ; release resulting from a decrease
in competition with other large conifers. This data is con-
trary to the expected result: a 5-10 year post-hurricane re-
covery period of slower growthﬁn overstpry trees, followed by
growth rates exceeding pre-hurricane levels (Foster 1987).

The other trees in the plot yied results more compatible
with previous studies. The diameler of the hemlock#ﬁ aé is
often the case, not correlatable to their ages (Figure.S), and
they show a fairly continuous_pattern of establishment (Figure
2a). The growth rates of these shade tolerant tfees, élong
with the beech, are characteristically.ﬁarked by periods of
little growth followed by periods of rapid growth with the
creation of openings in the overstory. (Figure 4).

The creation of a_hemlock stand on this site also indicates
something about the nature of the pre-hurricane stand. Hem-
locks generally occur in_the:pverstory oniﬁif left as residuals
following disturbance. A minimum initial height of approxi-
mately three meters is neceséary to provide a height advan-
tage sufficient to prevent the_hemlbcks from being overtopped
during the rapid initial growth of hardwoods (Kelty 1986).

Thus the pre-hurricane understory would have been comprised

of relatively tall hemlock saplings.




It should also be noted that growth rates are dependent

on more than the creation of openings. Climatic variations
such as drought, and the proximity of the tree to others also
influence growth rates. Growth rate data should therefore be
analyzed by taking into account several environmental factors.
The pattern of vegetation development in this hemlock
stand followging the broad-scale disturbance posed by the
hurricane offers a variation on the "typical' pattern in which
post-disturbance stand formation begins with the establishment
of fast-growing species sucﬂés birches and cherries. Hemlock
and beech are represented by two groups: those originating
before the disturbance (usually establishing following earlier
windstorms) whidih resurge from a suppressed condition after
the hurricane, and smaller saplings which established soon:
after the hurricane (Foster 1987). As discussed previously,
shade-tolerant species are usually overtopped by faster-growing
hardwoods and remain suppressed until released by subsequent
distrubances or until death (Oliver and Stephens 1977; Hibbs
1982, 1983 in Foster 1987). Because the pre-hurricane under=-
story was composed of relatively tall hemiock saplings, the
opportunistic hardwoods were given little chance to establish.
The stand thus formed is of comparitively homogeneouj
composition and at the peak of autogenic succession, as the
hemlocks and beeches will be undergrown only by others of
their species. The development of a stand following distur-
bance is therefore dependent of factors such as the composition

of the original forest and the differential removal of species




and height classes by the disturbance (Foster 1987). The nature
of the disturbance is also a major factor in the stand type
formed. The present absence of the white pine, for example,
is probably;due to the absence of firé, as seed sourceé are
still present for regenerafion. -

The mdsaic 1andséape of the Harvard Tract, composed of
such stands of hemlocks and stands of faster-growing hardwoodds,
stresé?fhe;importance of aisturbance in the vegetational devel-
opment of ﬁhis region. The selective actions of disturbance
along expoéure gradients, combined with préviqus stand history
and compositiog at the time of the disturbance and climatic

(Fostes, 137
factorsgf, have led to such varied development patterns,




I] d-= HAm

5

Fure | R

4

of Droned Sl

L}

pie

SRR Z R

Jd=. 5
by
Jd- s
b :\1?
=19
L5
5) ds
b=y
") 4%.5

pian

37 bowwn
ping

e bk
heanlock,

U6t broken
pirn

3!7" h(dud-\

AR

hotgdd 2T Yl

N4 17
k132
A d- 14
ko2
% de 27
Wl

"’) d= 1%
k=7
9 dz.40
h="o
% 4 36
L=17
) 4- %
-t
Mg,
h- 1.6

'ﬂ_{-_--[f-{

¥ h32
4=

R M4

[ XV
03 Sloen
pr'r\l.
MO Ypun
fras
17 bloen
poe
e ;(UV&
p.‘:\ﬁ-

ECE N avs-h .

S:f'\'-L
393 fakem

pene

Wrss 39 Hown

Un{:«.w\

L1y Wy Yoemn

N

At

L ':3.-( '595' 5(0—&

(TS
yﬂ""‘k‘
h’ J-' '.{)‘ "'e‘“

b2 30 e Hn
1}
4= oy [1.'~l.
hot4d 05° baken
"‘],l: £l R
h=50  for bloen
1) d=.,72 wnbrie
hely v Houm
M hed  cnboen
WHT T Sl
YWy s
W<3b 3 blown

<

: -{ (ce o beg ) '\”}L‘}




Gnu Wit
E’.rd‘?? : ¥

a4

:GVMTF: Rabes

Aol D !r;.w ﬁ%/a«kﬁ s T’fr.rﬁ Pram Oy Eym ;Fu [‘rf f?"’?“ é

if,m jo&k { -

“HemlceTa T

b ezl Tz — Hembodd | sf




IS N
e 5
B L Ca RIS PR LT T R P
i
g

~ of Falln Theay

Or.;j.;\

(/] Widhn
Broben

NSNS

E\\\

Oranhition (t157)
{dogrens mln*\'r.)

l&tl‘j b-{: gj‘\‘z“;LM‘l'

d -
Moty q ﬁ]{ﬁ. @ﬂ(ﬂ‘usj
"—‘J“J 5/2.».1'];{-}.

A U o

k3 3]

tiw 177y

5
Yoo -




{
'-.

Rnaal  foith Pty |

S v5
' P Fqure s
T Yy cengdonsds ’}?Mi :

—~

»,
e




X

e (4§




) “ijie,;}bé.kw}’é o

e L s = el )

s 945 1175 /Y




LITERATURE CITED

Foster, D. R, (1987, unpublished at present), Disturbance
history, community organization, and vegetation dynamics

of the old-growth Pisgah Forest, southwestern New Hamp~-

shire, USA. Harvard University.

Henry, J. DP. and J. M. A. Swan. (1974). Reconstructing forest

history from live and dead plant material--an approach to

the study of forest succession in southwest New Hampshire.
Fcology vol. 55, no. 4, pp. 772-783. b
9y _ .
Kelty, M. J.j\Development patterns in two hemlock-hardwood stands

in southern New England. Candian J. For, Res., vol. 16,

,...\’2_.._,



Weones deay M 12
_.DUQ,\: A e

lwas vnable ro g€ the SR “(Q’W\ 1 he f)\jc[o\l/;
weekend yntl 273074 s cofreneen . Lwene e
e W labs (wWheve troves suppesenmbe) and rris
4 et N&LWL\ - Q\MU\'{*\ {‘-ec..g'vuf/\ﬁ e I“’c)f/u-k.ri ot
2ooem, Conge \»@vv%’b\«(i‘\’{/\% RN ]OCJQQ}OH
pued = Thie — DWong i fo rmedtonm Crenfin, [Toves fhe
bwﬂ’“ \ f«au\f) Jo mwia ol e “\W\{

l@(,/Lo @,} fi'*“,(&WL T»MS T WI& e VLWC{/\
-WMM ! L‘@ sy b““‘\wwmw Fevty ol
2oloqy’ owtg 4 sle cnd race ol | lecimes
b Descd 1 frrmotion b fotesocsloy, 1y was
i Wc’f(émﬂe af%cfmgﬁ 16l P35 PeC FLUe fyom gy 3ol (o SE S

rms’(,)‘ﬁ f rf[‘o v ‘;\/f’!rz Ve "' \/muféc@%

Reconstruction of a Hemlock Stand in the Harvard Tract
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Abstiracti

Previous studies of an old-growth forest in southwest New Hampshire
(Henry and Swan, 1974) have shown the effectiveness of reconstructing
forest history by thouroughly analyzing a small plot of forest. The resuits of
their study of a 0.04 ha section of forest emphasized the importance of
catastrophic disturbance in the changing vegetational history of a forest.
Two questlions arise from their investigation; first, they show the direction of
windthrown trees to be mostly southwest, but the direction of wind from the
1938 hurricane was northwest; and second, they found that hemlock
changed from an understory 10 an overstory tree afier subsiantial clearing of
the canopy. We analyzed a 20 x 20 meter plot for fallen trees,and an 8 x 8
meter plot for living trees, to substantiate or confute these data. Our results
indicate that in contradiction to Henry and Swan, the majority of fallen trees
lay in a northwesterly direction, and in support of their data, that hemlocks
had a spurt in growth following the 1938 hurricane.




Introduciion

Previous studies of an old-growth forest in southwest New Hampshire
(Henry and Swan, 1974) have shown the effectiveness of reconstructing
forest history by thouroughly analyzing a small plot of forest. The results of
their study of a 0.04 ha section of forest emphasized the importance of
catastrophic disturbance in the changing vegetational history of a forest.

Two questions arise from their investigation; first, they show the direction of
windthrown trees to be mostly southwest, but the direction of wind from the
1938 hurricane was northwest; and second, they found that hemlock
changed from an understory to an overstory tree after substantial clearing of
the canopy. This characteristic of hemlock supports the importance of
examining interspecies differences in growth, germination, and spatiai
distribution within a forest, since their use may give a more complete

picture of a forest's history.

Methods

We analyzed a 20 x 20 meter plot for fallen trees, and an § ¥ 8 meter
plot for living trees. Species and orientation were recorded for fallen trees,
and core samples were taken from the living ones. These samples were
glued to small wooden boards, analyzed in the laboratory under a binocular
light microscope, and growth rings were counted. Sequences of rings with
similar growth rates were measured and this number was divided by the

number of rings to obtain approximate growth per vear measurements.




Resulis

Of the observed windthrown trees withing the 20 x 20 plot, the
majority were criented between 3000 and 3400. All living trees within the
8 x 8 meter plot were hemlock (Tsuga canadensis) except for one white pine
(Pinus strobus), and one beech. Growth rates in the hemlocks were small
until 1939 and after, reaching peak growth at 1945. Growih of the white
pine was consitstant until 1850 when it reached a slower rate until the
present, and growth of the beech was fairly consistant throughout its

lifetime.
Discussion

Our data regarding direction of fall for the white pine agrees with
most recorded observations of the wind direction in the northeastern US.
during the 1938 hurricane and brings into question the data presented by
Henry and Swan. The information regarding the surge in growtih in hemlock
soon after the hurricane agrees with the known growht patterns of hemlock
which may maintain a very slow rate when the overstory is covered, but
during clearing it is able to increase rate of growth dramatically. The lack of
a similar observation of growth surges for the white pine and beech agrees
with current information about their growth, since the white pine, which
does establish and grow in low-shade areas, did not increase its rate after
the hurricane since it was already an overstory tree, and beech is not a

shade intolerant species.




Dd=de  pue
B h= Q5. g’ g(aum
| A i
1 h= GG th ‘S[awn
A= B8 pine
h=3§ o bk
q}‘(?rh L.unl,,,j;.
RS e bghen
sl e
he1L8" 3 bl
6] A= .5 fan
hetgd 27T Yo
R Vv\kwwn
hado WY Sown
i Nhett londuck
)‘\‘—*{.’l 0 Y
Va2 4,
MU e

W ds 3y

Mas
R0 53 plaen
9 4= .Yo Prag
=20 3" oo
W 43¢ -
. fras
L=17 3}3‘ L(.u...'.
q) 4{1 36 l(l.‘*\.l.
b~ et 3 Howen
)!\‘- 36 g lon -
i -{'flq 51"‘LL
h ';3',; 3{)‘ tuLu-
) .
d=H proe '
\l\ :S'Y 1‘)‘*) S{'U«-a
o J-: .ur Ur\Lo\ar.-a
- 1y 571 ‘;{M’V\
) % p

AL
L <3 Yoy’ 5{0"“'

e
b 3l g Homn
1) 4= g pa
h=Mt U5 baken
a‘},l: §L ',‘4._ :
h*% 0 or® blen
1) 4=.72 enbrocn
1\71-7 Er P Hoerm
) Az % en brpn
‘ RN B W
My sl
W= ot bln.
Vi d e of bew)eight

R,

T NS T e e % .
g




Ociendation oF Fallan Ve

Moy
RN

Tres 2

Ghlhed

T
Wuranbar A o
S 'L’M)’ b //;
(A 0530m fm /
) /

> 4

4

= ub oqu M2 Mo T Jor 3?0 2 o b 4y
Oranhdion ($157)
(ds-5tans m.y-'\'\a

L&‘fs .:,4: E-S'f?; LSLM+

(Jr.;]f‘\

V7] Wirdthon
Sroben

ﬁ 7.‘&13. @W"‘zﬁsj
hjv; 5/2.».(')[;!-5'

A Q7

i 517 fay

Gar -

s







k)
t;rm¥ pva
beidl 5

.

> 9 T A

Wo F

(ke

e

[ 2]

Y

h31

¥

890




” ,—47, A e / growﬂ?\ Bulﬁf

. 5}&"’ /;{CWI é o .é:s‘ i ’F)_@w '. \
ESMblighye.f o e Sond- . ‘
[.¢

s

i




