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slightly differvent. in the two records: Thus the boundaries

¥ & o
of matching zones do not.always correspond  in time, as shown
’by the fact that a tamdrack peak occurs in CT-2 zone 1 (which

matches CT-1 zone 5) but occurs iniionérﬁ-bf the CT-1 record.

Some substantial differences occur within individual
taxon records, showing the danger of inferences based on

sirgle values in a spectrum. - In the CT-1 record, beech's
[ ! ; , - . R r/“
iﬁitial appearance od¢curs as an abrupt increase to its .

-

I

max1mnm aﬁundance followeékby’a decrease. The CT=-2 P&CCPG,
however, shows a muah less explosive increase at the beginning

of beech's record‘ Slnee samples in both cores are taken 80

a

A

far apart, it is possible in suth cases as this that both

-

records give.tfue abundaneces of the taxon conceérned, but that

» large short-term abundance fluctuations occur. v
/

z

Geﬁgnaily,correspondenoe between the two recgords is good

and most taxon records match very well, ewen in finae details.

o +

The only really puzzlmng dlfferenge occurs between” the tops

of the two prcflles for plne. In zone 10 of CTnl plne in-
\

" greases substantlally while in the aorrespondlng vone 6 of \

. ]

By . %

CT-2, pine decreases. . ' s

-

. L
L

- - ] ' ’
Both: the ¢r-1 and CT-2 cqpes were taken from the deepest |
|

.part of Curry Pond's basln, no more than 15 metres apart. A

bl ®

study of the varlatmons oceurring in pollen spectra from
+ :. ! ! ) ®, ‘ %
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diffevent parts of lakes may be founﬁ in Davis'§3 al. (1969).

L3

Important phy51ographlc differences ex1st between Curry

Pond and Duck Lake. Duck Lake lies at-a lower elevation than

Curry Pond, 15 m versus-20 m, and is closer to the ccean--
only 600 m sgﬁa;ategﬂbuck Lake fﬁam Eel. Lake, 'which connects
with a complex series of channels, bays, and tidal flats
1eadi;g to the open sea. The effects‘of»these differences
on local Vegetatlcn are eV1dent both in the‘mcdern forests

surrounding the two lakes (see Chapter ) and in the pollen

»

records (figures 3.4,,3.5 and 3.6)., Im section 1.4, it was

3- . L7 » -
noted that spruce and fir were more prominent in the area

around Duck Lake. Thése differences can be seen in the °
pol%sg'records too. While spruce ébundances in the Duck
Lake'record are only marglnally higher than in the Curry Pond.
records, the fir abundances at Ducgk Lake are about thce as

high at most levels. Slmlhar dlfferenees 'can be seen in

- other taxon abundances as 11, espe01ally in samples from

levels higher than 3 metres in the Duck Lake core: oak, elm;

birch, aider, and herbs all have visibly higher abundances

¥

thfoughout the upper parts of the Duck Lake ‘core than they
do in either Curry Pond core, and maplé‘and hemloék abun-
dances are lower. All of these differences are éoqsistan%

with the idea of a more rigorous coastal climate at Duck ,

'Lake restricting the growth df some species while favouring
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others. ' The biggdst differences occur near the tops of the

records (rememberiné that the top 20 cm 'of CT-1 are missing). .

toe

X

This 1is don§iétent with the‘factutyat rising sea-levels in
the past few thousand years mﬁst hgvé made . environmental
differences between the two sites greater as:the sea
encroached onto dry land cloger and clésér to Duck Lﬁkef‘

Correlatlons between spectra of the three cores (see. appenalg

.3) 1ndlcate that the Duck Lake assemblage zones*(Dl*Dsf match

best with Curry Pond assemblages as follows:

D1 aCT-1 zones 7 and~8; CT-2 zones 3
D2 CT-1 zones 8 and.9; CT-2 zones 5 and 6.
D3 CT-1 zone 103 CT-2 zome 6.

Dh No match.

- 3

b5 No match in CT-l; CT-2 zone 7.

The lack of a match for zone D4 suggests that Du

represents a period, of disturbance (or may simply vesult from

&

an abnormally high fir<p6unt).

&

. Most major horizons in the two lakes' records appear to
correspond ‘though there is not the same matching of fine -

details th?% the ,two Curry Pond records possess. In general,

% -

the matching of taxon horizons agrees with the zone matches

. . A o e N
and only a few major differences are to be seen: Duck Lake's



tamarack®curve has no significant peaks in it at all,
ialthough thé zone matchiﬁg’indicafes'tﬁat one should occur
in ione D23 the major rise in oak abundance in zone D?*doés
not ocecur in the cofﬁesponding zone 7 of the CT-2 recard.

These and other similar differences may simply result from

random count variations or could represent different com~

munity responses to c%inging environmental'cqnditions.

Since major widespread community changes at lakes so

close together should occur almost simultaﬁeously; it is . o
reasonable to suppose tﬁgt the langest zones in each record
(zones DS, CT-1/9, and CT-2/5) should ébrrespond with each
+ other. That.this is so for D3 and CT—l/ﬁ is conflrmed both
by taxon horizons and by correlatlons hetween spectra.
prever, the¥correlatlons are much lower than m}ght be
expected and correlations between spectra in D3 and CT-2/5
are not high at all. This major difference:petween conmmnuni-
‘ties 80 close‘together over a long period of étable~climate
ther ghows just how much difference the 1ccal dand;tlcns

LI I‘

can have

fore5t structure. Thls point has great 1mportan<

in the'dlscu531on in Chapter V concerning forest Drlglns..

3 . ~
*

The ideas of sections Y. l and 4m2 can. be used to help

'trace the forest changes that have accuﬁved throughout

b
1 ¢ v
g Ve ——"Y Ll F11



vy

4

. Y
¢ .

¢

Nova Scotia since the end of the last glaciation. By~

. J /_,""' v

comparing the relative times at which major composition
/

ehanges ogcur and by matchlng communities with smmllar

composmtlons at glven times, it is possible to construct

a plcture of the Way “the province's forests have developed.

as

\ .On a much larger scale, methods 11ke these have ‘been
Y used by Davis (1957) to examine late—glaclal climates and
forest changes over the whole of north~eastern North Amerlca
and by Bernabo and Webb (1975§ to trace ch@ng;ng species
dlstrlbutign patterns over the same aréa. - Accounts of the
province's forest history have been given by Livingstone

(1968), Railton (1975), and Ogden (1878a).

Data from all the sites shown in figure 1.1 were ubed
in the reconstruction. The forest origins will be discussed

in detail in Chapier'V and cémmunif§ processes in Chapter VI.
\ " ! 2

14,000-12,000 years B.P, Ice. retreated from - most of

-

e

central Nova $cotié.f Raised sea~levels at firse/leq,yo -
. flooding of now qoastai areas (see section 5.1). By 12,0@0
‘' years B.P.;the sea ﬁad fallen to its pras%nt level aﬁd,
after that tgmé; increasing amounts of land on the coastal
shelf becam& exposed. Residuai ice caps persistéd on South
Mountaln, on tﬂ% Cape Breton Highlands, and Cprobably) ‘on

the Cobequld Mountains. Tundra prevalled on all 1Ge~frae

*

-

areas. Boreal parkland existed in New Brunswick by the end

- ] . h

“ of the period. . .

' -

LI Y



L3

&

- . »

. of agriculture.

12,000-10,000 years BuP. Trees began to invade the prOV1nce
successfully durin® this tlme and it is probable that’ boreal
parkland existed at Curry Pond and at Folly Bog and Silver La

(Livingstone 1968;1seé figure 1.1) by 11,000 vears B. P. The

4

residual ice caps contlnued to shrlnk——ihose on Cape Breton

v

and<on the Capequlds may already have disappeared at the
beginning of_%he ﬁevigd. By 10,000 years ago much of the

province's south«west was also ice-free, with tundra pre-

‘dominating. Isostath crustal rebbund axposed large areas 'of

i
the coastal shelf and a broad neck existed between Nova-

Scotia and Negugrunswick. Byers (1975) places ?hewfi?st
human. ‘oceupation at Débert (near.Folly Bogi at around ll,Gdb
years B;P.‘ waeQér; as Livingstone (1965),ﬁotas,1human
oécﬁp&fioﬁ of the prevince had no visible effects on’ the

fﬂéest'camposition until recent times and the introduction

&

1 . R . - "]

~

1,06,000~8,000 years B P.. A rapld cllmat;c warming ‘ahout \

10,000 years, ago led!to “the fonmatlon cf closed boreal

fcrest almost averywhera in “the province by about 9 000 year

[

" B. P Omly ‘near Southﬁﬁbuntaln (Railton, 1972) and near
H

" Collins Lake was no drganic seﬁlment aacumnlatlng. Forests

¥

,'evevyﬁhere were boreal in naturé, daminat@d“by spruce and

fir. Soon after 9, moa years B.P, the transltion*to mlxed

conxfer~handw9¢d fbrest began at. Silv&w Laﬁ/ néar Hallfax

) . 1 -3
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(Livingstone,1968) and by 8,000 years B.P. ocgurred also
~.at Evéritt Lake, Folly Bog, and,at @illis and Wreck Cove
! Lakes on Cape Breton”IsIand. It %8 clear from the -

detailed record available at Everitt Lake that’ fhis
! N % 1 . N s i ,
-t transition invoived'incre@ses in tamarack, fir,pine, birch,

-
4

K N "
ash, oak, ald elm, a gradual decrease’ in spruce abundance,

N .

I and the first éppeé%anpeé in the pollen record of hemlock
» and maple. According to Ogden (1§65), this transitidn

marks the start of theyhypsithermal interval, ; period, of

Al - & \
warmer, drier climate than at present.

. I . e

L]

. ' ”%,OOOaB;OOG years B.P.,  The transitien from boreal to;‘

" %
l‘&“

¢ mixed conifer-hardwood forest occurs at the beginning of
¢ - . i

L » * " N - = '
the. period at Collins Lake. In most other aveas, hemyock,

- " - . .ok
. oak, and maple all become dominant and beech @ppears.

.

. oo . *
For the first time communities begin to regemble the

! - ‘provinee's'mcdern forests. - Af’Everitt Lake and Curpy Pond
. " the éorést cambosi%isn‘most resembles deciduous forgst,
‘suggéstiﬁg»%erf édrm cénditiéns. After réachigg.its 1owes%
h o levelg'thg~sea begins to rise again and differences =
- e , 2. ) ‘

beccme-appa?eht between the Duck- Lake and- Curry Pond

M L

records. ' . . ) - o d
.4 - N
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"% L0004, 000 yvears B.P. On tﬁe mainland ﬁdﬂghoutathis )

perlod cllmatlc condltlons appear to be wver warm

o
- .

everywhere, although tundra seems to persist’ at Minards
Lake {Rallton, 9?2) until about 5, UOG years B P; In Cape

Bréton, the effects of a probably coaler oli

malnland*become.evmdent*h,at‘both Glllls Lake (Livingstone

b ) 3 .

.

- maplé“ls mnch re@péed*ln abun%gnce, the hemlo X max;mum is -

.

L™

- * 5

very shdrt, and ‘hirch’ aontrzbutif up to 80% © aill po len.

'n ﬂﬁﬂ*é ﬁﬂﬂ years'B P The glow rise bf fzr

c‘t

years B.P, suggeét that “the cllmaxe ‘begins to

- and m01stev_ Slmmlar trends are av1aent in mosit other pollén

records .in the pvovlnce. These“ban&mtlons apb' antly favounr

\ 4 e T

besch which reaches maxmum 'hbundam:e,« almst ev ywhem and

-

for th fmrst time jnm- tha polleﬁwrecords ﬁrom Cape

- +*

P . -

‘tlﬁqﬁﬁp as i 1eated . by major 1naﬂbasea in spﬁuaa abunﬂanc

-

]

at most sztes, letuval effecfs became apparent fter aboit

‘400 years B.P. iﬁ\most records, wath Eﬁpm&&sa& in hon-~ -

s «

-

* arboreal pollan, especiallywxﬁa;gweed ‘(Ambrogfad: .

*
Ty

*

¢

te than on the

~
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- * CHAPTER V

FOREST ORIGINS

. 5.1 - GLACIAL RETREAT

| -

- ¥

5
&

\ At its‘mgximum extent ' the 1&sfvi¢e sheeta formed by
g - c Fied Laurent&de and Harltlme ice, covered all of Nova
, Scatxa, New Brunswmck {Prest and’ Grant, 1969) and coastal

ﬁew England‘as_far sduth as New York. fo~sh0re eﬂ.’loralnes

. , indicate %hé# the last’ ice sheet’ extended at least &5 km \

offshore bn the Scotian Sﬁéif, théugh it probably never .

reachedfas‘far'as,saﬁlé Island (King, 1969). About ia,aob -

14,000 years ago the ice began to recede (Pvest and Grant,

19693» The geueral patternwof 1ts retreat from Nova Scptma'

o -

-

w3 s ShOWn in fmgure 5. 1. - Co

. - .
- . 1

»

” -0 The_séa, flooding in behind fhe'éetfeating ice, covered -
'many ﬁewly,eg@csed coastal areas. It'is thought to have

invaded the Bay cf Pundy at abcut this tiﬁ@ (Pres% and Grant,

S ©18969) and must’ have borderad the dce in places* The CO&STal
3 i shelf was cgaélderably warp%d beeausg of the ice .load =3 that,
- ) whlle sea~levels 13,500 years ago were up. £ 120m abowe their

present levéls in tha centre of the Gulf Of Halna(Schnltker,
s

1974, see Figure $. 2}, they were nevér more than 4 0m higher

’ ’ o

an &t present at ngby’and never hlgher fhan th! mo@ern
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level at Yarmouth (Ogden,l1976b; see figure 5.3).

v By 12 890 years B.P. th; sea had droppeé to its.modern
level in the Gulf of Hazne and by 11,000 years B P. had
fallen a further ng, exp081ng much of the coastal shelf.
Aftef reaching a minlmum about 8,000 years B. ﬁ., sea~levels

; everywﬁ;ve on the coast began te rlse oéce more\as eustatlc

" rise gradually overtook crimstal rebound (see figure 5.2).

{Gpang 51@75)_points out that tilting of the cpastal shelf
occur'red in this process, 'with the axi; éf tilt running
through eastern New Brunswick. The result 15 that parts of
NOVa Scetla have been smnklng fastef*than*ﬂew Bru%swmck,_
ylth the most rapld 51nk1ng near Truro at the hea qf the
*Bay of Fﬁndy. * f

- -

5.2 FOREST -REFUGES -

) "(

J

©

There 'are three pegsible sources for the*planf species

+that iﬁ%éﬁed Nova Scotia as th ial ice rvetmeated: areas

of . New England Beyond the limits of glacidtion, r%fugqs on
. exposed areas Efithe contihéntal éhelf, and lacal‘zed ice~"

free sanctuarles {punataks) within NoVa Saatia,1¢ elf, ¥

L™ 4 wt

It is unllkely that any 1cﬂ~fr&a avegs within| the  *
provincé (if they exiatgd):wera‘;mpwwtqnt sources ¢f tree
'sﬁeciéa.° In fact, ho e;éaé avidence exists for areams free of

iaa thrﬁughout.tha whal@ W;ﬁwanamn p@rmad ané th@ ole .«
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1S 4 % f
MOULTON
- POND
t '
| L | i
iR {  GULF OF.
= MATNE
. Y o)
7 | / " 5
//“" 4 ////7 ,
EORGES by , .
/ BANE ,_ J ISLAND
L L) | ,

Figure 5.3, Banks in the Gulf of Maine (shaded areas),
'loaatlcns of pollen precords (black squares), and range in

. Nava Scotma of Thuja occidentalis (Shaded area wathmn Nova
Scotia) mwLakes (study sites shown by capmtals) (A) Little,‘
(B)Basswcué Raad%(C)CDLLIHS (D)Polly Bog,(E)Carlbau Bog,

. (F)ﬁVERITT ¢G)CURRY POND and DUCK, (H)Minard, {I)Qak Hill,

{IICanopan, {K)Bluff and Silvernr, (L)Glllia,(Wreck Cove}
(N)H:llsboraugh.
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* province, that ccntaln a contlnuaﬁ.~becard covering the Ffull

-

L
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Drury t1969), dlscu551ng the questlon of plant peralstence

N

in ths Gulf Of 8t hawrenae nﬁglon? concludes that dlscont1n~

2

uous, ranges of plants are- more likely a result Qf pes%*glaclal

¢ -
cbanges in VEgetatlon pattefns than a result of plants shel~

terlng 1n 1ceufree sanctuarles. Whlle in §ome areas of the

I . .,

-prov1nce, notably the Cdpe * Breton nghlands, glaCLal strlaer

are, lacklng dr few in numher, Prest ‘and Grant(fgsﬂ) _conclude
that tha araas 1nvm1ved were prcbably centres for local lcea
caps which expanded to~merge with the advanclng Wiscongin ice

sheet. No Qrganlc deposmts have ‘been found anywhede in the‘

- - *

WlSCDHSln period. Buried organlc deposlts on Cape Breton

Island (Mott and Prest, 1987) seem to belong tc an early

-1ntemstad1al perlod and" the youngest date obtalned From

thém is 38,000 years B.P. A pollen veccr&°from soutﬁern Cape .
Breton (LlVlngstone and LlVlngstone, 1958) h&s a ‘date - of -

10, 340 yeavs B P"at a depth of Ukm and a furtheﬁ*Z%m of ., A

4

organlc depasats below that, lndlcatlng that the area must

‘have been ice-free very eavrly. chever, th//preﬁence of

-J”""

tundrarllke pollen asgémblages and low,péllen connentrations

o .

€mostly herbsﬁ birch, and pinhe) in the lcwer sedlmmnts nake

it unllkely that any thees were present eagiigr than 11, GOG‘
yeara B.P. - T e " .

The coa&tal shelf ef Nova Scataa and narthena New  ~ - .
England features a numbar of yanks which must h@#ﬁ been

© ekposed for much of th& p@viod af glaai&l retreat (s8e’

W o~ e
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’ figuré‘S.B).

|=

In fact, if Grant (1975) is right about warping
of the shelf, the banks may_have’been ekposed for much or all’

of the.Wiscensin peprfod. From off-shore moraine patterns,

King(1969) 'concludes that the’;ast ice sheet,, even at its
maximum éﬁtent,,probably.did not éavep the entire Scotian

u‘ "

éﬁéifl Géorges and Bﬁawﬁ Baﬁks, tharefore, could concéivably,
have acted as plant refuges during part or all of the last

glaclatlon. Submerged peat deposits on Georges Bank .

sindicate that the sea there was about 60m below 1ts present
level 11,000 _years B.P. (Emer%z, ngley, and Ruben,lgss)

Spruce cones, plne, fir, and arctmc willow found with a
“humber of such dep051ts, indicate that tree communltles

probably exmsted on the contlnental shelf befone“51gnlf1cant

‘s.

numbers of trees grew 1n southern Nava Saotla.(see chapters

a—

III and IV).

4 &

>

Modern surface samples from Sable Island contain large

¥

amounts of exotic pollen, 1nq1ud1ng maat of ‘the common tree
\ .
taxa of Nova Scotid “End New' England buk no evxdence exlsts K

that traes ever grﬁw on the lsland, whloh must farmerly have .
been conslderably larger hecausa of low&r sea-levels.

- ,
tiny amount of exotic pollen fnund 1n-pea% samplesudatad'at

The

the retreat of glacial.ice (10,908 years B. P D -»Temaamaa

-~

and Mott £19?l}~~ implies “that trﬁes amuld nﬁtthaV% invadad

th@ provinca from the northern part of the Scatian ﬁhalf,

¥ o

*
Pt
[ ]
i

.

» i 1 i 1 -
- M ~ - » L . ' ¥

v
- L LI o “3‘» P r * ,
- N T - - . .
g - .~{‘ N "3‘? L] *
3 . - R
. e, . e £ L
- PETIVE Lo EA ot ’ B
’ T FYAL T A ) a& L. LI . :
5 ' ' : 4.
- - ;’*zn;. v %’Jﬂl b . N PhoE d - ¥ AN
’ * y s Ko 7 b ". ‘-\'!"' -~ - R = ;f”(ue“
yhdu it ; ~ pt
tim % Wf@‘.}r"’i’\p‘ e ] {f Ve n &‘jé‘f‘} R - PCAAN l'li'r._l“ K€ " Y1 :-,L'l“ _*“i
3 o ! > 'R %l lit"? - & et VLIRS i g:}’!-+r e o8 ~¢._‘1;$ h
- ) wie v L} £
Y AN (”"u w gt Ao v ' iR e ¢ L .
oo L1+
: o



-

5.3 PLANT MIGRATION ROUTES | I

L

“e.  QOne of the oldest bolieg‘recofds available from

northern New England and* the Maritimes ccmes‘frcm'Moultqn
Pond in Maine (Davis et al.,1975), which seems to have
started about 13,500 yeaﬁs B.P. The influx diagram suggests

that spruce trees méy have been present there before 13 0go

years B.P. By 1z, éDO years B P*, when the sea had fallen

to its present level, much of the New Brunswick coast was

¥

frea of ipe. Pollen records from Basswogd Road and thtle

’

Lakes appear to ccmmenca at about this time- (Mat§,1975)

e »

The record for Curry ?@nd, near Yarmouth, starts at abbut
the same time tQQ (see chapter ..
.Between 12,000 and 8,000 years B. P.? the land available

for tree growth 1ncreased considerably and was determined by

 the combiﬁéd“éffécts*cf*faillng seawlevels and- local 1ae—

caps. Between about 13,000 anﬂ 10 GOO years B P. minor ice

‘read%énaes‘apparently-oceurred in' several plages» Lee(1959}

E

describés one in,norph?ré New Brunswick and Maine. ‘Davis
et al. (1975) give~inerea§ed elihatic sevérity caused by -
glaclal reaﬁvance as bne possible reason fcr theinr assemblage
fluctuatlons and spruce declina between 13 000 and 10,000

5

yaars ‘B, P. Priﬁr to 12,300 vears B. P. watar may h&ve bean

V'contipuous between Fundy and th& Gulf ‘of St Lawvenee.
i Ldwered, aeamlevelg after 12, SGG .yéars B.P. mean that the.
“Bay of Fundy must. have been much smaller 1n_@&za,-w1th a.

. ve@y broad mnegk joining Nﬂva'aeatia to New gvugmﬁimk; th@é
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opening a wide bridge for plant migrations into the province.

!

> »

e ©. *° The Curry Pond record begins about’' 12,000 years BP. and
1 3 \ -~
the .First tree community appears soon after. The Everitt

Lake record,begins about 11,000 years B.P. and :the influx

diagram indicates that trees were pfesent by lﬂ,?Dé’yéars B.P.._

I

No recdrds‘anywheré in the pfcyincé'showqtreexcamﬁunities

a . . . . , /. . - .

present earlier than at theseé two sites. :Thus the early
"vegetatlon of southern Nova Scatla almost certalnly migrated’

1nto the area from refuges on the coastal shelf.

=y
Frem the assemblages and,ccncentrations of,pollen in the.

r

early sediments at Silveb Lake (neaf.Ha;ifax) and folly Bog
° ~

« (near Truro),; it appears that tree communities were present at .

both sites before 10,000 years B.P. Glacial*rétreat in
; southwest Nova Scotia togk the form of.an ice cap oﬁ South
o — Mountain (Railton,1972). Though thls 1ce cap had dlsappeared
-by- 10, UOG yvears B.P. (Ogden lg?éb), pollen records at none af
the sites 1ﬂvestmgated by Ralltcn staft prlar to that tlma.
Tt ié therefore unclear how greaﬁ an effect‘the ice cap had
;A haltlng plant migvatmons fram,coastal vﬁfuges . However,

/ ‘the very ear1y|date for leSt tree appearanaes at Curry Pond

',and the fact that large areas Oanran Bank and on the south-

west coast of Nova Scot must have prov1ded an ice-free

IR oovrldor For mlgratmons, males it likely that many of the

23

A

id
b

33



The reoords‘at Basswood Road and Little Lakes have high

r
£

follen influxes in all sediments younger than‘lz;bOO years
{Mott, 1974).*.I€‘%herefore appears that prior to 10,000 -

| years ago there“éeve tree cbmmuqit?es oﬁgﬁhéi is now the

‘icoastal shelfﬁﬁGeQrges and Broyﬁ‘Bapks), throughout southern
New Brunswick, and in southern and”central»Noba?Scotia. ) >
> - Local environmental dopditions appearhto have plgyéd a
dcmin;nt role in the early forest histéry thrpughbut the
Maritimes and nortﬁérn NeﬁAEnglandi The first appearanée of

© forests in any area appéars to be not sa much a matter of how
1ong trees took to mlgrate in, but of how soon the local
environment permitted them to be established. This hypothesms
is supported by a variety o@fevidenée:L‘
(1) . Prior to ‘10,000 years B.P. several 1ocalitie§ (Moulten
Pond, thtle Lake, Basswood Road Lake, Folly -Bog, Silver

Lake, Curry Pond, Everltt Lake, and Gillis Lake)wera freepof
ice, but not all had trees present., Whmle it may be claimed
that ice could have blocked tree mlgratlan to Glllls Lake 1n
Cape Breton Island, the same argument cannot apply to Moultan’
Pond in Maine, where there would have been a clear access to -
areas exposed on: the coastal shelf and where spruce does seem

to have beehwpresent for a txme very -early in ‘the reccpd: )

(2) While the majority of localities shown in Figure 5.3 hadx

~ ‘ s .
forest . communities present goon after 10,000 years ago, some "

. f}id not until much latgr: At Colling Lake, extrapolating, from

—



T\

. lce cap, the flrst forests appear about 7,000 and 5 000 years

¥

-

the dates obtained, the first trees appeared no earlier than
about 8 000 years ago, and.at Oak Hlll and’ Minar&s Lakes

(Rallton »187231975), the two Lakes nedrest the’ Sauth Mountaln

-
ks L

L ago resPectavely._

2*

§.4- SPECTES SOURCES °*  ° » A .

» . »

# "
- kel

Rcland and Smlth (1969) lelde the plants of Nova Scotla

N v
&

1nto 31x elements based on- thelr dlstrlbutlons in other areas:.
<% - t
5 - .

v

LI

(1) The aﬁctiowaipine element aonsisfs of species most ‘

»o [

promlnent in tundra and other extreme env1r0nments and

3

.contains probably all of‘tﬁe plants “that first appeired at

.

‘a T . " M :~- B ) > .
most sites angr;ncludes Artemisia, and several species.-of .-

»

» " i . . - - &
The boreal elemant consists of +he plants cébmmon in the

boreal iorest, n0tably black - -ahd whlte spruce, balsam fir,
%amarack trembllng aspen, balsam poplar, and white and grey ~:

b&-r‘Ch L & ’ ' r '
L] “‘ '.A ' ' l

! . .
Ql‘
« PRI
)

, grass,_ and willow. » A



v
.
. . - . .
' . e = “
B L .
- I
.

-
¢ .. ) %, A

.(3) The Canadian element consists of plants common in north-

eastern North America écaay, which make -the forests of this

~

-

ie region so distinetive. It 1nciudes white pine, hémlock
- ‘\
beech, and yellow blrch. T « ?-fﬁ
o~ e . b ) .

1

(#)  The Alleghanian element consmst$ of plants with & more

. sduthern dxstﬁ;@gtlon today and mggt are rare in our forests,-

Sugar maple is included in this*éiéﬁent though many

; trees, such as hlbkory and chestnufg seem never ﬁo have made

L~ e - < .

thalr—way-as ﬁa? noqthyas Rova Scotia.”

v z -
- -
P - & s

¢ . ) .

T (5) The cba%tal~plain elenent consists Qf pia@fs\that-grow

. s
. ' " T . o 5.
-~ only on coagtfal areas. - . o, | \
- - : T . we //’_
. (6} The §§f element ccnszstslyf all the plants introduced
¢ / J

‘[ by man. ) . JAES .- '\ﬁ
I' “ j! N '/‘ - -

.,

Apavt frdh coaata1~plaxh Spbclesz*plantswof tha elements

®,

llsted abﬁve seem, from thﬁ pollen record, to have appeared

R & : 1 about the same order as they are listed. S

< .

) . " . h . v
As vamamkea in seatlon 5;55 vary little can-be deduced

»
B

~,

.

-

- from the presant disfrlbutiﬁnﬁ withln’ﬂova Scoti& of sp@clss

of the varloua @1emantap Rol&ndoand Smith Clﬁﬁsk list a

&

\ number of specles’ ranges that are suggmative*ﬁﬁ g&gt migram.

. tiom patterns, bt most of %ha'impliad migration@ are not_ ¥

5

-

a

4

supporteé by the ﬁmllﬁy récord. ?G@ ex&myl@ &p@@i@guof ¥,
’ £
" P ‘ % ) . . . . )
) ) ¢
) » * [ ot L4 N .~ » , .
- . ¥ . + “-‘” .
. L -
. ”~ - )
S ‘ ) ) v ., ¥ ! . 1*!’
[} " Ld ﬂ*! f‘ g,
* k¥ - ; L Tt = ,h;f . - y if
" . o Yot pb, F g v o2 A ] {f‘"r:%‘iq‘ A T e T gt
Py #iapp oA P AN Lot i ’wh‘" ¢n et Fohes 4 " N
H K t * . N . . -
».*_" . /"“ 1jv L el - 313:!&@1.‘: o . - § .. ™

3
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ﬁknleum show a serles of sharp range limits along a line fprém

southwegtiaﬂka Scotia to Cape Breton Island, suggestlng that -

" the plants had’mlgrated mnto the province from the southwest

- “ -

. and, in spreading ncrtheastward, each species was halted in
turn by a oomblnatmon of«hostlle enV1r0nment and competltlon.
"-lr % ¥

a7 : But the pollen record s that, cllmates«eVérywhere 1n cha-

o Scotla were warmey 8- 2, 000 years ago, suggestlng that even'1

w

Panlcum species now restrlcted to the province 'S extreﬂe south-'

t

ﬁest had much w1der dlstrlbgtfens (Note*Panmcumﬂpollen cannot

be dlstlngumﬁhed from that of other grasges). ~, ! &

" » g . e ]
[ 2 . - 3 - -
. 1 - . - -
v v * ;

. « " ”

. Two cases where the pollen record does support implied

- s - *

. . mlgraﬁlon patterns are ‘the present dlstrlbutlonﬁ of eastern

whlte cedar (Thuja sceidentalls) and of some coastal element

>

specles:” Whmte cedar ccauns naturally in the area about -

0 . ¥

Walfv;lle and the Annapolls Valley (see figure '5.3) and its

-

- ﬁollen is preaent in small.QQQntltles in"the Everltt Lake
core (sge‘Appand;g 2).- Howevgr,Nmt is ahsent vmrtually every~
"whevg;éléé i the~pvovince End 13 extremely rare,ln the pellén
ﬂrecardsj Though' wmg;;_g}_.1:::::13.2Len LS dlfflcult tc 1dent1fy, lts_

extreme rarmty auggeats that the speumaé‘mlgrated into the

province across an enlarged neck between Nova Scotla and New -

: " 'Brunsw1ck. Ehe second case is the dlstplbutlgn of Ilex glahra,

L whigh grows: alé al&ng tha,@astefn shore ﬁ% North Amﬁrloa, a8 Far
3 north as. Mas sacﬁuSeftg, ig V1rtually absent along northag? Naw»‘

England and New thﬂswmak Shﬁﬁ&s,»but &s found all aroumﬁ Nove




S%gtla s southern and Atlantic shores. This gap in the range

’ .

of gsuch’ “a w1despread species suggests that it mlgrated 1nto
Nova Scotla via the exposed coastal shelf.. Q@}s Qonclus10n T

¢ 1is supported by the fact that while L1v1ngstone (1968) found .

traces of Ilex in cores. from Bluff Lake near Hallfax, Dav1s
et al. (1975)' found none at all in the core from Moulton Pond’
_ - in Maine. - - ‘ T oo © .

» Pt . “ -
% . . - N
e

.- As noted in sebtion 5. 3d dispersal rates do not seem to

2 l

have been the major factor\delaylng‘ﬁhe establlshment df

,""A q.plant spe01es in Nova Sgcotia after ‘the last ige éheet Wlth— '
drew- * This }s well illustrated in the Eveéltt LQKe and Curry
Pond records’by comp&rlng relatlve flrst appeara‘JF times- of

LT hemlock, maple, beecﬁl and oak.’ Hemlo¢k and maple\hoth
v proéuce seedslthat may eaéfiy be dispersed by, w1ndg§hereas o
beech and dak. dognot. Whlle hemlock and maple-polldn flrst

' " appear 51mu1taneousi§ at both 1akes, hemlock does not anrease .

4 *y

p "‘flgnlflcantly for about a thousand years (sllghtly~more at

.

-

A » 0~ &
. f' Cunanyx ond),suggestlﬁg that it was. excluded by competltlon.

As soon as hemlock did-increase, though beech pollen ap-

.5 'peavred fbr the first time. - Beeqh‘srcon81stent presence from

Vet - . ?

3 _thsn on indicates mhat:some beech treekh wére probably.present

. DUt severly limited #n numbers by compe%iti%n, E§clu51on of
. tree species by competition will be dealt with in more detail ’

'

,. in Chapter VI. The sudden abundance rise of beeeh when it

f;rst appears in %he Curry Pond record ( hough the rise is
B . . sk 1 >y I
A ” * . *

&
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5

e o, - b 5. %ﬂ . . e
not as abbupt as thetCT~1 record §ﬁggests——see sectlon L.3)

"

1mp11es a sudden 1nvasmon of heech into an,area wheref~;:
‘condltlons.already favoure¢ it " Phat beech's flrst appea@—

s H
ance at Curry Pond follows the hem;@dk rise, rather than *
coineiding with 1t‘§s at Evermtt Lake, ;upports-the 1dea .

that beech had to mlgrate 1nto the prov1noe from New Brunsw1ck

~ o e - ~

but had 1ts progress to Curnry Pond delayed by unfavourable

.

'
b w - [

'Env1ronment and by competltlon. Cak first appears in

b [}

s

apprec;able quantltles at (or near) the beglnnlngéof the

~Curry Pond record roughly 001nc1d1ng w1th or preceedlng its
. ) -

flrst appearance at Everitt Lake. ~ It is. unllkely that oak

- ' L]

would have mlgrated into southern Nova Scotla dlrectly from
Malne, 51n®e the openlng to.,the Bay of Fundy, thoughfmuch

smaller than now, would stlll have posed an 1mpassable barrier

to,trees haglng‘suqh large, heavy seeds. Smagﬁ,numbers of |

\i@ - . »n

éak trees must therefore have established themselves oyer .

the areas free of iee prior to 10,000 years agg and increased

when the climate became warmer$ Oak's early necord at Littlg,

7] ’L‘ o 1 ! . . LY
Silver, and €illis Lakes and .at,K Folly Bog supports this idea.

¥

* v N 1

The early records of other, tree types suggest procesees
K at'work 'similar to those despﬁibed above. 'Prier to 10,000

years ago (or whenever particular sites becdme suitable for

LY
< -
* ° »

éoloniﬁetion)'pién% species, especiallyfthose producing wind-

Dblown seeds, céptinually'seede& exposed .areas until .

LS

L 4



» L] Lt ’ [ -,
conditions finaIly became mild enough to permit seedling
. ‘ growth and the surv1val of some tree speoles to maturity.
Ve .

- 5 .. -

’ M B . W

-~

Most of the tree types that flrst appear at eaoh 51;5

b

[
. ]
@

produce seeds that can be transported considerable dlstances

b )

by strong WlndSJ‘ Van der Pijl (1972) notes that whlle

. Verlfled dlstances for seeds transported by * storms are not

o »

great (from km for Ash to 30 km for Poplar), the facts

1

. that worms, stones, and fish can be tranaported by ‘eyclones

.

LI

~and fhat planes pick up’ large seeds at high altl%udes»suggest

3ust how great the extreme dlstances may be. ‘Thus hurrlcanes ‘o
at the rlgﬁt tlmé in the grow1ng season could transpor% lange*
“ -

quantltmas of seeds of many SpeCleS cd.slderable dlstanoes.

-

r

a

In anyrSO year per;pd (the sampllngtlnterval at Bverltt Lake)
‘; prohably several such, storms occur. Thesé storms mpsﬁ 11ke1y

.accounted for the bulk of seeds deposited on any given area

. S
N

and’ must have glvenutrees‘with.the lightest seeds a great

competitive advantage, as shown by poplar's-early increase

o
. &

. at Everitt Lake, L : ‘ )
« + »
4 v . . e ° L o ¥

+ 3
»
«

An ability to grow well.in cold, wet, exposed conditions

. . and to produce large amoﬁnfé of wind-blown pollen, that is to

' Survive and to reproduce easily, are the other two factors '

that helped determlne the composition ofothe early forests. .

k4 -

»  This is why spruce and birch .are the gredtest early- contrl-

Q

s o, butlons of arboreal pollen to the Everltt Lage record. h
- . §, S
’ . .- -

. s . "y
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6.1 INTRODUCTION = - .

, N
° 4 g - ~

Fire 1s a powerful ecologleaf\‘orce, produ01ng regular

&is%urbances of both vegetatmon and énv1ronment. Van

5 L. " L

Wagner (1873) computes that 0.3% of Canadian forests are

E

burned each year,‘that is, each individual fOPeS? stand'lé

-

~

L v ) ® -

»

burned about once every ﬁOO'years on average; the .rate is

- . Fi . ~ e, ®

much ‘higher in many communitigs. The selective préssures -

[ - «
oo B . N
-

imposed by fiye are so great that fhé majority of wide— s

spread and abundant tree species are adapted to cope with =

it in some way or .other. o ) o
I B - ) .

Heinselman (1973) has described in detail the cycliec

. . or: ) » " lq .
processes. ("fire cycles") consistinig of fires regeneratloﬂ

-
-

succession, fuel accumulation, and (eventually) fire agaln
N h
that are typlcal of forest stands. Flpe cycles, affect

» -

'forest communities profoundly. Climate and'tqpogbaphy

(5edédes floral compositi%nl determine-the,severity,of~fipé

cycles within .an ecosystem and t@gether they control re-
- ¥.

glonal vegetatmon. » Komarek (19661 has presented a blogeo—
h »

graphic 'zonation of North Ameriga with-each region char-

.
s
% o ’

'acterized by distinctive climate, vegéfétion; and- fire -

patterns. 3 co ‘ ' : .

"y

»

1

Ve
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o
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- /
. “Thls chapter w1ll con@ader the effects of flre at“"’3

L3

. Everltt Lake during the post—glac1al period. Three ‘

¢ Questions will be pon81d§red: (1) how do fire and ali-

- PR N - ) - .\ -7

mate combine to determiné. f&est composition? (2) .what . .

-
<

are the immeﬁiaté and 1ongnterm effécts of fires on the

-

abundanc £P of 1ndlv1dua1 tree sp601es° and- (3) can post-
. . .
fire s ce581onal trends be 1nfer5ed from the pollen .-

record? .- . , o

g L4
. . . . . . .

Various agnalytic ﬁechhiquéé have been used with the”®

» - L 4 ,

aim qf revealing ecological paftérns'directly from the
. I
- pollen~record. In rticular, tlme series methods have

) beén lntroduced to help identify*tree species' presponses

- A
- ‘ 1 4

to firve. (v . . -

. 4
R o ¢

R

- x

6.2 EFFECTS OF FIRE ON COMMUNITY COMPORITION . . .

- . <

a : " It.was shown in Chaptér 4 that between~level corgfla—
tions 1nd1cate 31m11ar1t1es .in the regional, forest oom—lF
munity. at differentrtimes. Abrupt zone transizions (shown
by low correlatlons between adjacent ;pectra) 1mply rapid ’
replacément of one communlty type by ano%her. S;né; the

ling 1nterval at Everltt Lake -is ncwhere mpre than 50 .
. - * J b
year £y most zone changes must have occurred wmthln'wlngle

w oo

.

. n,,qr,.'

tree generatlons, suggestlng that pronouneed alsturbances ”
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SPRUCE: " INCREASES -

*a Q .

FlR HEN\LOCK BEECH,
MAPLE INCREASE

PINE  DEcrREAses

BIRCH, PINE INCREASE.
HEMLOCK mMINIMUM ™,

//////‘///////////z‘/// 73

MAPLE
PINE :Iféﬁﬁﬁﬁ?ﬁi 5

OAK PINE Dr.CREASES
HEN\LOCK INCREASES

i

CHARCOAL INFLUX - °
oo x10%uB feml /%R
» v : &

"BOREAL FOREST;
SPRUCE_PARKLAND -

L " o

compared Wlth charcoal abundances

-praks correspond in time with- zone boundaries-

o1

~~. Figure 6.1.. 'Postglac1éﬂ forest changes at Evebritt Lake
Note that charcoal .

L3
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‘ ‘trlgger the rapld changeovers. The series af changeé K ;5;

- r
-~ R o o +

between 4400 HZOOyears BP, for»axample,"shaws auperlod A

of dlsturbance,iafté? whmdh the forest returns to nearlyﬂ . "

1ts orlglual form and chariges only slowly thereaftep.

L 43
p +
3 ”
! PR s * e . sy
& «~ N
s .

Flgure 6. l summar1zes the post—glaglal forestvhls~ . B,

4 ~ 1 - "
. ' tory at Everitt Lake, u91ngathe,aqnatlonrlnferreﬁ 1n /Z" -

(hf .. Chapter 4. N

Fi T 5 .

~

coal ;nflux values are plotted alongsxde.

- - ' -
e A .
s . -

+ Note that each major zoné boundany corresgpnds with

.
LN
-

a peak 1n~the charcoal 1nf1ux~”The forest .community ap-

i v ot -
* it p * m‘ e * "

. ' parently respon s slowly to cllmatlc chﬁgges. Establ;shed

2 P ow . 4
P 4

vthe.lnva510n Gﬁ new4colonlsts,‘tha;,is,~

-
v "Wt e L “5’ » . - &
" - ’ -

. species preve
L ]

@ Gl " L4

. . and NisBett (1973). Major fires, however,. destroy the -« . .°

5N -

existing community. It is then prevented - from regeneratlng

o - Ty -

hy

its pre-fire composition by unfavourable environmental

» -
e o 4

= N 4
*

'Fjire was undoubtedly a key factor.in the 'successful
establishment of invading tree species at.Everitt Lake;
L As is clear from the pollen abundance=cunv&s, as shown in - r

Lo
Flgure 3.1, and from.the rates of charcoal influx, as shownv ~

- v

“

in Plgures 3. 1.and,6 1, 1n»a31ons of" new tree types follow

) . major fires in eveby case. As can be seen, this is true -
» *+ ¥ . L - v
" of fir, tamavack, hemlock, maple, beech, ash, oak, elm, and .

-
-

. “
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alder.

*
#

*

change in forest comp051tlon is 1mmed1ately preceded by a

. major fire.

93

-

3

The plne abundance curve prov1des a good ll~u

.4

lustration of thls, having many sharp abundance changes

s
s

‘coinciding with times of major fires.

AN
L7 Y

b

6.3 TIME SERTES

¢
i
!
\

g
N g

C

Dlscu551on 1n ali the remalnlng sectlans1W1ll be based

T

on the results of time series analysis:of the pollen data.

o

The aim in épplylngpthese methods. 1S“to reveal species

»

trends and- relationships not lmmedlately evident from in-

.gpectlon of th

two* ma3or ‘assu

5

ptions:

‘samples aré all egual;

pollen dlagram.

@

4

Time series analy51s ‘ma o8

(1) tlme 1ntarvalﬁ beyween adjac%Ft

«

[}

tiohary in time, that is, there are no systemétic changes

(2) the series con51dered is sta- +

in either mean or véyiance. Since sedimentation rateg vary

*

* s " * . ': - .
throughout a- core and since long-term abundanae changes oc=

cun 1n,every specmes recopd, it is necessary to restrlct

analysis to short sectlons of ‘the

partures from "the above assumptions are negligible.

1

7“;

Each

@

record, w1th1n whlch de~ -

-species pecord within 'a single zone-can thus be considered,

as a distinet time series.

" ,“ . + .
-patés . have been used in the analysis begause percentages
" LY + .

,.

b gt ) * - “n . » ’ - ! -
Vintroduee prior relatiomships between &ifferent series. -

-

e’

*

g -

-

' Finally, absolute ﬁol}enzinflu&

k4

-

a

Moreover, as is appafent from Figure 6.1, each, abrupt

-



‘. The crogs-correlation, at a lag of k sample inter-

\\' vals, between the abundances of taxa x and y is Pxy k),

" where .~ | . »iF. o . «> -
z . [ 4 ! mﬁ'w” . " .0
o - ? . ) a
-t l-wk 0 '
¢p - —_— >
L AN E‘& (x.-332% 4 s z} 1 .
o D { i=1 xj . ,.)‘ j:l(yj y) [ r . X
) » 3 N - - %

4
. -
w
o » - v

‘ ° * Here xj denates the abundance of x at level j, . uthe 1

i *

+ - total number ofvsamples 1n ‘the serles, and X is the mean

-

..‘.Nf“\\value of x. In the speclal case where P ané y are the ) .

o e

same taxon, pxx(k) is the serlal or auto-correlatlon at”

lag k. Serlal correlat}ons.were first used 1n-palynoi9gy -
&y by-ﬂartin ahd Mosimann (1966) in an attempt to clgssify - .

S fofests'on~the basis of typical species presponses.

Ve :
' ] Al »
- w #

) ?hé powerfépectrum Sy CE) of a time.series X gives the '

4

S yela{ive,contributions to the variance of X ffom cycles of

. ' each freﬁﬁencymf. ‘In this study, the ésfimaﬁe‘@%(f) of

i m-the power spectrum was used, where - 8
0' ® ,. ) - R .. . ) ' . . *\
. _ e.,,lo o . .
. Sy (f) = 28 px(a)+22: Pyp(kK)w(k)cos (mkifd). A7.2)

- k=1
.

a

: Here 6 .is the sampling interval in years and 1 <f< 1 %
. L] . 26

the smoqthing Fdnction w(k) is descrdibed and explalned 1n

-

appendix u‘ ) s \ Cn

+r
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,?hé polleh éurve;for an ideal- tree species which steadily

.3y
-

144 - * .
., % = * . . e v
.
L I i . ® - . ¢
L L N

Spectral analysms has nmt prev1ously been applled to

&

pollen data, althqgéh there have been severai recent appll-
*

cations to related areas of Eﬁplogy.& The ' dses of,spectral
analysis in ecoiégy have been reviewed by Platt & Denman
(19757. Detailed accounts of time series methods are given P

by Jenkins and Watts (1968) and by Box and Jenkins! (1970).

N »

@
b

To .aid in the intérpreting of correlograms, it is
. ( . S i
helpful to construct models of the series being.tested and- -

L]

to compare the correlograms of gecthal series with the cor-
&~ . .

»

relograms of the models. Figure 6.2 presents models for

both the charcoal curve associated with a single. fire andy

¥

reinvadeés the area denuded by the fire: The cross-correlo-'
-4 e
gram between these two abundance curves considered as time

series was then obtained and is also shown. Sihce the

-

eharcoal abundance is zero almost everywhere, the mean must
‘ \

be small, so, thé value at the peak differs from the mean

much more than other parts of the curve. The cross~

-

.gorrelogram therefore indicates. the’ abundande of pollerfl , °

i : / -
velatPve to this peak: positi%e correlations"imply above-

average pollen abundancga negatlve correlatlons 1mply be-

tow average pollen abundance! and the POSlth time lag at
Whlch correlat:cn reach a maximum equals the tlme required
for-tpe tree species to’ regain its maximum abundanee after

the ‘Fire. ifksavergi fires were to occur in the series, a

» v
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-

51m11ar pattern would emerge put:repeated each. 31de of

. ¥ o~

zero at 1ntervals corresponding to the aVer%gé 1nterval
between fires. The pattern in the correlogram between’ .

charcoél and tree.pmllen abundance thus réveals the
typical flne response of the species concerned. * N

e
. uy w N x

. . LI «

N Two com@lioat@ons\should,be noted: ’ T -

- & * . ~ .
) - £

v
-

(1) "in a series of charcoal peaks, the largést will have

4

,/(f the greatest effect on correlogra?s. In the extreme

- case of only one major peak in the series, the re-
L4 ~ . - . N - iV Y
sulting correlograms will show the post-~fire response
' - + - hd %
~to that particular fire only. Lt
\/ ) , . N .
4 . e = < . ’ -

(23 correl&!!‘msnfor sepies hav1ng long—term trends em~

*

- ks S

-

- phasize the parts of the senies that_deviate most

- »

from the mean‘aﬁd; if +the treﬁd is .strong enough,'may
v ) Oy e , -
mask ali shcrt—term behaviour complﬁtely. In suchaa

- 1 ~ - ' -

case 1t is necessary “to6 detrend the Hata before prb»

. cegding further. - An example~1s given in appendxxdﬁy

" t

The subject is dlscussed in depﬁh by Box and Jenklns

s

-

-

- . (
(197U)u s * v. . - » <. . ‘ * . e

.
" : ¥ . ; .,

s
“
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‘curVe durlng this perlod do represent flresd In section 2.3

1 . -

charcoal péaks and actual fires. There seems lit%le doubt YL

that the major pé“ﬁ%w&for example, the one at 8%?0 years

BP) represent severe flres. It is not clegr, howevers! . - .-

- . "

whether szngle flres are responsible in all cases, éﬂnce

fu

most peaks show conszderable spreadang, Major pedﬁ% may be .

-

the. results of many flres ire a shorggperlod Fives' being - P

made more likely through the accumulation.of $fuel From trees

S 4
. '

dying, in unfavourable environmental conditions.
¥ 3 % . \ x L -
-, ¢ . .

Since the discussion in following septlons W111 hinge '
on the cccuprence of fires in zone 9 (4200 2200 years BP), <.
Whlch dbntalns no ma]om charcoal peaks;‘lt 13 1mpovtaﬁt to

knqw whether any of the fluctuatlons vmslble 1n the charcoal "(

. Y )

®

v ‘1

it was noted that the Uﬂcertalnty in charcoal countS‘ ' L
/

v -

(of about ‘the mean size in zone 39) was 18%. (65% confldeHCe o

¥

level) ’ Thus any charceal peak exceedmng the surroundzng

s >
N

10w 1nflux values by anythlng mopre tthan abcut 50% of ‘the
mean influx value is almost ‘certainly genulne. " This Jneans
that all of the PE&kS‘VlSlble in the charcoal influx curve’

for zone 9 represent actual 1ncrea8es in charcoal iﬁklux* -

»
{ A r . . ¢ -

L

In comparzng preserved charcoal with histarlcal fire

reaords, Swaln (1973) found that: (l) heights of peaks ;n‘; .

[P Y

LY

charcoal curves hvra littla relatlcn to Firé intanslty, (2) -

some charcoal peaks resd&ted 31mp1y from changes in er¢sion

i



R .
. . 4 »e | - N N

- .or deposition rates; (3) some.fires were'ﬁhrepﬁesented in .
T - % '
) the'data. Flgure 3 7 éompares.charooal dépp31t1®n rates' -

at- Everltt witth th other key varlables' 1nf1ux~of 1norganlc

"3

" matter (1nélcat1ng erosion) and tctal¥1nflux of arboreal

N ¢ ‘ ¢ . 5 J

s pollen. As can be seen from flgure 3.7, the rates@ofvwx

. - .Q} M v 0
" inorgarice 1nfluX'are falrly‘stahle throughout zone 9, hav;ng
o W
a coefflclent of variation of 8% and a max1mum variatlon
(between gréatest ‘and leaSt vaiues) of cnly 20%. Charcoal e

9

1nf1ux values,_cn the other hand, have a. coefflcmeﬁt of :

L)
- ¥
Q

varlatlon of 67% and a,maklmum varlatlon of 120% of the mean

-

»

value. °It seems uhllkely, thegeﬁore, that changes in

anlc*lnflux can be respon31ble.for any but minor flue-"

;’ ‘tuationsjin charcoal 1nflux. Thus most of the peaks v151b1e ‘

-

- probabl regresent*genlune flres. Swa1n»£197ﬂ) points out

L

T, that the physlcal dlsruptlon éaused'by'fipe”and the loss of

L blndlng matérldls from smals leads to 1ncreased erosmon for -
- 7
umany years afte%wards. Ihspectlon of the lncrganlc influx

iy .
e

curve’reveals*qniy one m&gor 1ncrease in erqglon relatedito .

L

“a charcoal peak——at 8800 years BP. Apart from thls orie peak,'

:~ o shcrt~term fluctuatlons in the inorganic 1nf1ux are sﬂall and

N L 4

are- dlffmcult to detect without referance to the vaw data.

e A N H

3

1 N ‘ ' T e ‘
v . figurg 6.3'presents correlograils for the three vari~

) #
. t

ables, undér discussion. The-dramatic decrease in pollen '

* i -~ . N R - N
.
’



?E‘IGURE 6. 3. Comlogxe:ns for charcoal pollen and dnorganic
influx at Everitt . lake. (a) Charcoal/pollen crcss—cormlogoam,
(b)Charcoal autocor'relogram, (¢)Inorganic influx autocomelogr-am,
(d)Charcoal/inorgarfic influx cross-correlogram. ".[n (b)-(d) the
vertical scale is marked off in units of .5; the homzon‘tal scale
in lag periods of 500 years. The vertical dashed lines mark off
periocds of one fire interval.Changes after fire are indicated

by the correlations between zero lag and the dashed line.

Further ekplf‘:ma.tion is in the text.
. %

~et
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’

influx foliowing charcoal, peaks is shown by figure 6.3a. .
This gives the charcoal/pollen correlogram for thewperiod‘
R . , -

.. 6000 - 4000 years BP (chosen because the a"lgn influx

o

i curve is 'most ?early stationary there). As the corrﬁiogram
~ shows, pollen jinflux drops shaéply after a charcoal‘peék,
| ~ -~ .

‘ then recovers slowly. This ¥s more evidenge that most

bl »

;o .
charcoal peaks represent actual fires. The furthex drop .
@ ‘/ + R "

in pprreiations'at a positive lag of 250 years. is probably -

@ . . g \ .
the result of a ‘further fire. » : .

) ‘ ’ . . T ~ —././
i \.; M - . »

- - ) . ° . * - . K

The remailning correlograms were calculated for the

» Deriod 4200-2200 years BP. Serial cofrela%ioés for charcoal”

- ie & ’ M - .
+ and inorganics are shown  in figures 6.3b and 6.3c.. From -

+

the correlogram it can be seen that charcoal influx reaches = |
w . A3 . g ‘v L

-

its lowest value about 250 years after a burn" This‘gémél e

PN v, H
)

v 'indicates the maximum spreading of charébéi’peéks prodaded |

by sediment recycling

L'd e

- at a lag of 350 yeawrs iﬁdiéates the mean time between char-

,and erosion. The Tise in correlations

-~

coal peaks and represents the average fire interval for -
N - 4
. ‘ . . .
zoné 9.  /Thid interval has been marked in on all the remain-
’{ng correlograms. ‘ S -0
. - - o '

. , As f}gupakﬁigc shows,, erosion has distinct increases

: \ :
J\each 350 §ears‘?lso. The long period required before cor-
-

. relations reach a minimum results from long-term trends in

the inorganic.influx series. The cross-correlogram between
« N L3

4 L]
-,



< “ - - B

. .- . v ' v
W

3
¥

charcoal and inorganic influx (figure 6:3d) shows that the
L] . .
periodic increases in erosion immediately follow burns -and

confirms Swain's obsebvation that erosion remains high'for

-

many years after a fire. . .

1
-

[
-

The above results show that many minor charcoal peaks

0

. also represent actual fires. Why are mést ﬁajor beaks

¥

thbse connected with regional zone boundaries? Probably,

\ - ¥

* major peaks represent very w1despread and severe flres

4 while minor peaks represent only 11ght (or dlstant) burns.

Wa
7y

-

o

The br@ken landscape around the lake no doubt restrlcts the

extent of most fires, so that existing vegetation ean reiny

vade burnt areas ewven in unfavoupable cl¥matic conditjons.

-

Apparently only widespread fires clearrenough %Fﬁd to give -

b

climatically favoured, species a.real competitive'advantage °
during reinvasion. ’ Cah

bl L}
*

. In section 6.2 it was notéd that fires are associated -

with ?gpdd sﬂifté in éoﬁmﬁnitj structure and with changing
trends!in specieé abundances. It is not cléar, howevéfb
whether flres are the prime cause of these changes or ave'
samply more likelwy to océ;r 1n.unsettled conditions resultlng

from changlng forest comp031t10n. Lot .

FA
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6.5 SPECIES RESPONSES TO FIRE

N
N ~

- In section 6.4 it-was found, from the charcoal auto-

a

correlogram, that:-the fire interval in the period 4200-

"zzoa years BP (zone 9) was 350 years. Sections 6.5 and

. v .

6.5 w111 analyze “the behav10ur of particular tree taxa

during thls.time. Thls-tlme perlod is con81dered for

sa§ara1 Teasons (l) iF is the 1ongest 51ng1e zone having

no majér charcoal pea]s; (‘2’)' most tree taxa glve stationary .h

series for this period; (3) changes similar to those else~

&
A A B [
3

where in thé core occur but on a much®'longer time scale./

I} . N ot A
% -
N e
[Y M »
b o o . ‘

The fire responses of several taxa are shown ih

.

Figurexb.u.‘ The BSnyear fire interval has been marked

in on each correlogram. The respohses of taxa to fire

are 1ndlcated by the c¢orrelations between charcoal and ‘
' pollen within. thls peraod. In most cases, the patterns
foung in this' part of the diggram ‘can be seen to be re= .

peated at 350 year intervals throughout the corfelogram. '

In the bereen-species co%relqgrams, positive lags refer
to the first named species torrelated with later values of

'
&

the sgecond spécies: co,
The responses to fipes of pbéplar (Fig. 6.4a)-and
beech (Flg. 6.4c) are as one would expect: poplar is very -
abundant about the time of fire and just after, but not
#

» . » .



~poplar;’(b)charcoal/birch'n(g)charcoalybneech; (d)beech/

d " N " -

® ‘ N : &
- . .
2]

Figure 6.4. Cross- correlograms of tree pollen 1nfluxes
with charcoal influxes and with eaéh other: (a)Charoal/

"

g

flr, (e)beéch/maple; (f)ash/méple. . i oL ’
Note that fire re3pqnses are not exactly as

EEedlcted by the model in figure 5.2 For instance
high correlations at negativé lag between poplar and
charcoal seem-fo shSW'poplar abun&éESZS“apticipating l
fires. Whlle sedlment m1x1ng and fir ’in%erva& vép}ations
contrlbute to cause thls anomaly,»lt lé,due chlefly to the
faect" “that, be51des high charcoal sand poplar abundances
being Wellucorrelated' low values are- well~corre$ated too.
It is -important to remember that the valtes plotted are
Qorrelatlons and not actual abundances.

f " On each correlogram the units for the lag K
are hundreds of years. The vertical ‘dashed line on each’

figure marks one five intervad from the origin.

5o

- 4 ~
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otherwzse (the sllght rise in correlatlons at’ about 200°

v R

- LY. - 1

years after flre may result foom oﬁca31onal intermediate

" flres); beech recovers slowly and dogs not beoome common .
" o % ‘ 1]

2T agalnwuntll just before the next flre. The correlogram

L] ¢ ; Y - q
o

. of charcoal w1fh birch (Fig. 6a4b) shows d very slow re- *

a
. o -

“‘covery of blreh after* fire-_more lﬁke'beechﬂthan poplar--

%

gy

: suggesting that yellow Eiréh is the major contributor of

L
& . PR 7 & oo

. blrch pollen in this perlcd. 3Cross~éorpelograﬁs with .

. [ -

# | other taxa sypport this conclusion. . . -

[ ’
- 3
o . , L) " . o »
@ LA 1

. ”Flgurea.ﬁ Hd to 6.4f show tha,cross—correlogramS* .

i 5

- between palrs of tgxa‘ flr a;Ehdance (see Flg. 6.L4d)

L

'. <T/ seems tdﬂpreCede hlgh bee abundance, as indicated by the
RN

@

¥ v -

peak.an correlations at negative lag, while the cOnreLau

- L3 4
L b

< ‘tion. peak at zerq lag between beech and‘maplg indicates

P Lo - . v 4 B } ; . . ’
» *their”association (Fig. 6.4e). . Figure 6.4f shows that.
@ - ‘:h,

maple and &sh are also closely associated. » ' (\,

.
. " - RN = 9
4 ° . "

. . . Pa— ) - - v

The surprisingly small correlations. between beech and

_maple (Fig. %gue)hahd the odd shapg of,the'dharccél/beech .
v, Y

. ,«correlﬁgraﬁ (Fig. 6.4%c) yesult from a long-term indrgase

.. Yip beech. The effect of this trend ig to put exﬁnéhempha—
[ » ' ’ Q} ! - . . N N &
sig, on points at each énd of the series when calculating .
. ﬁ 4

. correlogr@ms (these points dlffer most from the.series .
I jf
. mean) and 1éads to mostly negative correlations, at neayr- .
L t"' , ’Vi
.“ . s {' « . @
- ' v ‘ " ‘
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B . v
@ -~ - . " . ! o,

R '@f zero lag. with charcoal (Fig.'s.ﬂc). The post-fire.
o ’ reSpoﬂae is still clear though. Detreriding proce&uﬁes,

2 > .

-required in cases where the post-fire response is not

- clear, are described in.appendix 5.
" ‘ - L ‘ v . @ \ & * - * -
* . , : . : ’ .
The fact that the patternh of each taxon's post~f%re
- § « o
, fesponse is repeated skveral times in its. cross-correlo-
.u . o e ta M R i N -
. gram with charcoal reflects the cyclic nature of the pro-
[y M v M - N o

cesses concerned. In evepry case the pattern seems to Pe-
4

H

: N '-
peat itsélf over a period of about 350 years. A more ap-

curate picture of cyclic changes in charcoal and pollen

A e
L3 ? v

/ abundances can be foung from their power spectra.

a f Id

-
4 N LY

- Figure 6.5 presents power spectra for the abundances

n

- -

of charcoal and two tree taxa in zone 9. The charcoal

periods of 3302100 years. The average interval between

ﬁbwép speé?rum (Pig. 6.5a) has a ‘significant peak at cycle

P

-

fires for zone 9 was. found from the sgrial correlogram for”

charcodi‘ko*be*BSO years; the spread of the peak in the

power spegtrum shows that this period fluctuates between

270 and 500 yeaﬁs. The power spectrum for poplar abun-~

dances (Fig. 6.5b) also shows a peak at about the same fre-

\
quency. The contrfﬁutién of low freqguency cycles is also

high for poplar, indicating long term changes in poplar

abundance. Fir's power spectrum (?ig. 6.5c) alsc has a-

? a

peak at frequencies cldse to that for charcoal, though

9

_/ ’

-



109

prs

*

%

]

-

.

&

+

"IX®3 Byl Ut pIssnosip, syead sy3 1no jurod, smoade usdg - siTun Aaeaatque

*
UT Sd® S8TEOS TPOTII3A 3YJ *(SaesL UT) 001 UMOUS aJae spotasd ButTofo

-

PS1PTO0SSE f [RPAJSIUT maﬂﬁQEMm\wWﬁmmo JO s3Tun ut m&m.wmﬁmum TRlUOZTI0Y *

8yl g~ seorpuadde uT usar® sT uoriruepTdxe FYanF — (T vww&mbvﬂm>ﬁw#aﬂ

SDUBPTIUCD %08 PUBR (TRIUOZTJIOY)YIPIMpUR] Oy
Y3rm saeq msﬁ.ﬁﬂmhonQMﬁ@ommnnﬂMOUQM£0Am4%m

-

1

gos
R

| .

-

oo

sad obT
d1do

aaT8 pus

Tﬂll.l!l.v‘.
mwﬂ.hmdomw

€ (4 v

2
-l

0BG~

N of v

hOL

‘e

o 3B SModdr

oXnTJUT a0} eajoeds asmog *g'9 sansyy

. I
—
saL00T SZT LO®T 0S5z 00§ .
ﬂ&o m' N .v- Mv N- ﬂ—?
1 [ 1 ﬂ
k| ) k]
0L
LR % M N
is
. doot




.. 110

e
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v ' »
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\VN;_)?lightly lower (peridd 40Q0-500 years). Fir showé‘a'strong

cyclic tmend of,:period 110-125 years as well. Since char-

o

‘coai‘abundanceszappear not to cycle at anywhere near these

’

- . L, e
periods, it seems uylikely that they-arise from fires.

Heinseiman (1973) points out that fir mortality increa
v ) L ‘

"due.to budworm outbreak and’ other causes about 100 years

. T A res . ¢
after fire. TFactors such as these could easily operate in

t
~

a ‘cyclic fashion to produce the .observed periodicities. .

u -

~ ‘
.’ . Diffieulties encountered ih analyzing spectra are Jis-

; *

cussed in-the appendices: "white noise in ‘appendix 4, de-

trending in appendix 5, and dliasing in appégdix 6.
- [

L3
-

6.6 POST-FIRE SUCCESIONAL PATTERNS . . =

* 4
- . ’ h —(
.
"

From eross~correlograms showing.spe fire responses

+ and lnterrelatlonshlps of individual pollen taxa, it 1s

s 9

pOSSlble t6 deduce the course &fF suac6831on after fire.

-

This was done for zone 9 at-Everitt Lake in-the following

series of’.steps: (1) the avérage fire interval was de-

o .

termined from the serial correlatlons for charcoa} (see

-

Fig. 6. 3)' (2) crdss-correlograms between charcdal and @ .

all major tree taxa were compugfd (on;y pine needed de-

trending) ; (é3 ffom the correlaﬁ?qns with charcoal the

times of greatest abundance during each fire interval were' \

* .
¥



T,

L

deterﬁined’for each taxon; 4) probable sFanﬁ composifion
° was, 1nferred (for each 50 year ‘period) by gindlng groups

-

of taxaﬂ all posmtlvely.zorrelated, amengst the abundant -
4« .

-

taXa* (5) pr@b@h&e succe51onal trends were 1nferred from .

the cross correlograms betWeen the majar taxa.

deg

e ' s . w N

¥ el e ' ' -
- The 1ﬁferred succe551onal patterns for Everitt Lake

,-r

in' zone 9 (4200- 2200 years BR).are shown in Flgure 6 6.

R 2

The picture iIs restrlcted by the &lmltatlons of pollen

t ks .

?

data: because of the sampling interval, gllmpses are .
separate& by 50 yeans; most species:take many years to
w B -
mature and start producing poll%pm and many‘speCLes have .
. » Mg

been lumped together._ Thus theé%ppeafance of whlte and

"

grey blrch as dlsturﬁance specmes 1s not 1ndlcated ‘and, \
- i; .
because ‘spruce was uncommon, no relatlon wés found between,

S,
e P

The .major features; however, agree

spruce ‘and Eam
with thQ“geﬁ ral trends expected: taxa*thd% grow well in
5.

disturbed ondltlons appear«flrst and are slowly replaced -

a
- M \
»

by cllmax taxa, . ) b - ‘ W

I - -
o »

The garly.«rise in baech~&at 100 150 years aftef flre)

‘ *i

most 11kely represents the regeneratlon of beech from root

q&f&ers on areas where it was Gommon prior to burning. *@f~
[

Open avrows Show the reglits of intermedjate fires. These-

A

dre inferred on’the basis of the known behaviour of poplars,

LI 3

.pinés,,and thie pther tgxa concerned from their cross~

-~

correlograms with charcoal-(see section 6.5). . oo

v [ .
.
. of
- -
.
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) Varlous authors {Mutch, 19703 Habeck and Mutch 1973,
Kilgore, 1973; Helnselman, 1973) Have dlécussed the &mu"\g
portance of fuel accumulation in egulating the.ngtural
fire ro;at%on. Mutch k1970) claims fpgt fire«%gbendent
.forests have nén—rand?ﬁ‘fipe frequencies and Heinselman

@«
g - ®

(1973) describes the wéy'factcrs such aéﬁgrbwth ra%e31 wind,

\

damage, and mortallty (be31des cllmate), comblne to produce

7 g

thése’ frequenc1es. EXamlnatlon of the patterns lntPlgure

. B.B helps explaln the way f:;.re frequency causes long—'t:erm "

-

‘changes in forest composition. The charcqal autoperrelo—

&

gram \for zone 8 (BZﬁU—HQUD years BR) gives a fip€ interval
t \e: ¥ ’ .

‘of 250\ years. Duriﬁg that period, pin and ﬁem;oék

declineg in abuﬁ&?gce and beech abundance remains-low. In

zone 9, both hemlock and beech become more common while

- ) » » # ’ -
pine declines. The reason is obvious from the successional

trends: eXkcept for beech's quick resurgence on areas where

“
- ’ “

ent for at least 250 years following major fires. Thus the
h¥gher fire frequency in zone 8 leadd to their exclusion. .
On the other hand, plne is most promlnent early in sueces—

sion and after’ §50 years is 1argely replaced by. oak or fir.

\\ '

. Qak and birah aré also much more abundant in zone 8

A .
than in zone 9. Birch shows' much quicker recovery after

fire too. [The différen&e*is most 1ike1y'due to greater

- “

>
hj
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‘area avound Everitt Lake today. Pure stands of (say) 'a

- ‘ ‘ ' 114

¥
4

)

quanti%ies of white and grey birch in zone 8. The change

in oak agrees withsLittlé’s (1974) observation that fire

(S

suppression'proérams in New Englahd have prevented the
light fires which formerly removed the seedlings of oaks

competitors.

]
-

6.7. STAND COMPOSITION AND FIRE FREQUENCY

-

»Mutch (1970) claims that fires occur with non-random

*

frequency-in fire-dependent forgsts. Here "fire-dependent"

is understogd to mean "requiring frequent fires to persist".

o

The implication of the fofegoing discussion, however, is
that all forests are fire~dependent in the sense that
particular sorts of fire regime are necessary for their

existence. Komarek's zonatlon (Komarek 1987) Of‘North

~

America is based on thls ‘and accounts exist descrlblng the

way fires help maintain numerous sorts of~forests (e.g.
Kilgore, 1973; Little, 19743 Swan, 1970).

3

o

sented iq the record were of small extent. Brcken and

'R

- varied’ landscapes vestrlct the areds burnt by mﬂst fires

and lead to complex stand mosaics like those found in the

flammable and fast-growing species ought to burn at a

It was concluded in section 6.% that most fires repre-

Al
«
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1

higher and more regular frequency than stands in which it

is mixed with slower-growing, fire resistant species.
. . ?

Furthermore, pure stands of any tree species or, at least,

§§ands in which it predominates, are most Iikely to occur

I . *
on a large sgale when the species is very common. Thus the
more abundant a tree type is) the-more regular ought to be
- e

the frequency at which it burns.

. I3
|5 N -

\ . o
- Table 6.1. Cycling periods (in years)¥®

2 .
e R

a

i 2

" o
2 ° ¥

Taxon Zone 8 Zone 9 Zénes 10§ 11
- Y > * - . »
‘ . L .

“Abies _120-400, 100-130/300~-600 200-250 °
Picea ©100-125/500-600 120-400 100-125 .
Pinus’ 150-225 . 200-500 ., 400-600 . .
Tsuga - 150-600 125-600 . 330-400
Betula 220-400 . 150-600 *\‘\3 140~60/250

A\
Fagus 150-400 180-300 160-300 |
Quercus .  330-400 - 160-250/400-500  125-600

Charcoal 100-120/250~300 330-500 » 140-500

¥’ All peaks tabulated are 31gn1flcant at the 80% level.

N . /\t
Thls hypothesis 'is born out by the data 1n Tible 6.1

i
o

which shows the peak cycllng 1ntervals for the major tree

taxa that have marked abundance changes 1n.thq top four

o

zones. Cycling periods for times of greatest abundance arve

ty
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underlined. In’ each Zase the range of cycling periods for

+ °_an abundant taxon is very small. W o \

s . Many of the cycllng perlods tabulated do not 001n01de

* 4 o £

with the cycllng perlad for charcoal. The arguments abovea

ﬂ_ A 'for flre can equally well be applled to-other ‘factors that

.= may show up’ as cyclic pﬁocesses-fmortallty, wind damage,
Qk ' anrd ipsect infestation, for example. Another possibility
arises from the fact that local'fifés are much better .
:;5“ - réprésented in the charcoal record than distant ones. Thus
| + ° fires in a, large community some distance from Everitt Léke

could cause‘gyclic abundance changes‘in pol%en rqéordé
witﬂéut;significantly affecting the charecoal record.

-
c., R oY ¥
% . =
. o

L

Also apparent from the ‘table is that the shortest
"~charcoal’cycles occur in the zoneSUWhere’spruce, pine, énd
b blrch are abundant, Whlle the 1ongest occur wheré beech,
hemlock, and fir are common. Purthermore, the greatest
L range of éyeling periods for charcoal occurs in the top- two
zones,, where five of the taxa reach grea%es? abundance; the

[

large range of cycling periods could be due to & systematic
‘ sgift,in fire freqqency between gones]i)and 11 Buf this 4s -~
unlikely sinceahemlock and. beech (the only taxa that change
in abundance between the two zones) have very narrow rahges

of cyciing periods. The aboye observations further support

theé initial hybofhesis of this section.

<3
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6.8. CONCLUSION

14 .
& 1

Time series methods have, been used throughout the

latter part of, the analytical discussion. The value of

¥

SO . . .
correlograms and spectra in reconstructing ecological ce

rocesses should be clear. The time séries approach has

[

drawbacks: a continuous core must be.obtained, close .
interval sampling and accurate counting,afe necessary,

: and great care must be exerc1sed in the interprétation of
the results. The rewards, however, dre great: relation-
ships are revealed at a glance that only the most
baﬁnstgking’inspection of the raw daté could uncovef, and

in sufflclent volume to prov1de M tailed pictures of past

commun;ty processes. Pollen data are evidently an even

richer source of egological information than has generally

I t

. been thought. y ' . .

L]

The .chief- conclusions drawn about fires are the

LAY

follow1ng'

(1) TForest fires have occurred fegularly at’ Everitt Lake

'

‘throtghout the post-glacial period.

(2) Established. forest communities resist change by ex-

cluding ccﬁ@etitors. Wideépreaé fires in a community no
a .

longer favoured by prevailing climate can trigger shifts

.
a

~in the forest's species makeup.’
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4 (37 The-initial Pises in aBfindance of many tree types

immediately follow major fives. The presence ofﬁf,w1de
variety of young trees and no old ones ensures that™there

will be no exclusion, by long-establlshed trees, of "

“*x

colonlsts that might thrlve. Thus, environmentally

oy

T

favoured spe01es are allowed to prqllferate. ' ot

(4) Success1on after fire leads to great dhanges in stand

structure. Fire frequency exerts tremendous.i}fluence an

forest composition simply becausé limits are placed on the
. time availabie for succession to proceed before a new burn

oceurs. Many long-term species abundance changes are a

direct result of changing fire frequency.

b

-

L

(5) Fire frequency in forest communities is determined by

r

"the dominant tree types. Stands dominated by eohifers tend
- to burh more frequently than those domlnated by de01duous

species. Intervals between flres are less Varlable in

-

communltles domlnated by just one or two species than 1n

those where many spe01es are abundant. ) *

-

]

¥

It is difficult to confirm these results with daté
from the other lakes\studled. The samﬁllng interval at
Everitt Lake ‘wag 50 years throughout at: Colllns Lake and

Curry Pond the interval ranged from 200 to 400 years.? »

Some confirmatiom is visible, however: ‘the initial .

@ *

4 . . -
)
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appearances of beech and maple at Curry Pond both coincide

L]

P
with or immediately follow fires, as does hemlock's initial
rise qt“Coliins Lake, and in‘ both diagrams high poplar
- - / . - )
abundance accompanies times of high charcoal abundance.

©
“ >

fki Most zone boundaries for Collins Lake coincide with charcoal

peaks.

“the natur® of the transitiopn from boreal to deciduous forests
t : T

in Nova Scotia. Conifers possess resinous;.highly inflam-

mable sap and most are evergreen, which ensures a constant

[

-source of fuels for fires. The pines and spruces have

édapted to cope with frequent, wideépread firéé. Commﬁni%ies
of hardwobd spécies such as beech anﬁ'sugar méple burn much
less frequently. Thus beech and sugar maple are nobmailyg
excluded from spruce and pine forests, while sprucé and pine
apre excluded from beech/maple férests'bepause of their low
- sha@e tolerance. 8o, at.its northernmost limit, each
deciduous species oughf to graw up to an abrupt boundary
beyohd whiq? climatic severity aﬂd ;ndreasing fire frequency °
- prevent i? from successfully establishing itself. This’
_ phenomenon is illustrated dynamically in thg'pollep recond -
*by abrupt first-appearances and abundaﬁcé'increases of
decidﬁous'taxa as their‘nortﬁﬁard expaﬁsiop brings them into

Nova Scotia, ‘ . Y
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The .seguence of compos;tlon changes leadxng to -/

dec1duous fonesfjcan,be viewed as a communlfy respanse,to,

\

shifting fire reglmes trlggered by cllmatlc wanmlng. The .
»

Everltt Lake record can be interpreted as follOWSu Spruce

dominated the forest community till about 8000 years B.P.
As’the climate became warmer and drier, pine,comﬁqted-with

spruce in fréquently burned stands and soon largely'reﬁlaged -
4

it. At the same tlme ploneer hardwoods, 1nc1ud1ng the-y
blrches, poplars, red ocak, red maple, and elm were able to
grow in the warmer condltibps Aand_continually competed wlth
“the conifers on burned areas. Hardwood and mixed stands
formed this way, and ‘because of the lowerfflammablllty of -
hardwoods, fires were fewer and less 1ntense in these stands.
_ The landscape played an lmportant role in thls process by -
limiting the-sextent of\lntense flres in fhetconlfer stands,
so allowing hardwood standé to gurvive and spread. The .
égread of hardwoods prbbablytiéd to a‘decliné in the‘numbers. '
of»sevére fires génerallym so that succession often proceeded
much further than formerly in many, conifer stands-and fir,
oak,.and ash all became prominent for a éﬁmé. That most .
fires were less severe meaﬁt that fire~tolerant spegies,
notaﬁlﬁ‘hemlock, were often able to survive burns gnq ©
forméé pugg-stands wherever fires removéd the seedlings of
coﬁpetito?s. As the fire reg%me became less severe, shade:

¥

tolerant, fast-~reproducing species were increasingly favoured,
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leading éﬁgntﬁa}ly to the fisg of beech, sugar maple, and"
Y ' . ‘ ’
yellow hlrch +This pi re is a gross generalization, of

course, but ﬁhe fact that ba51cally 51mllar patterns of

"
4 L ‘ - 4

kfarest change oceur "all. ever northeastern Nerth' Amerlca—

37
~ A

1ndlcates that some unlversal process muat have been

\ LY

mespon81ble for them: Twd . observatlons will demonstrate

7 &

the way that teopography andkiiifégé interacted with fire

. -

4 « hd

pattermrs in d@01d1ng forest composition. '
/-“. " ' - -

N “
L K * - r

\ - The great variety of Nova Scotlan forests results

chlefly from the extremely broken gnd varied landscape” left
behlnd by the retreatlng ice. Complex topography llmlts
the extent of.most fires,oallow1ng many different forest-

y ' -
eiements to exmst side by side. The impact of differing
landscape on floral chgosmtlon can be seen by comparing

3
thejpollen records from Bverltt aﬁd C

-‘
H

both sites have 31mllar cllmates,.the e are fewer lakes
.

near Colllns Laka and the land surface is flatter than at
Everitt‘Lake. ‘This means that fires can usually burh
.greater areas at one -time around Collins Lake, makingoit
hdrder for cqmﬁunities of fire-intolerant species to’persist

there., -This éxplaing why conifers are much more dominant in

ST

the foyesté avround Collins Bake and why beech, ash, and oak’

have néver been as prominent thert as they have been at
) C —% -

L)

Everitt Lake.,’
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Davis et al. (1%75) observe thét although the present
rangeﬁ and. northern limits of beech and hemlock cdincide
almost exactly and although they usually now océur>on the
same sites, the initial rise of hemlock abundance prééedes

that of beech by increasing times in records from fur?heé

" and further noq§heastWard. This is consistent with the

idea of a large initial climatic warming (Ogden, 1967

Wébb and Bryson, 1972 Teraémaeh‘1973;‘Saarnisto, 1974)
with‘énly minor fluctuations ;fterwards. In these circum;'
stancgs, warm-adapted speciés would ‘have increasing trouble
surviving as climates became more §evére fuprther northward.
Thus the processes gdescribed ;one wouia ;qcur much more
slowly, resulting in the increasing times observed between.
the rises of:hemlcckiand beech. This ;pplies to other major
dbmﬁgsition changes too and in comparing the Curry'Pgnd and ¢
Coll%né Lake records a number of differences of this sort .
can be seen:. for instance, the first apégarance of hemlock
coinéides with alpine maxiﬁum at Curry Pond but followé the ~
equivalent piné'peak by“alﬁdst a.thousand ye@ré at Collins

Y

Lake, and while oak remains abundant until well after beech

«

becomes “common at ?urry Pond, while at Collins Lake it declines
: 1 ( & . @
long before beech abundance rises appreciably. \

- .
+
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APPENDIX 1
g

A

\

SAMPLING SITES

The following maps show, the lakes stﬁdied. Marked on
each map are: 1) coring sites (black sqﬁares), 2) bathy-
metry, 35 watersﬁéd area (inside dashgd line). The

Jo,

following table summarizes additional information about the

lakes. l . . - -
TABLE AL.1l Additioffff®Base~on:Study Lakes ;
[N *® M -, °
. . 5
Lake Elevation Conductivity ., Secchi 02‘ COz pH’
above sea- (uohm) . Disc(m) (ppm)  (ppm)
level{(m)

. -

Everitt 90 © 20 13 <5 6.5-7
Lollihs . ~15 ' T 23 g <5 7
" Curry. 20 ' 27 12-14% 115 6.5
Duck I 15 S 15 510 6.5
& !
o
{
\ )
. k]
Jg"; .
. i . .
a R ‘
e 'Lw'x; LT P “*mﬁ“"q{? !‘lva, *:ﬂm% by T e 5 “”’{‘Fv"q?"*?@% T TR il - w L
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Figure Al.]

Everitt Lake, Digby County, Nova Scotia
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fiéure Al.2:

Collins Lake, New Brunswiék*“
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Yarmouth County

: Curry Pond,

Figure A1.3
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Figure Al.4:

Duck Lake, Yarmouth County,- Nova Scotia
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.. APPENDIX 2

1

" -"ADDITIONAL POLLEN COUNTS

-

138

. " * . -
Except 'where figures are given in brackets, presence or

absence is noted only. Depths of occurrences are in centimetres.

(1) Everitt .Lake

(a)Juniper~Thuja: 0, 18-33, 39, 51-60, 667, 72-90, §9,

117-123, 126, 138, 177, 207, 219, 2
252-261, 267-285;291-297,303, 309,

h

447, HE2-471, H77-483. |

(b)Carya: 0, 18-21, 33, 39, 63-69, 75- 78
161, 165-17%, 240b 249 ,261-264,270,
324, 330-339, 357, 369, 875, 399,

25-231, 237,

315-339, 351-

- -

;) 1054311, 1
27
18,420-423,

288, 300,

200

23,

435,

447, 462-465, 471, 486,489, 510, 531, 5?4, 546, 564

3

357,

\
147~
"306-309

105-108 .
246

363~

[

T

(C)Tllla .21, 33,42~ 48,81, 114,135-138 144 , 162,177 180 195,

249~ 261 £70,285-288, 297 306,336,366,

396 408, 489

(d)Castanea:o,2u,36-39,§;-50,75-7p,78-93,108,117,123,147,1§1-

165,243,273,294 ,°342-353,378,396,420,450-461 465,477,486,

- 492,510-516,525 534‘537

‘(e}ChenonAm 126,171-174, 222, 243,420

(£)Aquatics:0,39~60 66,ﬁ8 84-87,93 128 1@5 141 152 162 171—
174,183,195-210 222 ,273 291 300,306-312,321~ 324 33353 338,
342~ 351 363,369~-378,387 402 414 420-429;035-438,44L, 450“

62,468, 71 ,483,486~-510 519 525~ 528,

534-543,567.

@

"(g) Ambrosia:0,21,27-42,48-60,66;78,96<99,188,195,228- 234 243\\
270-273,279,285,297,309.§321-330,336,351,381- 387,396,138

N1, usb W92, wgs ,510-516, 525 ssu 5uo

9

(3]

®
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" (2) COLLINS LAKE Counts are given'for Pihus strobus. .

-

. ** (a)Juniperus-Thuja:210-220,330,370.

o

. , (b)Carya:180,240,260,360.
O\ T (o)yTiliazo,u0,120.
' - (d)Castanea:110,220,330,360.
| (e)Cheno-Am:10,230,310,350,400. - - .
(£)Aquatics:0,50,120,133,210,280 310 330,360,370,3804400.
(g)Pinus strobus¥: 0(5),10(2), 29(2),40(2),50(3),70(3) ,90¢1) .
* 100(1) 110(2) 133(3),140(1),150(4),160(3),2001),210(1),
) 220(1),230(3),260(3),270(3),280(3),290(12),300(3),
. - 310¢10),320(6),330(3),340(6),350(4)’, 360(3) 370(3),
’ 380(3),390(2),400(6),420(3).*Countslglven in % toral polle
(h)Ambrosia:0,20,60,120 x '

P
i ° <

\ (3) CURRY POND (CT-1) ‘ ;

. a7

~ (aSJunlperus Thuja 30,50 60 90 100,130,170 218 229,235, 250
v © 255,260,265,
,:;’3-“'tb)baryazs,lo,zo,uo,goglss,lvo. _
" (c¥Tilia:90,255,320. ’ L
(d)Castanea:190,200,210,235,250. . N .
(e)Cheno=Am:30,40,190,200,210,265,310, 3720.
(£)Aquatics:0',20,30,60,90,130, 170 179,190,200,210,218, 240

e 4 .

" 245,250,255 ,260,265,280,290, ‘
. (g)Anbrosia:5,10,70,90,150,165,179,185,210,240, 245 250, 260
(h)Pinus_ strobus * ,1,1/2,3,1,4 1/2,1,1,5 2 3, 172(100 cm),
. . 1 1/2,1,3 ,6%1,433,3,7, 15,5(200 cm),3,4;3,6,3,3,9,1,6,
) 6,4,5,8 ,10, 4(360 cm) ,1, 12 8 Perdentages are given
: ‘(4) CURRY POND (CTJ ) B!
(a)Juniperus—Thﬁja;f— - )
“(b)Carzain,ZOd,Zad. " ‘ - .
(c)Tilia: — . | ) & T
itlia L . N

. (d)Castanea: 55
. 7 e)Cheno-Am:140,1%60,200.
(£)Aquatics :20,40,160
e (g)Ambrosia:0,20
’ (h)Pinus Etrobus:é,l,S,&,gaQ(lOO,cm),«,s

1 A

,7,7(200 ém),6,

~



~a

=)

¥

L3

FA

i

¢ Co-
: . & * . "o .
T
. ¢

. 2',4,13,3(300 cm),k. : o R

(5) DUCK LAKE .

(a)Juniperus-Thuja:40,60,80,162,200. .

< (b)Cary2:40580%100,140,162,200,220,240,260,280,400.
(e)Tilias3,62,180,200,440. ’ ..
e sy ; P
. (d)Castanea:20,100. '
I
. . .
\ - —
N w
¥ a ‘} ] o)
o - ’ . L3 . -
i ' . il 0 - ¥
¢ ’ \1 " '\ 'n “
3 ‘ . - ¥
2 * ‘5
. - v - ' > ’
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\\¢ : . ' . BAPPENDIX 3 R VI
8 R : o -t
N ‘SURFACE AND BETWEEN-LAKE CORRELATIONS -
: ) : “ The fOllOWlng are the tyges of surface spectra'used'
' From Davis and Webb(1975) (A) TUNDRN * . -
& . a 1 3 ’
) L ) _ . (B) FOREST TUNDRA -
- | () BOREAL FOREST "~ |
- . i ,‘ -
* <L . (D) CONIFER 'HARDWOOD FOREST
g s e o e (B DECIDUOUS FOREST
. ' . . { e . 3 !
ot ] ’ i> - hk‘
R From Railton(1972):(F) SUGAR MAPLE-HEMLOCK-PINE CODQMINANT
i . . ..
© A . (6 SUGAR MA%LE*YELLOW BIRCH-FIR
> . 3 \ (H) RED SPRUCE-HBMLOCK—PINE -
ST " (I) SPRUCE-FIR (COASTAL) )
. _ - (J) FSR-PINE- ~BIRCH -0
(1) CORRELATIONS BETWEEN SURFACE SPECTBg B .
vy ¢ - [
. ) R : . |
B .63 B . - SN " )
' C .62 .93 C . oo, e ,
D “69 .48 .88 "D AN ' .
. ¥ .39 .09 .12 .63 E ' i ' “
. » v .-' ,‘.,“:{"" 4
., F -.60 .44 .57 .68 .11 . . .
"o e .73 .86 .73 _.73 .15 ' . .95 @ ,oos®
. ® .10 ,.72 .81 .72 ,1l .92 - f99 ' H ) .
e CT .69 .54 .61 .65 *.11- .98 .98 .95 I ~
J .89 .85 9% " -

.59  ,33 ° .45 .60 .06+ - . .93

“f‘The taxa used in calculations are thpée referred to in
¢ ot section L.2. . ' c .

"
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'5 s« B . 7

8v

9

10 -

11

.79

.68
.66 .
. 36
.35
. 53
53

.43

1

.49

.51

. oh

.63

.78

.72
. 8
-390

T .77

.37

.96

.66
. 80

. &8

.53
.57
.77
.82

21 .27
.21 .18
46 .36
76 .71

.33

.48

Ll

.24

JH3
.79
.25

L U43

t’l-28
.51

.76
.19

~35
U3

.56
.50

b LBl
.68 -

U6
"‘oG‘q‘

.58/ .31 .56
167 .36, .49
J64 .36 .ug
56 .26 - .46
7

[N

.29

212

77

LT3

A
.72
.83

.86

.18
«76
77

.86
.75
i

%

. 80

o

.95
.91
.90
.92

: ’ D. ) o ) ‘. ) -
¢ ' S - . . y 142
(2)EVERITT LAKE . L '
) L S Zotes™ T R

.27 *.52 - .73 .51- ¥54 33 7770 ... B s

L)
* . » X -

<

o

* | ¢ . ’ L s : ) .
.- Mean correlations for the spectra in each:zone are élvenw
g , . -

' " +(3)  COLLINS LAKE . L CoL T S @
~ \ " ! o ° v ) 14 * . .
‘ ! g ' - 'Zones .- "
. A Tt 1 v ) v B IS M
- S | 2 3 4 5., 6 7 8 9 10

.90, .84 w7 .70 ".50 . .68

"85 .79 .96 .52 .86 .77 .

71" .79 .91 .85 ‘-

g .76 .61 .73

.12

& -

41N .50 Loutt .25 .01
N e <

.26 J12 .39 190 .7% .81 .88 .8u e
.59 40, .72 .99.. .77 .ou

.93 .69

.67 .91 .73 .yl .72 .78 .84 .95

4 g7

.29 .93 .58 .31 .70 .82 .54 .78

- v - 4 -~

‘47 .91 .61 .31 .68" .80°' .69




(¥) CURRY POND, (CT-1)

. %

3

- o

1 2

»

¥

3 .74

5

Zones
B 7

8 * g

_F’itjf')tﬂ’;b

© .62 -~ .BB * .56
1% .94 » .60 ;

.on
.63
.22

.61
.67
.62

14

L

052 o
-;':23

.77 - .33

:\v‘ 59" ‘. c'.kl'g"
.01 |

L lplge

-

1 2

1

.92 lso
L7 81
.32 .ie
Juy
.62 .4

1,687 L.
ToL47 .39

.33 . 36

w

L

L » s

s bURRY‘?OND (CT~-2)

-

..3 L

i
1)
!‘ -~
9
4

.66
.69
77
.54

35
.52
.54
.49

' 25

5

-

.53

.73 . - 7% .68 .26
.85 ‘.56

.26
.52+

069
+ 81
'99

.53

L)

.52 -
.o®
. 34
.36
40
25
.26

]

. 60
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6 7
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.. 51
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.25
.29
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.22
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.78
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'L%‘B
i
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t: b7,
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LUl

43,
'35
.57.
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.23

. 80°
.88
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.27
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x

.87 .79
.79 -.90
.79. .93
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APPENDIX &4

A
'

°

SMOQTHING, CONPIﬁfNCE'INTERVALS, AND WHITE NOISE
4

4 A

a . ¢ R T

¢ - L)

o Raw speétfal estimates, even for very long series, have
a standard error of ¥00%- (Platt and Denman, 1975). " This *

rerror cénrbe reduced cénéiderably b Smooﬁhing the spéctral
,estim;teé by use of:a lag windo@. (k) Wpich assigns weights
té e?ch'lag in the computation of spectra. The price paia

is tﬁa% spectral peaks ave spread‘gvef a¥gneéter bandwidthy -

-
@ -
-

In fact, . o
t

Variance x Bandwidth = Constant. s (A4 ,1)

kS ~
3

Bartletf's smocthlng procedure was used in thls study

T

(Bartlett 1953)- The, Bartlett lag w1ndow*w(k) Ais defined

by:~ -
A - Axl/Ts x| s T
w(k) ’ '

il

: (A4.2)
' 3 .
0, . o lx| = T,

it

f o]
13

whereff(<e the series length) is called the w1ndow Wldth

wDécrea81ng T is called window closing. T It reduces the

-

variance and smoothes but the curve, leaving only major

peaks. The bandwidth for Bartlett's window is ?/ZT cycles

per 'sampling interyali The 80% confidence interval is of '

constant widthtﬂﬁﬂxspectral estimates are plotted ‘on a

logarithmic scale and were computed from tables given by

» “

- A"
! Lo w

s . *

e
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Jenkins and Watts. (1969). Both bandwidths and confidence .

intervals are marked in on the spectra given in Chapter 6.
n .

« > v v
3

i

The standard deviation of a single correlation co- -
efficient estimate iﬂ lfﬂN,where N- is” the number of data.

Thus, the correlation estimates in Chapter 6 have a stan-

.
)

dard deviation of * .16 at near-zero lag. An 80% corffidence

) Y .

interval is therefore" + 1.281 x .16, or # .2, Changes in

£

cfoss-correlatioq}values are the essential features of
N 1

. ifiterest in determining postefire species responses,xand

in mbst cases the changes occurring are much greater ‘than

-

can be acdcounted for by random errops. . v .

. ¥ . g 3
' , 1
Random variation in pollen abundances shows up in \
) ) 1 . . ]
power spectra as background coaiilbutlons from all freque-~
- L}

r

i

cies and is termed white noise. ™ The* less abundant a taxan

™

is, the:gréafér the uncertaintigf are, and the greater'the

-

- . %
white noise component in the power spectrum becomes. For

e o

.even moderately rare taxa, white«ﬁoisenswamps any real

« s .

cﬁfends-that existy in general, cyclic abundancé changes
1 - , "

~

smaller than the standard deviation of the series probably

-

wodld not show up at all. T

-
:

» #*Using the value 1.281 of.the t-distribution with 36 degrees

.of freedom. ’ , ‘
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. APPENDIX 5
| [

DETRENDING TIME SERIES - " )

1 3

Figure A5(a) shows the charcoal/pine correlogram for
| :

v
¢

zone 8 of the Everitt iake core. As can be seéen, the
post-fire response is no% ¢lear: . pine appears to increase
rapid;y immediately afte? fire, but its behaviour after
that 1s obscured. Whén features of interest are obscured

@
in this way, it i8 necessary té detrend the data before .

calculating correlations; that is, the gffects of other “
trends pr processes must be rem&ﬁed. This is done by per-
forming calculations on the residualsﬂof’%he data about
expeéted values‘éf the obscuring trend. In this case, using
the deviations of plne va%}es from a regression line drawn
through the data emphasizes short- term fluctuatlons Flgure
A5(b) shows the charcoal/pine correlogram after detrending
The pine ¢urve this way. The immediate post-fire behaviour'

.of pine is revealed more clearly and the two peaks, as in

poplar's response, suggest occasional intermediate fires. .
. :

The power spectrum for pine abundance in zone 8 is
shown in Figure AS(c). Long~term abundance trends show up
as cyé%gs of very low frequenty. Detrending pine abundance
by the above method (figure A5(d)) reveals at least one

+significant peak at higher frequency (.075-.125 cycles/

Ao



Lol N

€©

—~
!

®
Figure A5.1 Effects ©of detrending pine’ :(a)Charcoal/

; pine croés—correlogramy(b)Charcoal/pine'cross—

<

correlogram after detrending pine,(c)Pine power

spectr®um, (d)Pine power spectra aftér.detrending by

w

two méthods. See explanation in text.

s 1
! 3
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sampling interval). A moré drastic way to emphasize high.
' \ . i ~ : " . [
.frequencx trends is to caléulate the. power spectrum from

.~

b first'differences between adjacent- points in the oiiginal
L N H

data. ‘' The result of d01ng this for the pine data is shown

- in Fig. AS(d) as a dotted line. Since detrending data -*
& ¢ 3
this way puts enormous emphasis on short teyrm trends, the .

. < o
. . ot

- speétrum of a detrended whiternoise process (i.e. kqual

- [
AN . v &

comtribution from. all fneqﬁen&ieé) will show é.major“peak
: at the highest ffequencies. Thus (iﬁ the dotted Spectrum)

the peak at high frequency probably results from white .

Y. n01se——1n the orlglnal spectrum its value was not signifi-

.
1 -

qantly greatep than those of frequencles contrlbutlng 1east

- P —

4 A - Y e S e . ]

- to the wvariance. -

" T

[

o



o | ‘ 15U

ALTASING . * "

“»
% pjaaad - P
E ¢ ~ 7 Aliasing refers to the seeming occurrence of high .

®,

frequency cyclic processes at much lower .frequenc’ies&beeause

-

of intérmittent sampling or observation. A good example is
found in the use of a stroboscope: if a spinning wheel, say,

is viewed under a flashing light, its appéren’c motion can be ) :
4 t

slowed down and even stopped s:unply by mcreasmg the rate A
at which the light flashes. The same tﬂlng happens to
. cyclic pollen abundance changes when mtezmlttent samplmg
~ iz used: high frequecny (short period) cycles show up as

appérent cycles of lowde frequencﬂr (longer period). d

e

The sampling interval for the Everitt Lake core

was 3cm, ‘or about 50 years. 'I‘he power spectbum of the time )

series for each taxon part:l_t:x.ons ‘the Varlance amongst
fr-eqpenéles less than 1/2 cycle/ sampl:.ng :Lnterval (Nyqu:l_st
. . frequency F), “that is cycles of per.md greater than 100 years. %\'

i Cycles of higher*freduency “than the Nyquist frequency are

seen as' apparent cygles of much lower frequency..These lower PR

frequencies are known as aliases of the higher ones. The

LN

apparent contm_butlon from cyoles of any frequency f

: &
represented in gthe power spectrum is composed of contributions
fnom cycles of each =fx»e.quency f ¥ 2nf , where n is a natural

2]

nunﬂaer.k Thus, cycles of period 6 years(.75 cycles/sampling

Al

interval) and 40 years (1.25 cycles/sampling imterval) would

\ -
o

“ 4 -
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s

4

ftimes\quoted in section 6.7.. In practip%,the Physical

size of samb;gs 1L cec, en&ompassing-abodt 17 years of the

oLake, Ontario g cAndrews §E.§if3 1974) were subjected‘to

- - . . . N . S
-detrended before ana1y31s, howgver, pplnts out the

R v P v R ) ! v . . . “115’5
. '[ | l. M ’ ' ! )
thh show- up as apparept cycles of perlod 280 years (.25

LR
~l . - P .

cycles/sampllng 1nterval) J « .. i ) .
This casts doubt/on many of, the .specific cyecling

- . b
.

-
” i o~

1

recoéd) together with sediment mixing -probably smother -

'péribdicitieé of 1eés than about 1 1/2 sampling intervals- A

’

(75 years). Thus only the shorter periods (100 150 years)

v
v
-
H
- ’
kS 4 A -

are really in’ doubt.,= . N . : .
S

K - ‘ Q

To test w%fther shorter perlods dd’ show up in .

¢
s LI . oW

pollen recor&s, data from 1am1n§ted sedlments of Crawford

s

, . \"‘- . . . . .
spectrai analyéis. Data from oontlnﬁous .sampling of these .

»
’
. 4 » LN

sedlments was avallable~at 5 year intervals ccverlng a -

9

period of 200“years. The results'showed that short perio&

4

cycles do occur in; ﬁollen data*and eleven of thirteen taxa

T » +

tested had 51gn3fleant cycllc tﬁénds at periods of 20— 25

&

Years. The fact that‘eYerz one of:thg'serles‘neeéed.to be

A
* 1
X

-

Ve

importante of longer term processes on spe01es abundances.

a'c-' .
or

It 1s doubtful whether closer sampllng would

«

"yield much pesznfqrmatlon from sediments such-as those at

»
Y

¥

Everitt 'Lak€. A'Z.cm sémpliqg interval would improve .

- ¢

’fréquency ésfimatés, bute is unlikely tb reveal anything new.

.
’

At closep intervals still, sediment lelng Would probably

°

obscure much of 1nterest, though theﬁinferences in section

6.6 could be made with more confidence..’ g ,

Te m + +
: ' ks -
M 1 -
.
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