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“Know1edg and_undgrstandihgmof thefautecologx aloeffecfé of

7fire.wﬁ1lhenab1e thgﬂWfidiand manager to better»u

prescrlbed fire to ach1eve Spec1f1c:zanagement obJectlves.i

‘Fsome of the spec1f1c effects”of prescrlbed burn1ng on

-_g;g | 1nportanf understory specaes 1n the park

..

%

i ..

1977) The_lmsorf nce of ;hns factor 1s w1dely'ﬁecogn1sed

+

"jfoeld burn1ng qpnd1tlons. In add1t1on,rf1re d]sturbance f »
level has rarely been experlmentally varled under controlled

: cond1t1ons '»;]”ji;;,,"_;;;1;;f<§;vl




[ IS S

‘afof fuel eonsumed By assumlng that heats of combustion do A
wunot vary significantly between fuelbeds, total heat releasegff’
. an be regulated by qhanging the fuel loading. Knowledge of:fhffd
: ;ftheﬁmal regimes that are lethal to speoific plant species

fheffect that prescribed burn1ng will have on 1mportant pla_t

. spec1esr

F1re d1sturbance level 1s not the onlyafactor that . :

~ftdeterm1nes a plant's responSe to burn1hg The~regenerat1ve '

“mechan1sms ut1l1zed by the plant also determ1ne whether andd

\

',to what extent a plant w1ll re eétabl1sh follow1ng burning
’[The two mechantsms 1nVest1gated 1n th1s study were S
hvegetat1ve resprout1ng (Fl1nn and We1n 1977) and seed bur1ed
- in the sotl (Moore and We1n 1977) Duff cores were removed
‘:pr1or to and subsequent to burn1ng and transported to-the o
‘igreenhouse Germ1nated seeds and emerg1ng sprouts were
df1dent1f1ed and counted Th1s 1nd1cated the relative,e

- 1mportan0e of the two regenerat1ve mechan1sms, and allowed

.an assessment of the effect of burn1ng on suggequent id’

fregenerat1on

Aspen stands, due to the1r relat1vely non- commerc1ar“'

b

status, have not recetved 1ntens1ve study by f1re



.‘junderstandlng of the role of vartoud Fuel oomponants 1n .

‘,1documd
amoistuée content of the roundwood grass. lltter and duf

nfinspe“ Ittnds, ﬂ secondary Objective of thls study was tq

&

ffuels were measured on. the burn area. In addition "a”

i

t the fuel complex on the burn area The weight and

‘7’;,waﬁ carried out_ to determfne the relatlonshlp betueen the

l.;gnomenclature is from Soper (1964)

“gdepth and welght of the forest floor (F and H 1ayers)

K plant nomenclatuhe in this study follows Moss
(1959) except where authorit1es are given Ungulate

S

-

. N ’ - . - ’

,1 4 0b]§0t1ve

The pr1mary obJectvves of this. study were to

.;'l.p Examine the response of selected target plants over d

K range of oontrolled ftre d1sturbance levels, and
2;}.Ident1fy and quanttfy the relattve 1mportance of the
| _regenerat1Ve mechan1sms ut1l1zed 1n the post f1re o

_re estagllshment of plants occurrtng ‘on the burn area}‘

y3ﬁsiA secondary obJect1ve of ihts study was- to fully

| h}dooument the fuel gomplex on the:burnvarea,

R T
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2 The negqnerative mhanisms uti Hzed by a pnmt epeoies"»
- determine its ability to survive a fire and tO‘ '

re establish subsequent ‘to buming
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Em Island Nan al ParK is looated approxjmately 37 Km

»&”east of Edmonton. Albe\ta.vand oomprtses an area of 19, 680
‘;#fha (Figuraj_m wﬁff
"deposits known as the c \

gakf

ts attuated A o mmbn of mmimt
'inq Lake Moraine; and is elevated

';;some 30- 60 meters above t“e surrounding 1acustr1ne plain

(crown 1977) This slight \ncrease 1n elevation causes the.

,‘park to receive somewhat mo e’ precipitation than the ‘

’.’surrounding area Consequently, boreal forest vegetation

occurs here as an isolated p Ket surrounded by aspen

“parkland (Rowe 1973) T
| | , - . | - . . \\
. 2 1. 2 Cl1mate - S .'11'1{ S ks

- E1K Island Nat1ona1 Park lies w1th1n the hum1d .

‘contlnental cl1mate regron and eXper1ences warm summers and :

cold w1nters danuary and duly temperatures av rage -14.5°C

. .and +16 5 C, respect1vely, but may range from 0° C to

.o #8327 c. The average annual prec1p1tatlon is 43 cm,l70%°of

. .whxch fa]ls as ra1n durlng the grow1ng season Annual

snowfall is about 130 cm, and generally remains from 'f4

..December to Apr1] The grow1ng season lasts about 175 days, v
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‘ Elk Iolnnd National Purk 1: claulﬂoﬂ u an eutlylnq

| portlon of tho Mixedwood sactlon of .the Boreal Forest Reglon .

f'(Rowe 1972). Polster and Watlon 11979) rocently eomplatod 8

l dotailod descrlptlon and analysis of the vegetation within |

the park. In ganeral, the overstpry voqetation consists of
:trembllng aspen (_gnujug 1;gmu_gigg§) and balsam poplar" -

(Populus ns_eamiienz) while prickly rose (_Q§£ AQ.S!l&L.i)
wild red~raspberry,(_gggg‘gigiggggg). and beaked hazelnut

(Corylus QggnglglVere common in’ the understory. These
species occurebh'mesic upland Sites}that have been‘dlsfurbed
" by fire within the last 100 years.(Poleter and watson"197§).
White spruce (Picea glgggg) hay be present in the overstory,
of dndisiurbed stands. Open grassy sites are dominated by
Agropyron §ubsecundum and Calgmagrogtl gnadens1 _
Vegetat1on on wet "bog" s1tes cons1sts of black spruce .

V(Ptcea mariana) with Ledum ggggnlgnd1cum, Vaccinium

.- yitis-idaea, and §ghagngm spp. as 1mportant understory

species.

2 1. 4 lgggg;ggnx and $o1ls. P
" - Crown (1977) recently completed an excellent survey of

the' topography and soyls of Elk.Island,Nat1onal,PaqK. The
tOpograbhy is-charaeterized by numeroué hills,aagle



1 . B ST S ¥

' " : & R IE e

"(crmn 1977) Tbn mmt cxtmtw wﬂu M’Q chnmod n
Luvisols daggrdthg to m Cansdtan System of Sobf,
‘Chntﬂmt_&, .‘V(c S. 5.C. 1&73) Ann-of gnny vog-mttm
are found on #0118 of the Dark Gray Luvhé! subgroup, while'
“Orthtc Grny Luvilcis mcur in forntud arnt (crdwn 1!77) !
Humic Luvtc muywh. Rogo G!ay;ola und Gny Sottdtzad |
wlmtz oubgroum occur in sreas of poar dnimm or -

- wmmwm char

(Crwn t9?7¥ “r'v
. .) ' N ’ | ‘ & .
2.1.5 Anjmg[ Egpg]g;]gng ‘ ‘; Xfuﬁ- Y

Large herds of native quulates are the math attraction
Aof the park, as well as the prtwy manaqement ac‘lvtw

~ Mani toba wapiti (Cervus canadensis mnnisghggg_ﬁ) Rooky
" Mountain mule deer (Odocoileys _m__g_gug mmgyg) |
;white tailed déer (Qgggg__gg_ rtrginigngg ggggtgggis)
nor thwestern moose (A_lgg_g _l_c_:_e_g andersoni), platns bison

‘(Big bison g__m) and a rare herd of woods bison (_L§9_t3
bison a‘thabgsgag) all o¢cur in large numbers Moose are

B parttgu]arly important to this study because of their heavy
hbrawsing on hazel shrubs Approx1mately 500 head of moose o
~ and 600 head of platns bison occur in the area of ‘the park
'.-1ncluded in th1s study (Parks: Canada 1976).. The antmals are
conftnedvto the park by a Z.Q-meter high fence. The"
resulting ghaztng pressure has had a substantial impaet on_
the vegetatlon in the park, reduc1ng the stature of the |

_shrub layer and in some areas reduc1ng the amount of aspen - |

4 ——
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Tn”S@Canadian buffa1o berry ('hfﬁ”en:1;\ftﬁ"”*"""5t

"a‘and balsam poptu
':hhgrass 1n the open spots Dead and down woody fuel"f

hhﬁ}VStudy s1te The shrub stratum also ContP1bUted to

; "’fffamo'nts of fue] 1n\1solated spots In the wet area along

””fffthe lake shore, heavy stands of grass added s1gn1flcant1y to o
°T5the total fuel loadlng Moose/and buffalo tra1ls up to 1 :3

Titﬂ;meter w1de were oommonthroughout the area These _aps 1”

------

;rileaf lwtter under the tree can jy and

e ontr1buted very ]1tt1e to the total fuel complex although
‘*fj'there were some downed aspenrstems scattered throurhout the
t

he fue] ‘9 |

'ulex W1ld gooseberry 1n part1cu1ar added s1gn1f1cant

I
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3 ”‘Q“i" the boreal f°"35t hasifeceived 1ntensive study.‘;rnw‘*'~“*'“

“*especiany .1n the last’ decade (Kelsall et al 1977) Fire is

‘htbeginning to be accepted as en integral part of the boreal
~fy.-‘.:‘.'ecosystem, having been present for thousands of years and
_i.:responsible to a: large degree for the present character of
B ffthe vegetatwon (VanWagner 1979) Many stud1es have 'u e”\;f'b

estab11shed the historioal presence of ftre, and the general
\*effects of‘pertodtcﬁburning have beeh weli documented '
"K(Wrtght and He1nselman 1973) Recently,_several ecolog1cal

'7reviews of f1re 1n the boreal north have been published

ff‘(Slaughter et al 1971 Hetnse]man 1973 V1ereck 1973 Rowe

-'iigand Scotter 1973 Kelsallfet al 1977) The purpose of th1s .

\7.

_j;fchapter is not to rev1ew all of. the 11terature ava1lable e |
"’"concerntng fwre and 1ts effects on boreal ecology, but to' .
| H:concentrate on those stud1es deallng w1th the spec1f1c f
: ]aspects of the effects of f1re on p]ants T |

O
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3 2 tttnm o _L.s e e
e Ftre affects plant comnuntttes 1n three ways Ftrst.
"-ftre consumes plant matertal Vegetatton ts a source of fuel ‘
: for ‘the, combus‘ttpn process; spectftcally, the, phys‘rcal and .

"chemtdat charaotertstios oF the vegetation éontroi"'the
'idegree of ftre'disturbanoe.'Second heat from a ftre Ktlls
f :or tnjures plants, depending on the ftre disturbance level
" and oharactertsttcs of the plants betng disturbed Thtrd

J‘ef1re has dtrect and indirect effects on other bdottc and

(‘;jabtottc components of an ecosystem, 1ncluding animals”rlm

) jnseotsﬁ fiseases water and microcltmate

) ) - . . ! .'/ Y ' "A .

3 2. 1 Vegetgttgg g__ g] | SR L

R Fire is untque among natural dtsturbances 1Q,that the
i

S o/ s
: vegetatton betng dtsturbed controls the extent and sever1ty_*~

"fof the dtsturbance (Woodard 1977) Other dtsturbances such

as hurrtcanes.,landsltdes or floods may be altered somewhat:

hwby the vegetat1on betng dtsturbed but a f1re 1s dependent

3~on the charactertsttcs of the vegetatton as’ fue] for" 1ts
:1gnitton and propagatton | o |
' Ftre dtsturbance ]evel 1s determtned by several

= phy31ca1 and chemtcal charactertsttcs of vegetatton

" :!chem1cal charactertsttcs determtne flammabtltty, and 1nc1ude

”ﬁ'fthe heat “of combustlon of a fuel parttcle (Brown and Dav1s

973) the m1nera1 content of the vegetatton (Phtlpot 1968)
:-ethe amount of volatt]e compounds present (fats 01ls,‘

‘{‘re51ns, etc ) (Alb1n1 1980)“ and t
_-'/
/o

y

\' m01sture content of thej}u:



fuel particle (Schroeder and Buck 1970) Phyaical K
oharacteristics of fuel and fueibeds also have a large T
1mpact on fire disturbance 1evel Particularly important is
‘;) the physicai arrangement of the fuel particles._Continui.ty
,,//tn the horizontal plane influences the forward rate of |
| spread of a fire (Brown and Davis 1973). and vertical
continuity determines the potential for crown fires ’
(VanWagner 1877). Physical arrangement of fuel particles
also influences rate of m01sture loss and availability of
oxygen W1thin the fuelbed (?othermel 1972) Important
'ifmeasures of fuel arrangement 1nclude packing ratio and' |
’isurface area to volume ratio The packing ratio 1s a measure,f
feof the fract1on of thewfuelbed volume that is occupied by |
~“lthe fuel particles, and prov1des an estimate of the
compactness of - the fuelbed (Rothermel 1972) SurfaCe'area o

'and volume are 1mportant 1n determining heat transfer and :

m01sture relationships w1th1n 1nd1v1dual fuel particles The .

;»ratio of surface area ‘to volume comb1nes the two quantitieS'_

K3

-and can be used Jo 1ndicate the size\of the fuel particle .

| ‘}ﬂ(Brown id/v) 'V:' - | o ".d'

'y

33 2 2 Plant Mortality

Fire has a direct 1mpact on vegetation by Killing or ¢
_'linJuring plant tissue Combustion produces gas temperatures
high enciugh to damage li‘(ing cells (Hare 1961) Forest fuels‘

begin to burn at about 380 ¢, and peak flame temperaturesl"

o -often exceed 1000 C (Brown and Davis 1973). Many studies_;"



R - i

'veXposure

0 s
PR

| fhave attempted to determlne the temperatures lethal to plant t»vf“

tlssue but dlfferences in, study destgn and’ measurement }]‘

! ‘vnethods meke 1t difficiit to' compare thess resu]te’ (Wrtght
. 1870). Brown and Davts (1973) suggest a temperature of 140 F e
(80°C) as "a useful Tevel to keep in mind". Key11 (1963) o

found temperatures of 60 C for 2 4 mtnutes and 65 C for less o

~'tthan two minutes to be lethal to Scots pine (Plnus
usylvestris L.) seedlings Wright (1970) sub jected two -
Qspecles of bunchgrass to various combinations of t1me and
‘-temperature He found death occurring when plants were . ;
: subjected to temperatures ‘as low as 48.9° C for 130 minutes
'and as hjgh as 93 3 c for 0. 5. mlnutes These studtes seem to»'
‘ind1cate that plant mortallty is a funct1on of two

-dvarlables suff1c1ently high tempeaatureqand.lengthnot‘

j
’ |

Several factors determ1ne ‘a plant’s suscept1btl1ty to

‘heat damage Brown and Dav1s (1973) present a list of n1ne;;'

factors controll1ng heat 1n3ury to trees They 1nclude l)"
‘

: '1n1t1al temperature of vegetatton 2) 51ze and morphology of.‘
Q“cr1t1cal tree portton exposed to 1nJury, 3) th1ckness and
‘fy1nsulat1ng propert1es of bark 4) branchwng and growth
' habit, 5) root1ng hab1t 6) depth of organic matter cover1ng

: mlneral so1l ‘7) flammab1l1ty of . fol1age 8) stand habtt 9)

season and growth cyc]e Var1ous port1ons of a plant may

vary in suscept1b1l1ty to heat 1nJury Stems of plants

-espec1ally tree53,are often well protected by ‘thick barK and"

:-xusually sCowafhe least damage from a f1re (Brown and Dav1s

0 L . S VR T et S
B : L Lo (SN i PR eF
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m more prone to damaqc (Kayll 1968) Roots w1th1n ‘he mtneratjfl

1973T~\Roots besause of thetr thin epidarmal c vortng. are -

”soil zone may be wel1 probectad but those that T e in or

"90' the °Pﬂan1c Tayer. are easiiy damanéd it organ1¢ mgttgp;;' Bt

_1s consumqp by a f1re (McLaan 1969) Foliaqe 1s perhape the\

\most vulnerable to heat 1njury (Vanwagner 1973) Foltaqe ts

ehunprotected by 1nsulat1ng material, and often contains

A.Needles\and leaves are»usual]y small enough that 1nterna1

highly flammable oils and resins (Brown and Davis 1973)  _. .o

‘1temperatures are quickly ra1sed to lethal levels (Brown and

‘Dav1s 1973) Some researchers have suggested that foliage

L damage is more important than cambial damage 1n causing tree :

-{‘mortal1ty (VanWagner 1973)

.'3 2.3 F1re and Regrodgcttve Mechanigms

F1re also hqs an 1mpact on the reproduct1ve mechanisms -

ut111zed by p]ants ,Many different types of regeneratlve )

‘vmechan1sms are ut111zed in post fire plant re- establtshment

;and plants may respond qu1te dtfferently to burn1ng

. depend1ng on the regenerat1ve mechantsms ut111zed Kellman,;f
:"(1970a) l1sts three factors 1mportant 1n determ1n1ng the

- nature of- post f1re success1on 1) residual flora not

destroyed'by the f1re, 2) regrowth from bur1ed v1ab1e

propagules,»S) spec1es present that can’ qu1ckly reach the “

| s1te due to eff1c1ent d1spersa1 mechan1sms Noble and

"

ijQatyer (1977 1980) have d1v1ded the methods of post f1re

re- establtshmentljnto-four,oategortestm1)”those that utrltze'

L4 . r . [ . N



- ,ﬁ',i‘i”pe SRR N ‘evglkl’:; Sy f( (‘f“a,l
' seed arrlvtnq from outslde the disturbed aren. 2) those that

‘futlllze seed burted in_the 8011, 3) thoss"that utilize ua-d
| atored 1n the osnOPY. 4) those that reiprout from
cﬁunq’rground orglns. ‘Rowe (1979lr in udaptlng thls«tch.m' to

| Vgrbernsl plant specles adds a Fifth category. those that

'perslst by bolng reslstant to damage by flre and conttnue to
rgrow subsequent to”burnlng | |

7ﬁ3.2 3 f __gggm_ng;gg §ggg e v
Plants reproducing from seed disseminated by off slte ‘
bxtndivlduals will be affected by fire disturbance level and
size of fire Connell and Slatyer (1977) in the/r paper
‘“outllntng the mechanismé of succession, lnclude 1ntenstty 3
- and area of d1sturbance as the major factors determining the
'youtcome of secondary successfon F1re disturbance level
determ1nes the number of 1nd1v1duals Killed or 1n3ured
'whtch regulates the number of seed sources ava1lable for -
'refestabl1s nt/on the burn area (Connell and Slatyer

1977)' F1re d1sturba$ce also determ1nes the characterist1cs

',;of the seedbed ava1lable to. m1grat1ng seed (Shearer 1975) .

Severe f1res may create large quant1t1es of ash wh1ch may '

be tox1c to young seedl1ngs (Ahlgren 1959) Low sever1ty

"‘flres may: not remove suff1c1ent organ1c matter to allow the

rad1cle to penetrate to mtneral so1l (Chrosc1ew1cz 1976)
Ea51ly d1sseminated seed is usually qU1te small and conta1ns

Tow’ levels of carbohydrate reserves (Arch1bold 1980)

Exten51ve.f)res-may-create areas’ too iarge for even small,

-
o~
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e

e

‘wind dlomtnttod seed to ropopulate (Connell and Sl tyor
’u1977) |

)-3232M§am

-Plants may reproduco subsequent to dlsturbance through
the germlnauon of seed buMed Jn the soil. There is a large °
body of literature pertaining to the role ‘of buried seed 1n -

l';old field successlon (Dosrlng and Humphreys 1940, Egler. .

1954, Major and Pyott 1966, le#nqaton and Allessio 1968).

A1l of these studles suggest' that burted seed is importart

ln determinlng the species composltlon of the initial plant
communlty following disturbance 4
Several studies have recently examined the role of

buried seed 1n forest regeneration as well. Marquis (197;)

'extracted’duff ‘cores from a northern hardwood stand in

' Pennsylvania He found that seed densities. of‘up to 2.5

w

million per hectare were common and observed three types of

'germ1nat1on behav1or Sugar- maple (Acer gccharum Marsh. ),

. eastern hemlock (Isuga canaden51s (L.) Carr ) and Amer1can

- beech (F agu grand1fol1g Ehrh ) all germlnated the year

after seed release. Black cherry (Prunus serotlna Ehrh ),

- wh1te ash (Frax1nus amer1cana L ), yellow poplar

(L 1r1ggendron ul1g1fer L. ), red maple (Acer rubrum L.) and

tyellow b1rch (Betula alleghan1ens1 Br1tton) all germ1nated |

over a per1od of several years. follow1ng dispersal Pin
cherry (Prunus gennsylvan1c ) seed was stored in the so1l

for long perlods. and quant1t1es of viable seed could be



" found up to 30 ynru followlng dlnmlmtlon.lllrm "NO?A) }
fhp; nl;o dqeumontod the role that burtod pin. éhorry &tod
s‘plIYl in v.gotutlon recovery followlne dluturbunce ln |

’ northern h-rducod :tandl.'{' ‘ ”
Kellman (1970b) sampled the duff and uppar sofl layers

in 8 coastal douglaa-flr tg;.uggzgqu mgn:g;ii) forest in
British Columbia. He found nearly 70% of the seéed buried ln ‘

| the 8011 to be from red alder (Alnus. rubrs Bong. ). |
8 ugg sted that the seed ztorod in the forest floor may have _l =
ban

deposlted followlng the last fire (nenrly & century

B Sy

;prevlous) or after reoent lbqglng notlvity. It was also
'suggested that buried seed playl an lmportant rolo in
secondary.successlonlon,these sitac. , .

_ Post-fire plant conmunities in the northern Rocky |
Mountalns of Montana have also'béen-éhown to belneavlly
dependent on buried seed (as well as resproutlng) for
1nitial re- establishment following fires of low to moderate
'sever1ty (Lyon and Stlckney 1976) Thirty three percent of .
all regeneration on these burns orlgpnated from buried seed.
SticKney (pers. oomm.l' suggests that the initial specles*\
composition of these communities is derived almost :
| exglusiVelyhfrom.plantslregenereting from on-site

» Propagules o o ~
Ahlgren (1960) found that 30% of the ‘post- fire =

regeneratlon 1n northern Minnesota was from buried seed. I
”',X = 3

L I A e R T 3 iy

1 peter Stlckney Associate Plant Ecolog1st U S. Forest =
Service, M1ssoula Montana Personal communlcation, 1981.
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'f acf”on the ab1l1ty of
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these spec1es to: re estab1»sh themse]ves A low 1nten51ty

‘In\add1t1on, f1re may not

L _'f.v»v
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.7ljﬁﬂf“of the 1ncreased levels of nutr1ents ]1ght and water that

:e%‘fffnot expend prec1ou"fresources becom1ng estab]1shed (Lyon andf*ljﬁ‘”

'K,*?Stwckneyf1976) \Flre“d1sturbance 1eve] d1re6t]y affects

“;ejnreproduct1onvfrom underground organs (Fl1nn ahd We1n 1977)

?ft;tsubterranean parts is. depth of duff and so11gi

oYer1ng them

McLean (1969){f"':”’

‘53;1v1n‘the Douglas f1r Zonevof Br1t1sh Co]umbla by the1Pl“

"“lfreSIStance to damage by f1re He rates the1r hesxstance

'-ejfcatego }es are

E'Hﬂflaccordlng to th§1r depth_Of*root1ng and root morphology H1sﬁie;ﬁﬁff”

hmportant factor controtl1ng the effect of f1re on ;fszl»“”

't€f1ed the °°mm°n QPOU“Uifover speciesgttff='°f




‘*itheyfsuggeSt that plants w1th reproduct1ve organs occurr1;”

”"?;{ggZp in the mlneral so1l w111 be able to surv1ve a. mofe

?'tf;:?hence w1]1 more.l1kely be present ‘" the p°5t f1re plant

ay*[oommun tyi_fﬁ.t?

')-' . e

ﬂ:"iiejntense f1remthan w1]1 seed stored in the 11tter layer. and vf :

Lyon and St1cK ey (1976) found that from 40 to 75% of
'i

: al1 post f1re reprodu%tlon resulted #rom resproutlng 1n the .

”1fj_ﬂnorthern Rocky Mounta1ns Ahlgren (1960) found that 2/3 of

ailarea Lutz (1956) observed that—resprout1ng was a very

A7ﬁ]51mportant mechan1sm for regenerat1on follow1ng fwre 1n h}

'ffresbroutvng in beaked hazelnut (Corylus cornuta) in . the same __ﬁ@.'



B BT D

Wd3f1n nearly aI] ecosystem

g 7"¢found that blue uckleberry\(_ggglglgm

o T”!mortal1ty foJ]ow1ng fall bUrn1ng was due to e

"»'?hfolloW1ng f1re {h‘ifi:7lﬁ”"‘

PRI

Alaska Wr?ght (1972), in his rev1ew of shrub retponse to -

flre. reports that resprouting 1s important in r‘product1onfg"fﬁhxﬂf

?here shrubs occur Ml]fer (1977)

";resprouted profusely fOIIOW1ng spr1ng burn1ng 1? Montana,_km;vh- B

g%but was nearly e11m1nated by burn1ng in the fali\ Greater e

"er duff

g t
o

ﬁvﬁmeISture contents and large amounts of suff1c1ently dry g@fff.

1%f,vlarge d1ameter fueIs ;ljj}gifg’y-Ajptg_f;fjggfw*7

'3:fh:3 2 4 Indxrect Effects

F1re also has 1nd1rect effects through 1mpacts on otherﬂ,

ﬁtfcomponents of the ecosystem These effect\\anclude changes & et
S odn m1croc]1mat1c cond1t10ns due to vegetat1on removal
d*ﬁchanges 1n other b]Oth factors,'and changes 1n 50']
‘“3:_#Chapacter1st1cs All of these changes have INPOPtant

J“T,;1mp11cat1ons for the re- establ1shment of vegetatwon o

v

: Changes 1n post f1re env1ronment have not been we]]

':_?documented Most research has concentrated on post f1re -

Tprlant commun1ty compos1t1on and 11tt1e emphas1s has been |
““ffdfplaced on changes in. the ab1ot1c env1ronment and 1ts efﬁect 5*5
.h;on p]ant estab11shment Changes that have been documented
,{:;1nclude 1ncreases 1n so11 surface temperature due to the ;__-3
\“f;;blackened surface (Helvey et al 1976 Fow]er and Helvey

4ht;1978), and 1ncreased exposure to w1nd (Brown and Dav1§

”"’f1973) WOodard (1977) d1scusses the 1nfluence of res1dual f‘:f{

e



f‘fue1 partjcles lef't after bucning on subsequent p1aht

"“‘{re~establishment He found that large residual fuel

”fitpart1cles often act as safety areas ‘wh1ch may protect

n}seeds or young plants from heat 1njury So1l moﬁsture o

'.yava1]ab111ty also var1es considerably fOIIOW1ng fire So1l S

o mo1sture may 1ncrease due to remova1 of vegetation and

'l.reduced transpiration (He]vey et al 1976) or. it may

_gdecrease due to reduced 1nf1ltrat1on and 1ncreased eros1on

oy _'"«(Ahlgren and Ahlgren 1960, Wells et ‘al. 1979)"

Changes 1n the b1ot1c env1ronment follow1ng bUrn1ng are7f”
‘ki;somewhat better documented The 1ncreased heat and l1ght |
[;tleve]s may e1ther attract or repel b1rds and small mammals,_“
"sand the succulent new growth 1s often preferred as forage byq

'"large ungulates (Lyon et al 1978) Changes 1n ungulate

L forag1ng hab1ts may 1n turn affect the re establ1shment of

. 'ﬂfexample is prescr1bed burn1ng 1n the southeastern %35

7:vegetat1on on the burned s1te (Lyon et a1 1978) The effects_‘tih

':Fj_of f1re on 1nsect p0pu1at1ons 1s var1ab1e, they may increase'_i“ .

,dor decrease depend1ng on the sever1fy of the f1re and the

!¢season 1n whtch the f1re occurs (Ah]gren and Ahlgren 1960)

r.yneplant d1seases are often control]ed by burn1ng, a. well Known:ng; =

g ‘j*COntrol of brown needle Spot d1sease (Sc1rrh1a ac1¢o]at?z

1fr(Dearn ) S1gg ) (Fowells 1965) Smoke from p1ne 'fedle and [1.jf, 8

o dygrass f1res has been shown to have advers ; ffectsfonfft

}var1ous plant d1seases (Parmeter a;'jdhrenholdt 1976) S
’__5Compet1t1ve 1ntenact1ons between'plants are- also affected by

o burn1ng In less severe f1res. certa1n plants may be K111ed



fv‘.vegetat1on and generate large quant1tle$ of nutrients.;

St S
) i ‘ o o
31 T

w

413? while ethers survtve' thls alters specles 1nteractions in

ompetitlon for resources More severe flres may remove all Q-‘f;i,
Plants will be competing for these nutr1ents and the most

succegsful will become establ1shed at the expense of the -
°th§(6rlme 1979 Wh1te 1979) e e

'A:‘f~- The effects of fxre\on so1l 1s one of the better

documented fields of fire research Several rev1ews are
avallablef”of wh1ch two-were cdnsulted 1n th1s study
Ahlgren and Ahlgren (1960) 1nclude an excellent sect1on on
f1re s effects on - sO1l 1n the1r landmark paper “Ecolog1cal
Effects of Forest F1res More recently,.The U S D A Forest
Serv1ce Nat1onal F1re Effects Workshop has publ1shed a‘;*

: complete revrew of recent ltterature relevant to North R
Amer1ca (Wells et\al 1979) No attempt will be made here to ‘f
&"rev1ew all of the effects of f1re on soil, but to(\ummarize |

those effects most 1mportant to plant re establ1shment :

' F1re, through the ox1dat10n of plant b1omass, makes

'f ava1lable large quant1t1es of nutr1ents necessary for plant/
llgrowth \Most researchers have found 1ncreased levels of Ca
Mg,:P and K 1ons 1n the upper soﬁl layers (Wells et al L
1979) So1l pH 1s usually 1ncreased due to the 1nflux of

large amounts of baswc cat1ons (Wells et al 1979) 0rgan1c

A 'd} matter 1s often decreased as the result of burn1ng, whach

may reduce the cat1on exchange capac1ty and n1trogen ,\
, ava1lab1l1ty of the so1l (Ahlgren and Ahlgren 1960)

N1trogen 1s usually reported to decrease due to,~



"f;”volatilization following burning, but may be rapidly

":3 3 Models of Fire Effects

rh‘m:replaced through ammonification, increased microbial o
y ”'activity and the establishment of nitrogen fixing vegetation Lt
- (Raison 1979) . Fine has an. impact on the phySical properties
lﬁ}.of soil as well Water repellant layers may be formed some
wdistance beloy the soil surface (DeBano et al 1977), and
‘reductions in bound water may occur (Kohnke 1968) Finally,o
o fire affects the biology of the 5011 Intonse heating can |

l'i,sterilize the SOil by Killing sdﬁl micro-qrganisms and

V‘dmeso fauna.’ This may reduce nitrification,-ﬁitter_x7"'

N fffdeCOMpOSition and 5011 aeration (Ahlgren I 1974 Wells et

8 N

e

1979) Sy

As the preVious reView indicates, the effects of fire

'are a complex set of interactions between the biotic and -

"abiotic components of ‘an ecosystemfflhe outcome of a fire in

plant community is therefore very difficult to predict

"However, several worKers have recently\attempted to develop

models that summarize the characteristics of fire prone id'f.

vegetation, and in some cases, predict the outcome of "{“
disturbance by fire | | L ‘7'\]

S

The most well known of these is the Vital attributes

'model of NOble and Slatyer (1977 1980) Their model s

f based on the mechanisms of succeSSion as gutlined by Connellb.

_‘and Slatyer (1977), and includes those plant characteristics,

3



. N -

4, _Growth rate of

'that determine thé«response of a plant community to fire
"Noble and Slatyer (1977 18t 4 stch characteristics:
"1.~‘Method of arrtval or’Perststance of éropagules,

: 2, »Cond1tions under which the spe01es estab11sh and" grow to

_fmaturtty,

]43,'ﬂThe longev1ty of ind1v1duals, and thl time f%Ken“to‘;

\

‘reach cr1ttca} ktages in thetr ltfe htsiory, and N

he spec1es.

“They have tabutated these attr1butes for spec1es occurr1ng

o i

\in southwest Australta, and-. use them to predtct the 1mpactA
' of f1re on the plant commun1t1es where these spectes occur.
‘_Cattel1no et al 11979) have applled th18 mode | to several._f
:p1ant commup1t1es in the northern Rocky Mountatns, and usei.»~
'_1t to pred1ct the outcome of ftre dtsturbance Thts mode]

- has been further developed by Kessel and Potter (1980) to

1nclude spec1f1c predtcttons of the! effects of fire

'._’d1sturbance Tree reproduct1on understory spectes and the

! -

'l effects of d1fferent scorch hetghts are a]l quantttat1vely

| :predtcted Rowe (1979) has adapted the v1tal attrtbutes o

. model to p]ant spec1es in the boreal forest but. caut1onsi£
fthat pred1ct19n of ecosystem succe551on must also take 1nto L
laccount al]ogentc factors thCh have an 1mpact on the

‘post f1re plant communtty : "th

Dav1s et ‘al. (1980) have developed a mode] descr1b1ng

ithe f1re ecology of ten."ftre groups" 1n northwestern
”'Montana Thts mode] 1s based on the hab1tat‘types*of“PfTster

et al.. (1977) and presents a 51mp11f1ed, synthettcgovervﬁew‘_

-



of fire s role tn»succession for all habitats of each fire
'"'group (Davis et al. © 1980) . Each "fire group" 1s accompan1ed
" by a flow dlagram showing the successional. pathway it |

B follows subsequent to djsturbance by fire

Po]ster and Wat on (1979) have deveIOped a d1agram
A.fout]ining the patter' of’ post f1re succession on mesic S
' fforest s1tes in E1k

Their model takes 1n,

'sland Natlonal Park Alberta (th. 3)

account fire severtty and the. specxes

N composit1on of the b ~ned stand However, they adm1t that

fire has effects othe than the ‘ones shown, and that other
factors such as graz1ng have also. had an effect on:
"success1onal development In ﬁdd1tion, the1r model fat]s to
'~quant1fy fire d1sturbance level, and does not recognlze the
fact that f1re also may occur in. other plant commun1t1es 1n:"

h the park

3.4 Ftre DtsturbancehLevel'f%ﬁhtcc_ |
d It 1s apparent from the foregotng review that f1re '
'd1sturbance level 1s an extremely 1mportant varlable 1n .
determ1n1ng the effects of f1re on plants WOodard (1977)
rev1ewed the ro]e of f1re dtsturbance measurement 1n f1re
,-research and concluded that most researchers are aware of
-,11ts 1mportance However, ftre'dtsturbadce leve] 1s seldom :
documented at the t1me of burntng (WOodard 1977) It is

. d1fftcu1t to measure dur1ng ‘an ongo1ng ftre due to the harsh ..

' ,cond1t1ons present, and areas burned. by w11df1re can. only be

3y
A
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'.*1nvestlgated aftdr the fact In addltlon much confuslon
g-ex1sts among researchers concernlng the measures of flre
- disturbance level. (Woodard 1977, VenWagneﬁ and Methven ,"
1978) Because of the importance d? thls vartable and - the |
}confusion surroundtng its’ measurement the following sectton ‘

will brieflabdlscuso the -various me thods of documenting fire |

d1sturbance level

| 3. 4 1 Tgmgerature L : ;v _“‘ s PR A
'w: The most common method of documenttng the thermal
'env1ronment of a ftre 1s by measuring the temperatures
,greached durtng burning Many methods of temperature
measurement have. been used. Early researchers used bulb
thermometers placed in the so1l to measure heat penetrat1on
f_(Beadle 1940) . They ‘are 1nexpéhs1ve and eesy to use, but are
b’oftenaslow to respond to temperature changes and. do not

v

;record exposure times. Chemtcals with Known melttng p01nts

are becomtng more popular, espec1ally in measur1ng soil: and

;ground surface temperatures (Beadle 1940 Wh1ttaKer 1961,

. K1lgore l902 Shearer 1975 Ba1ley and Anderson 1980).

Although they are easy to use the1r drawbacks 1nclude 1)

" the chemicals are greatly affected by«gas veloc1t1es, 2) the"
i'temperatures recorded are maximum,. and 3) they do not record' *

!»Texposure times. (Woodard 1977). Thermocouples are perhaps the
-most accurate method for documenttng temperatures They.havep“

| 1been w1dely used in all phases of f1re research including

soil temperature_measurement (Shearer 1975),,temperatunes‘“'/

L%

A



‘ (Wr1ght 1970). and gas
‘temperatures over flames ( alker and Stocks 1968). They . -

enable the»accurate measur \nt of temperature. and more.

" _1mportantly, enable the d umentation cf exposure times.

‘>However, their accuracy 1‘ of en off set by their bulk,

d'icomplex1ty and expense (w itt Ker 1961) . Results may be

affected by the sensing material used, the. .gas veloo1t1es
experﬁenced, and the location of the sensing junctjon
(Walker and Stocks 1968, 1977). In addition,
:thermocoupﬁés require lon wires\to connect them to
recordtng devices. In’an intense fire, these’connections may
be destroyed or measurements may be d1storted due to heat1ng |
~of the wires (Woodard 1977). |
b

43 4 2 Fire Intens1ty | \ R L

Ftre 1ntens1ty is another 1mportant measure of the
therma] env1ronment durlng bUrn1ng The term suffers from
',m1suse having been used to %efer to air temperaturg;

durat1on of heating, so1l te erature. degree of stand

destruction, and amount of forest floor consumed (Albini

1§76),ATechhiceliy, fire inte sity refers to the rate of
.cqmbustion:of,a fire. It‘can e expressed as rate of‘eqergy ‘
cutgut'per unit Jehgth of fire front (Ig) (Byram 1959), or
‘as rate of energy output per nit area (Ig) (Rothefmel
1972) In equation form, Byra 'S'intensity:can_be wrttteu

as:



lg* H*wsep, ) '/‘ g

whcna Ig* fireline intensity, in
- Kilowatts/meter ‘

4 * W« heat of combustion, in Kilofoules/kilog

w = weight of fuel consumed, in Kilograms/i terik
r = rate of spread, in metersllqoond ‘
N

The secOnd‘ouantlty;'reactlon 1ntenélty, la expressed as:
| R L R o

‘where lq = reaction 1ntenslty. in KW/m?

. _~3{ = mass 10ss rate/unit area, in
Kg/mz"‘acv :

H = heat of combustion, in kd/kg

A, |
i *

The major diffeFEnce between the tﬁo measurements\ls that Ig

-expresses rate of energy output along a given length of ffﬁe“

front, while lnexpresses energy output rate over a. given;

'unit area Ig is aften used in fire control work as a-measure,

of how close personnel can work to the fire llne or as an’

1nd1cator of potenté!& spotting (Albini 1978) Inls an

f1ntegral part of Rothermel s fire model (Rothermel.1972) .

Th#¥s is a computer - based predict1ve model that determ1nes :

rate of spread of a fire for a series of qpec1f1ed fuel
types = _ o, - _ L ¥
Reaction lntensity (Rothermel'1972l and fireline oo

)

1ntens1ty (Byram 1959) measure the: rate of energy release[rﬂﬁ@fl

most. of wh1ch 1s directed upward in the con ctiqn column ,'

(Byram 1959) In add1tion,‘f1rel1ne 1ntens&1y in particularw

: ~ depends heav1ly on rate of spread whlch is determ1ned

pr1mar1ly by the presence of flne fuels (<7 6 cm in

: .d1ameter) (Brown and Davis 1973) However, #1ne fuels do not

- o
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"ﬁhfthermal env1ronments through re*

1t] heat_release[.ih@Kd/mZ{EVVh'J“
eat of .combustion;. in kd/kg; *.
wéight oF' uel consumed 1n kg/m‘

3 ‘
;1nqequat1on (5) or,1t can be measured

971) the water can analog

J,*ﬁtﬁBeaufalt 1966 Georgee1969)ﬂ laminated tempered hardboard
m:}a;g(aeau;aat and Steele»fgss), 18-Kt gold sphere (Stockstad

'FQ: 1973) and the nitinol heat flux 1nd1cator (smith 1973) ATL

SN
,\\

1nstruments have"éen ca]abrated 1n laboratory

Qf;t;sett1ngs but the1r app11cat1on 1n the f1eld has presented

'7h{ddff1cult1es Many of the 1nstruments affect the1r own

e

radlatton of heat



| f;~teuperature pellets The investlgators chose to subject the

des1red temperatures"i”']jwfhfﬂfﬁ-fﬂﬁAdff‘“ ftj?sfﬁid“‘” i

‘i'; as 1t determ1nes rates of combustwon oxygen avarlab1l1ty,

\345 or control fuel arrangement In addit1on duratlon of

o heat1ng 1s a pr1mary factor 1n determ1n1ng plant mortal1ty

quffthe fuelbeds Results of_m

‘Lgno further 1nformat1on wase

-.:;i?Peter F. St1cKney Assocmate PJant Ecolog1st -U S Forest
”"gServ1ce Mwssoula Montana Personal commun1cat1on.11981

o« . L S
Sl b ' T

ia { ‘,'.“_“ “‘\ ‘ ‘ ‘ r “'l U ‘ . ‘ A
determ1ned prev1ously by burn1ng spec1f1ed amounts of fuel

and record1ng the result1ng temperatures w1th Templl

plants to temperatures of 200 C and 400 C,!so suff101ent

fuel was placed around the target plants to ach1eve the

xi“w s o
other than fuel wé1ght ﬁﬁve a large—Tnfluence on“rate of

energy output Fueltarrangement 1s cr1t1cal to_

l

heat transfer, and mo1sture relations (Rothermel 1972)

."

(Wr1ght 1970), and was not recorded»ln the above study, f;;dn;{k En

The second study ut1liz1ng art1f1c1al fuelbeds was

"ffperformed by L d Lyon wlldl1fe b1olog1st w1th the U S

h'Vfﬁiwin th1s study, Lyan pacKed vary1ng amounts of aspen_{_}“*”’“

“";lexcels1or around selected w1ldltfe forage plants and burned

'ngdy’were not publ1shed and

Wused 'A”

‘lable concern1ng the methods'

"'*,:i attempt was made by Wr1ght and Klemmedson (1965) to document t*‘-‘

”={fForest Serv1oe 1n M1ssoula,,Montana (St1cKney pers comm,) 2if;ff
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R

The fol1ow1ng section outlines the autecology of the

”‘ufetwo most important spec1es cons1dered in. this study prKed

}hazelnut ( orx]g cornuta) and w11d.red raspberry ( ubug
.\tr1gosus) Spec1al emphas1s w111 be placed on the mode of

*3rebroduct1on ut111zed by these spec1es and the1r response to

hrtff1re ’fd"ﬁmfﬁi'“'“*‘ﬁﬂ"ﬁg.f”

";n‘ ' /]

3 6 1 BeaKed Hazelnu faf}?ﬂhf°fhhfndfd;;d37e;ff'}j“ﬁ\ff o

Beaked hazelhut is. a tall decipuousﬂsprub that occurs}}fga o

5!thrqughout northern and eastern North Amer1¢a Its range 1n:f .

h:dCanada extends throughout the southern boreal forest from d;‘i,f,l'

”gBr1t1sh Columb1a to Newfoundland (Scoggan 1978) It is

’"Wt,ftyp1ca1ly a res1dent of mes1¢ forest s1tes and weJl dra1ned

”6150115 (Maycock and Curt1s 1966), and 1s usual]y assoc1ated

’;wfw1th the M1xedwood sect1on of the Boreal Forest Reg1on 1n

s A, be,,ta (Rowe 1972)

Haze1 can reproducé’by seed ahd resproutrng from fqhk
~

3ffunderground stems (Hs1ung 1951) Good seed crops occur every’

“fsmall mammals (Schopmeyer 1974) Mature hazel stems begln

“?_kﬂproducwng seed at 2 years of age and max1mum seed

‘7lproduct1°n occurs at, age 10 (Hs1ung 1951) Reproduct1on of

\\

”’!hazel by seed 1s usually 11m1ted to undisturbed sttes

[

TN

-{?22 5 y@hrs and the seed is usually d1ssem1nated by b1rds orjit'

| _ Hazel common]y reproduces from underground stems ;'ﬁ ’
ﬂf”d_ifollow1ng dtsturbance (Hs1ung 1951) Rap1d resprout1ng
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h'“:f usual]y occur at the 1nterface between the duff and m1neta1

A

fo]]owing f\re has been reported by many authors Ahlgren _\,r?fff
(1960) found hazel to resprout rap1d1y folidwing fire in 3&; %fk“d"r
northern M1nnesota and noted that 1t ‘was: st111 1ncreas1ng 1nv¢ \ a2
dens1ty f1ve years after burnxng He also reported that .[’K“;i;ffb
resprout1ng was more‘é1gorous on drier burned s1tes than on e

- wetter s1tes, and that soil drainage may be as 1mportant as.

¢

fire dlsturbance level 1n determ1n1ng the response of haZel
to f1re BucKman (1964) observed that hazel resprouted
profusely follow1ng sprlng burn1ng,'but found h1gh morta11ty
| after burn1ng in the summer He attrvbuted the. summerﬁ;V‘:=
”“ morta]1ty to decreased levels of duff m01sture and i
consequent heat penetrat1on Number of sprouts on the
spr1ng burned plots was st111 1ncreas1ng four years, ‘
follow1ng burnxng Perala (1974) also found that resprout1ng
,V{ of haZel was st1mu1ated by prescr1bed spr1ng burn1ng in }iv
’ northern M1nnesota Ohmann and Gr1gal (19797 reported that
basal area and dens1ty of haze] shrubs were sti]] 1ncreas1ng‘
f1ve years follow1ng a spr1ng w11df1re 1n northeastern o

M1nnesota

H51ung (1951) found that the underground stems o -hazel

so11 layers He found that 92 5% of all underground stems
occurred with1n the top 15 cm of the so1l BucKman (1964)
found duff m01sture to be very 1mportant in determ1nfhg the h
1npact f1re h;s on subsequent resproutlng Ahlgren (1960) }«%i'
reported that heatqng on mo1st so1ls ]S more damag1ng to

underground stems than 1s heat1ng on dr1er s01ls



N : [y

';‘J._l;.j“w ‘],raf [. r;i:'
. A \ -3 v,n-' ,‘," 1 B

“fﬂv Hazel is commonly utilt:ed as. forage by moose and to ;,fQﬂ"'

isome extent by deer (Hsiung 1951)
‘3 6 2 wild __g gggberry | | S | -
W1ld red raspberry ( g us tr1gosu ) is a low deciduous'

o shrub occurr1ng throthOut northern and eastern North

f“s?tAmertca In Canada, 1ts Lange extends frém the southern

xfborder to the northern 11m1t of the tree l1ne (Hutten 1968)

'It is. usually found on mes1c upland forested sites and moist',7'

*v}tso1ls (Moss 1959) N i :}v“fpw>‘ﬁ'f17bf,:ae”gfi”

}\‘ Raspberry reproduces by sprout1ng and seed production.v
f’-w1th each method ut111zed equally 1n recovery from o
xd';d1sturbance (Ahlgren ,;‘ 1974) Seed crops are produced

f\

.annually, and are d1ssem1nated by mammals and b1rds‘nf

;i;(Schopmeyer 1974) Seed 1s also stored 1n the upper organ1c

H‘;"layers of the so1l (Moore and We1n 1977) ,%,f.j_;_d{;*

Raspberry 1s commonly a3soc1ated w1th recently

,fjtd1sturbed 31tes, and 1s usually present 1n great numbers

}follow1ng d1sturbance Populat1ons subsequently decl1ne, and,

| .4W1th1n 5 10 years are often at very low levels (Ohmann and

".,xGr1ga1 1979) Foote (1976) 1ncluded raspberry 1n her

’ classthcatton of post f1re successlonal commun1t1es An f'ﬂ"

| hfr“fAlasKa She found raspberry present in: the ear]y

‘“success1onal commun1t1es but reported that 1t d1sappeared
-%_w1th1n 5 10 yéars Ah]gren (LQBO) found that raspberry was :f
}st1mu1ated by burn1ng, and Lutz (1956) reported that 1t -

*eixresprouteq vwgorou51y after f1re Shaf1 and Yarranton’(1973)~

A
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¢found ﬁispberry to ocour 1 5 years followA{ f Vj

:iif?northern Ontario Anderson and Bailey (1979)freported that
f{’*fi raspberry was stimulated bs annualdourning over the short
i term (1 5 years). but Anderson and Bailey (1980) reported
“-that raspberry populations decl1ne when subJected to annual
”,:burning over longer periods of t1ne (25 years) Some |
“~i'rresearchers have c1a551f1ed raspberry as a‘“£3re fOIIQWer"

";because of 1ts preference for nitrogen rich f1re d1sturbed

'a“'so1ls (Hesselman 1917 Ahlgren C. 1974)

Raspberry rs not commonly

fﬂized as forage in E1K

- Island Nat1ona1 ParK (Parks Canada

;
Y

' .' .

leT?w

4 ,," r
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4. METHODS o

-

‘This s tudy had two relatively 1ndependent obJectlves

The f1rst was to assess the effect of vary1ng levels of f1re“

_*d1sturbance on plant response the second was. to 1dent1fy '

and quantify the regenerat1ve mechan1sms used in post fire

- plant re- establ1shment This section descr1bes the methods

g*used to ach1eve these obJectmves

-s4;2.Fire'Dlsturbance Eével

A prel1m1nary survey of the study s1te 1nd1cated that

:hazel was the most frequently occurr1ng shrub -on the burn

-

‘-area. F1fty flre dvsturbance plots were located throughout\"“

the study s1te, such that a hazel plant occup1ed the center "

"‘aof each plot (F1g 4) Each target plant cons1sted of. e1ther.

a stngle aer1al stem or a group of aer1al stems as\oc1ated

‘w1th a s1ngle underground stem Each plot measured 2 mx 2.

m, and conta1ned a smaller central plot 60 cm- X 60 cm. The°

central plot del1neated the l1m1ts of the art1f1c1al

'.fuelbed (Fig. 5)

Art1f1c1al fuelbeds were used to subJect the target

yplants to controlled fire dlsturbance levels A natural'

't,fuels‘were removed from the smaller central plothhgnd a 60_

cm,x SQ cm_oardboard~box_w1th the bottom_removed was plaoed_f

e

-
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' P1ate 1. 0 kg/m2z (0 t/aé)‘fuéi

, ldading;
. fuel removed fromplot.}

Plate 2. 0.17 kg/m?

- 2

{A}Y natural
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"Plate 3. 0.87 kg/m? (5 t/ac) fuel loading.
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P]ate'SZHQ;SS Kglmzx(SOit/ac)_fuel load1ng (Note"‘.
v wh1te;spruce slats 1nserted in center of
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The effects of vary1ng levels of f1re d1sturbance were tw’

assessed 1n two d1fferent ways Twenty f1ve of the 50 plots

were random]y chosen for test1ng f1re 1nduced plant h;t ff¢ff7;

mortal1ty The enzyme perox1dase 1s present 1n the

photoresplratory system of l1v1ng plant tissue (Bonner and

Varner 1976), and 2 test for 1ts presence should 1nd1cate:::7ff?

’1'*1?25 whether the p1ant 1s a11ve or dead Shearer (1975) made f?i‘

extensxve use of th1s test in determlnlng post f1re '1lnt

4C6H3 4NH2}3 CH3)2)

7f Perox1dase denatures when pgant cells are dead, and no co]or

change occurs when these chem1cals are §brayed on dead cells

1n 95% methanol Th1s so]utlon 1s fﬁ%j,”?*

ilmmedfately fo]lowed by

“-'G



'91f determ1ne whether depth of mortal1ty was affected by f1re “'_é{;

”p;d1sturbance level Sl e
"l'ﬁ3 The rema1n1ng 25 plots were reserved for mon1tor1ng thei”ﬂfdff

rate of plant recovery following burnlng w1ld red raspberry i

""lid'was common on' these plots. and was 1ncluded W1th hazel 1n ‘”ffﬁi\

t‘es‘“measuremenfs ‘ 'ocat1on of each”"'““‘

' stem;onfthe,ao cm X 60 cm; central plot{v;R«%Qigt;;f,%T,Ek;u“”d
the flre, whxch a]lowed each sprout thw :

| throughout the grow1ng season Level of pe

filﬂﬂp' was est1mated by 1) count1ng the number of__‘. e} _
'ﬂ‘t //on each plot 2) measur1ng he1ght growth ot each Sprout' and

-;}agﬂy 3) count1ng the number of leaves on each sprout He1ght

‘\utgrowth was measured from the duff surface to the top of the

;“f?f:\f. hlghest gr0w1ng bud These measurements were performed at f'.l_ E
bw-weeklev 'mtervals from duly 4 to August 36 1980 , :
In add1tion to mon1tor1ng the 1mmed1ate post f1re‘w
recovery of the target plants,’lt was also»deC1ded to
measure btomass product1on at the-end*of the second groW1ng
season follow1ng the f1re Blomass was not measured dur1ng
the f1rst season due to the lack of su1table blomass

regress1on equatlons for very young hazel and raspberry
plants, and the°destruct1ve nature of cl1p and we1gh

; ~id.methods However, some measure of the effect of the f1re e
'A”Qifitreatments on shrub peruct1v1ty was des1red,,so the 50 flre 3

S




’*hhhweighed

/
.‘ 5

‘”igt;computer progpam (Djpon;and Brown 1979)

Analys1s of the f1re drsturbance data was carr1ed out

‘sang'a one way analysts of var1ance and subsequent mult1p1eff.‘”
compar1sons test Using the BMDP1V Analys1s—of Var1ance t i
"?Analysis o@} "ﬂﬁliﬂaf

i:fvar1ance was performed separately for number of sprouts,

'::‘f[4 4 R generat1ve Mechan

h;f:he1ght growth and number of leaves produced by each sprout éf
?f‘and was carrled out separately for each measurement date - .
uafThe hypothes1s tested was that there were no d1fferences » |
‘tvdbetween means of the response var1ables over the d1fferent ~g§§
W?ff1re d1sturbance levels 'f-~tsh-:,t““7_$;as-"f ' o

The second obJect1ve of th1s study was to determ1ne the o

rigatype and relat1ve 1mportance of the var1ous»regenerat1ve

- 7ﬁ'mechan1sms ut111zed 1n post f1re plant re estab11shment To :

md_iijpr1or to and one sobsequent to burn1ng from each of the 50

'V{achﬁeve th1s ob3ect1ve 30 cm X 30 cm duff cores extend1ng Vf"gg

‘”igdoun to m1nera1 so1l were removed and transported to the f}f}“”

A

}”figreenhousef A total of 100 duff cores were removed one

KX
-

tzsff1re d1sturbance plote (Flg 5) Pre burn cores were removed

'hione day before the f1re and the post burn cores'were removed




h"ti.hwoody fuels was grav1metr1cally determ1ned da1ly for four‘VV-f“""

B :?fdays pr1or to burn1ng These data alloged a determ1nat1on ofg”w .

f:;ﬁh'
| COres. and enabled the direct comparison of pre- and

;'_k following the fn«e This resulted in so palred

L post burn plant recovery on a plot by plot basls

The duff pores were placed in the Untvers1ty of Alberta'h

greenhouse under amb1ent (summer) l1ght cond1tions and

“ﬂ? Watered as necessary The greenhouse env1ronment eltm1nated -~

losses due to predatuonvand post f1re mlcro climat1c effectsﬂzl

h3‘4 5 1 Natural Fuel Doc ntat1gn

‘4.5;P¢¢s¢fjbéd Fire~; o

N“@*whlch may have 1nh1b1ted natural regeneratvon Seedl1ngs andu*‘

h sprouts were ident1f1ed. classif1ed as to origin and

1mmed1ately removed to prevent interplant compet1t1on

I

-
-

R

Natural fuels present on: the burn s1te were also

&

e documented thter and grass fuels predom1nated and were~5o

Kmeasured by cl1pp1ng, drylng and we1gh1ng ten 0 1m2 plots‘

‘~flocated throughout the study s1te Dowh and dead woody fuels

‘57d1d not contr1bute 51gn1flcantly to the fuel complex

- Momsture content of - the l1tter, grass and llve and dead

,=£the mo1sture trends for all s1ze class fuels pr1or‘to

;'VVburn1ng '-;;f,;,r,~g;}3_j; ‘_57 ;};fj”, 'j‘ L [

e et N S e e ; ot o - R . . S

.
|

B Charactertst1cs of the organ1c 5011 layer Were ;lso :

“Ffdocumented Duff (F and H layer) reductlon due to bu ning

S\



LB
was a'sses'sed ‘usl‘ng l‘t“‘-l-.war survey plns (MoRae et al. 1979) |
The pins were Dosit1oned so that the cross bar.was level ; Q%,;'

‘_‘w1th the surface of the duff Amount of duff reductloh was ,f_'

' ”determlned by measuring the d1stance from the cross bar to

4 "‘the surface of the ‘duff following burning. A ‘t- bar’ pin was_

v,

*Jﬁplaced mkdway along each s1de of the 2 m x 2‘m plots (see

"xirem0ved for laboratory determina ¥

,nF1g 5) ‘Dtherrduff character1st1cs were also measured Duff

\}'depth was measured on all 50 plots, and 32 duff samples were

'y of mo1sture content
7‘Duff mo1sture content was determine by we1ghmng the mofj&
~samples,.dry1ng them for 24 hours at 75”C and rewe1gh1ng
!‘M01sture content was expressed as a percentage of oven -dry

An attempt-was also made to develop a regress1on
,nequat1on relat1ng dufi we1ght to duff depth F1fty |
,‘_und1sturbed'so1l samples We{e removed from the burn s1te o
us1ng a so1l sampl1ng cyl1nder w1th a dlameter of 7.5 cm.

”Each sample extended 1nto m1neral so1l to ensure that all,

'.‘organlc matter was collected After each sample was removed

‘fthe th1ckness of the F and H layers was measured tw1ce along
";oppos1ng sldes of the sampl1ng hole The samples were '

t1nd1v1dually sealed 1n plast1c bags and transported to the
: 53

‘E=ihslaboratory The samples were then cven dr1ed for 48 hours atv ‘

ff-75 C and weighed.

| The we1ght of the organ1c matter was determxned uslng
‘loss -on- 1gn1t1on,fas mod1f1ed from Ball(1964) Each samplej‘
lf'was ground unt1l homogenggus, and a Smaller subsample taKen

N
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The subsamples were then welghed and placed 1n a muffle
furnace at 600 C for 12 16 hours After heattng. the

. subsamples were aga1n weighed the percent organic matter

calculated, and the organic matter content of the original

, sample detenm1ned The we1ght of the organ1c matter was then_-7

converted to kg/ha and regressed aga1nst duff depth using

the- BMDP1R Mult1ple L1near Regress1on computer program

(Dtxon and - Brown 1979). Only 35 samples were used 1n the.
regress1on analys1s due to damage to the samples during
transpbrtat1on and oven dry1ng S .

4, 5 2 F1re Control etn

l

Trad1t1onal methods of control in prescr1bed burn1ng

operat1ons have 1ncluded the construct1on of ‘a mlneral soil .

‘ fxre l1ne around the per1meter of the burn area (Brown and

o Dav1s 1973) In aepark sett1ng however,"1mpacts of fwrebreak

L construct1on should be held to a m1n1mum D1sturbang2 of

P

vegetat1on éhd so1l adversely affects aesthet1d values, and S

-

To overcome the d1ff1cult1es assoc1ated w1th f1re l1ne d

‘ constructlon, a new - approach has been taken at ElK Island

\

Nat1onal Park Conta1nment of prescr1bed burns 1s

- accompl1shed by us1ng a wet l1ne F1rst a 1 5 meter w1de -

swath was cut through the understory vegetat1on along the

‘ boundary of the burn area A f1rehose was then latd along :

the swath and 50 cm h1gh'qndustr1al spr1nklers 1nserted in

the hosel1ne at 30 meter 1ntervals Water:pumps,werer
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: 1nstalled at both ends of the hose i1ne, - and drew water from
x4 the lake on the east s*&e of - the burn area.,The\pumps were
“-started approximately three hours prior to 1gn1tion The,:'

meters. Using this approach the fire was successfully :

”'conta1ned thhout extens1ve s1te disturbanoe Figure 6 shows

the layout of the control l1ne

S

”oﬂspr1nklers have an effeotive watering range of about 15 ‘hv3~1 T



- K gprinkler - . SR - , ";pse““é‘
"S& -grass ' _ - g -&- ‘ 30
, Figure 6. Control line Tayout used for Elk Island . R
. : ‘ ~ prescribed burn, 5 May, | 1980. - ’ SR




ﬁ as revealed by the'brthotqqﬁdine _
'.Arecovery rates This sectlon*also 1ncnudes ‘th

athe greenhouse b1oassay study

5.1 Ihe Prescribed Fire" - . . P

5}1.1‘Natgral fuel Loading ,
." Naturaily occurring fuels'on ‘the burn area were
;documented The average fuel load1ng on the site was 0 98
Kg/m2 but varled considerably over the ent1re burn area
Aspen l1tter predom1nated under the canopy, and produged .
load1ngs of 0. 4 to 1. 5 kg/m2 Grass fuels were more &“i§_;;f}
1mportant 1n open areas. nd the load1ngs were somewhat 3;

lower’ (0 3 to 0.9 kg/m2). The heav1est natural fuel load1ngs‘

s .

occurred along the edge of the lake, where m01st condﬂt1ons

produced heavy grass growth Fuel loadanS hére were : -;:*;l“

est1mated at 2.0 to@A{O kg/m2.

RS
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o In oontrut to conifcroua fornt qtandt tm tmn
forcst fuol canplax comlstod prlmlrlly ol‘ dricd hcrbuama

| "stm and npan Jeaf Httcs. Dud md dwn romd\vood fucls

'made w s ncgllglble poruon of thc fuel loadfng The lacK
of woody fuel has lmtmt imlicatldns in prcd’ctlng fire

: "behavlor ‘d fire effocta in these standt‘ Flrc behavior in

these stands would be charuetirlzed by rspid rates of sprud

4

W short reqldence timas. dus to thn flnhy mture of
fine fuels Fire moves quickly betmn fuel pnrticlos but

,;r,»'x,v,; o

4 the small size and relatlvely Tow hest contents of the fine

" fuels prevent ma jor impacts on the slte In addttlon. these l

fuels are hiq@ly flammable in spring befdre green-up. At

‘thxs time, the duff GI and H layers) moisture is usually

still high and only the Titter (L) layer will: burn (Bailey':
and Anderson 19807 High duff moisture contents retard heat "’v

‘penetratlon into the deeper duff layers which results in

“little or no impact to underground reproductive organs

'(Vanwagner 1972) - N ! /

s

Shrubby fuels contrlbuted to the fuel complex as well

- P«
. Barley and Anderson (1980) . found that ‘dense. stands of f&
: western snowberry (S ymghor1cgrgg ocgiggntgli ) and wlllow o

(Salix sp. ) contr1buted large amounts of fuel on a

-

' prescrxbed burn1ng site in- east~ceq}ral Alberta In tbe

present study. wild gooseberry (R Qg hirtellum) added large
'amounts of . fuel in 150lated Spots but did not cont}1bute to

the fbrward spread of the fire.  —-

_,.


















' suggested'by Dube (1979l
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thegb fuels was nearly complete Some areif"of grass erl

remawned unburned due to heavy grazing, and h1gh duff

rn1sture contents prevented cffsumpt1on of the F and H so11

layers

complete dle to favorable pack1ng rat1os ahd Tow moisture LQ{

contents The exceTs1or burned complf”jly, Teav1ng only a

small amount of ash res1due The onl.?fbrtiongdf-the"

,n‘ A

observavion of the1r.¥%re behavuor The remaxnxng seven
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Fuel consumptmon 1n the artif1c1al fuelbeds was nearly ‘
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*Qﬁh S B
fuelbeds were not 1gn1ted by the fire due to poor continuity

of natural fue*s and were subsequently ignited using xfa f_,ff

matches The fire behavior in‘these fuelbeds was. documented
'f and is presented in Table 7. ";‘* e ‘g_? . AV

Tab]e 7 F1re behaV1or data observed for the seven ,f‘t
fueTBeds ignuted W1th matches

IQ?Q@GP Plot Number Fuel Loading Flame Length Residence T1me o

(Kg/mz) R (m) S (m1n)
N 5;;-:~;~r,5]ﬁ0é873”x7;’-* 12 T 2000
S e alesl et 1000
18 e T 0.87 1,12 2.
.80 0.17- o 0.27- 1.5 5
.33 3.94 - .{.B§ .’ 40 .
a3 9.65 - . .~ 2.32 10.0
4 . 3:94 - - 1.5 4.0

‘fﬂ{"-t F1gure‘§ presents a graph1cal d1splay of the flame
: length data, and also 1ncludes a graph of Byram s (1959)

expreSS1on re]ating flame lengih to f1re11ne 1ntensity

agrees fawr]y wel] 4 the flame lengths obser&@d on the.d}y‘t~

lower fue] loadlngs (0 17 0 87 and 3 94 Kg/mz) Both curves
'1ncrease 1n fiame héngth w1th 1ncreas1ng

i R
fuel we1ght However the curves beg1n to d’verge at the

‘:_represent a rap1

h1gher@fue1qload1pg (9"65“Kg/m2) q&; tacKHof agreement may{ :773'7
‘be ‘ue oktheﬁlack of suffic1ent observa?fons (2), or ithe ° f,.*};;i
ta “t7Wh1te spruce slats were added to the heaVIerI | ﬁd}5
¥Ue1beds,JThe lower surfabe area‘to volume rat1os and h1gher* ﬁj})v
e resldence tﬂmes of these fuelbeds may have caused l;uer '
_::"*ff{ ccmbustlon rates and consequent lower flaneglengths 1
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"continued in each fuelbed

7

:addltion Byram s (1959) relatlonship was developed for uae ‘

- in® homogeneous fuelbeds that have reached ‘steady- state
'burning condltions (Rothermel and Deemlng 1980)., They 9.65

| ‘ .}f;sted of two different izd of\fa%g :

j-(excel&ior and spruce slats). and may. have beedkt sma&ﬁ‘& -

~ for combustion to reach steady state condltlons, , ’ -
:1 Res1dence time is the l%ngth of time flaming combustlon -
: thermel and Deemingw1980) “The :
+17,/0.87 and 3.94 kg/mz) |

demonstratema linear increase in residence ttme with .

;flrst three fuel loadanS’(;

'.1ncreas1ng_fuel weight (F1g¢ 9) However the 9 65 Kg/mzk

fuelbeds show a disproport1onate 1ncrease in res1dence tlme

, . This is probably due to the addttion of white spruce.slats

‘\to these fuelbeds .The slats 1ncreased the amount of solid
fuel w1th1n the fuelbed creat1ng more ava1lable fuel and
1ncreas1ng the pacK1ng rat1o. Therefore, re51dence ttmes
‘were 1ncreased (Rotherme1 1972), , L

Total heat release (Alhln1 1976) was used to quant1fy
the: amount of heat flux exper1enced by the target plant’s.

,tTotal heat release 1s the product of the heat of coqbust1on

' oof the fuel and the weight of fuel consumed Table 8

.j‘presents'these data for each plot Values for heav1est fuel
load1ngs vary due to 1ncomplete combustnon of the spruce
fslats Total heat release was calculated by multxply1ng thev;-
'ava1lable ﬁyel X the heat of combust1on for wh1te spruce

m(lB 600 Kd/kg. Appendwx I) N _t_ o ;'- -

. Y
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Qonditions erly to be qncountered in this fuel type

; Tom “i*gtnmnluu quQd vfdﬂy pctmn plota’. frwv
‘1 Ku/mt 164160, 639 Ki/m?. "Natursl. tue) gccmulltignha
unumt ”'f‘i'to prwm Y brqud 3 nngo m hut output. Thn“,“v oy

4

apprqximtﬂy ‘equal to the 3.94 Kg/mt’ fuelbed m. muﬁut |
*otal hqa; refeué rpached (189 439 Kd/mﬁ) 13 unlﬁwlywio S
occur in this fuel "type except dndcr very sovere bur.n, !
'oonﬂtiohs and extraordi'hary fue) accuuulations’ % q. |
blmﬁovm or logqing slash) The r’anqe of total heat’ release R
_ Pfoduced by_the artificial fusibeds’ seemed to i’mcnucm i

“35»heat outpux of 74, ooo ku/ma lhmnnm_vaim u o ____

i






jetermined by the opthotolidine’ -

issue ‘exposed: tosheat on

cient ‘o expose cambial tissue an’ these '

in spite of the absénte of

SN E fo]Tage : én

‘a.diagram of ‘the. »
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Although pTots exper1enc1ng below ground mortal1ty were

too few to produce stat1st1ca11y s1gn1f1cant results,fthé;_f
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RES

":fOIIOWIHQ burn1ng The cause 6?’/hese 1stes was not

l\?obsekv1ng the plants on wh1ch 1t occur

‘;number of leaves between successﬁ?e measurement dates ff‘ﬁ

7d1rectly observed nor was the causb;dtscernable oy

._Severalv-
?

other uhgulates (DgRoi- pers comm)4 plant shr1nkage ,scp1

‘@subs1dence. 1nsect herb1vory and others Howeﬁer, none of —4\\

these agents were d1rect1y observed “In add1t1on,,thd plots

'on wh1ch the d1sturbance occurred were.equakﬂy d1str1buted

fvexplanatlons weQ3\§ONS1dered 1nc¥uding ows1ng by»moose or id;f

/.

’rsprouts, he1ght growth and number of 1eaves for each :;ff

‘fover the ent1re study 51te wh1ch seems to,preclude a f

£
)

;]local1zed d1sturbance such as bPOWStng or some env1ronmental

£ @

A'f effect (shading” al]elopathy, etc.). In order to prevent ‘the

: [presenceﬂof th1s secondary d1sturbance from confound1ng the

¥

g stat1stlcal analys1s, the data were d1v§ded 1nto'"d1sturbed""w

and und1sturbed" subpopulat1ons and analyzed separately

Tab]es 10 13 preSent the mean va}ues for number of"

P

v . . “

4G.H. LaRo1 Department of Botany, Un1vers1ty of Alberta

Personal commun1cat1on 1980

.-VQ“.



‘j*;fgthg”other fuel loadings-cembtned Thé additicwnof fuel fn

"‘the‘erl free treatment and the other treatment

A

L‘Viggady amount often caused a Slgnificant decline i” height
‘ﬁﬂftarowth and’ ﬁumber of letves. f comparisons between the
fuelff'ree treatmeht ahd all of the other treatments are not

'fcons1dered only 27 of approx1mately 500 compar1sons

r~,jcomparisons were cons1dered s1gn1ftcant if p < 0 05

Table iO presents the reoovery data for und1stufbed

"hazel stems Number of sprouts,1s not s1gn1f1cantly

umber on~

'~4*_fﬁaindicate~sign1ficant d1fferences between treatments,,Ayl fgeé L

frﬁid1fferent between any of the treatments on’ any of the dates;“tf

'»"He1ght growth is s1gn1f1cantly d1fferent but 022 between

' leaves 1s s1gnif1cantly d1fferenf f§} the f1rst three dates N

.’only duly 4 - 1s the only date on wh1ch the d1fferences are

Asign1f1cant between the added fuel treatments. S1gn1f1cant

7:d1fferbnces are between the 0 17 Kg/m2 and the 0. 87 and 3 94

placed 1n the d1sturbed subpopulat1on because all showed a

reduct1on in he1ght and number of leaves

L Kg/mz treatments Allk‘Tants 1n the Fuel free treatment were _.f'



v

4 .

o DATE\,' S0 ol

 uby 4 . B6.4a2

087 3. 94 9.85

il [«. . . : A S R T ‘ E Vo s ; “\

o
R«
a
oF

i
!

: -3 -
[ E » . \’

A
sLT
e

Joly 22 6862

o

7v

-

Ry -
i
- e
i
:"‘,‘n
" U
*mm# eﬂm,
-
®0 -
—y
° o
—Jwm

: _AUQUSt;1;f.,68.BaA-'

 August-§0'e:69.8a

3. 6 .

0o -
[y
o

Mg
-

T

—

B

’ ,q
® o
b

-

OoN|vwvov| ool wow.

o

B
- © N

~
AL"
Joo
—TW0n

oo now;m

]
8O
o e e s
¥R N NG IXPRR F Y. Y
o8O
o T b
o
»

RS
~
o
N

0

9
®o
oG

Jo=o|o-on|o=o|oaa|uaS

- [ e
‘D L kT
1~ |-
N

number of -&prouts, h = he1ght growth (cm)
nuMber of Jleaves per sprout.
-y

1 '. ‘s".

o

,d1sturbed hazel stems As w1th preV1ous

,'s1gn1f1cantly d1fferent in any case:

2. ,Values fpllowed by s1milar letters in a row ‘ {_"
- not s1gnif1cantly d1fferent {ps0, 05) e -

§=" {'.Indicates that no und1sturbed p]ants occurred
y;. in th1s treatment as. 1nd1cated by number of leaves.

Table 11 presents the recovery rat?;data for the

ata ?he most

;,frequent d1fference was between the fuel free treatment anﬂ

 a11 of the other Lreatments Number of sprouts 1s not f'

"ht growth is

4-_s1gn1f1cantly d1fferent between the var1ous added .fuel

ﬁjtreatments on duly 4, Augustq1 and August 16; the number ‘of

- -



. Table 11

DATE’

L3
. o
\ .
. .
; i
“op o v
; § . -
N » .
P “
- .
SN “ & :
o
[ e
M
[ LA
1.

‘Recovery rate dnfnffor Qintuhbcd‘hlitl sprouts, 1980.

4

. ‘ Fuel lot&ing -
e (kg/m')

0.87  ° ‘3.pa

. i
ot

July 4

=
»

N ST .
€1.3a' 26.4b

urS{"'-;

Cguly 22

4

R A
62.1a 32.8b

N
F -
»
~5
o
N
ovaloan
n - ’ ‘. - y
oU
-

o4.8p
5 b

»

g Adguaf 1

7 , s
27.8b,c.d, ed# h
6 b AR

August 16

57.8a '28.3b

N
[ ]
3 [+
o
~-J@

N
@ o uum,hom
]
oo
-
=

-

August 30 .27.7b. .
a } b.
ot s = avébagéanMDor'of sprouts/plot h = he1ght growth (em)
1. » number of leaves/sprout
? values followed by simitar lettera in a row
“not significantly. difforent (p<0 05),
a4
LY
] i

“om |-




-k. leaveu 10 dtfferent on nll dstes only between the fuel frd&
e treatment and ald the other trestments. 1t uhould‘bo kept in \

“mtnd thet the dtfference 1n recovory rates betwuen o 'f' ’\it
. trestments may- ‘have been substantially affected by the * *
krreddittonel disturbance.‘ R )
Table 12 provtdes the recovery rate data for a3
‘7fundisturbed raspberry stems Hetght growth is signtficantly
vrr»t' different on all detes The differences in all cases are
| ’vbetween the fuel free treatments and the other treatments,
,and between the 0. 17 kg/m2 and the three higher disturbance
'l Ievel treatments Number of leaves showed the qreatest .
number of,signtficant difﬁgrences between.treatments, - _!f~’
Significant differences in number of leaves occurred on the
| firSt.three'meafurement dates only. Signiftcant d{fferences
‘on Qply'4‘are between the Fue1-free treatments and all
others between ‘0. 17 kg/m2 and 0, 3.94 and 9. 65 Kg/mz; and
between 0.87 and 0 and 9.65 kg/m2 thferences on July 22
'andﬂAugust 1 were between the fuel- free treatment;and all
‘others; and betweenlb 17 Kg/mz-andrall others. Here again,
a1l plants in the fuel -free. treatment were placed in, the
distukbed subpopulation. . |
_ Table 13 presents the recovery rate data for d1sturbed
raspberry stems No 51gn1f1cant d1fferences in number of
;;sprouts. he1ght growth or number of leaves occurred between ,j”"
any of the treatments on any of the measurement dates ‘W
| F1gures 11- 15 present recovery rate growth curves for»

| the four. subpopulat1ons “In general, a similar pattern is ,



) . ; " :‘
.Q ‘ 4
Tnb'la 12 Rmmy “rate dm r uhdhturbed .
, W sprouts, T
-,‘ ,' ‘ . ' . ’ I '} “ : “ ‘ ‘ . | | \\ N
o N “Fuel Icndihq , _ | . v
o ‘ . :;' ‘Kg/ml) . \ |
DATE .0 . 017  0.87.  3.94  9.85
. . 5 4 - 4 4 5 g1
July 4 © 52.0a% 32.7b ' 17.4b,c . .12.2b,c 8.8b;c h _ \
Y =3 8 a,b 6 a,b 5 b,, 3 . 1
"6 4 5 ‘4 7 P
July 22 58.8a 36.5b . 19.5b,¢c. 16.1b,c 12.8b,c h
o e o= -9 aJ:/ﬁ? a,b 6 b 5 b 1
3 4 4 g 7T s
August 1 58.4a  36.8b 18.1b,c 16.2b,c 13.5b,c h
: - 8 @ 6 a 5 a 5 a 1
‘ -
R I | 5 4 7 . s
August 16 60. a 37.2b  21.0b,c 16.7b,c 13.5b,c h
. - 7 ay 7 a 6 a 6 a i
.. 3. 2 4 3 . 7 s
August 30 60.2a,37.0b 20.8b,c _ 16.8b,c 13.8b,c 'h
L . | 7» a H a 5 a 6 a ]
' s = average number of sprouts/plot
: h = height growth (cm)
l = number of leaves/sprout
2 Values foJlowed by similar letters in'a row
- - - not significantly different (p<0.05).
3 ,” Indicates that no. und1sturbed plants occurred

1n th1s treatment as indicated by number of leaves.
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Table 13, Recovery Ntﬁ dets for dilturbod l'llpbﬂ‘ry R

- sprouts, 1980, 1 e
T Rued wadino el
S f - (kg/m?) .

! DATE* / .0 0.7, 0.87 3.4 9.8
“ ' / - - , ; 3
‘ f 5 4 4 4 5 8!
July 4 [ 42.7  17.0 . 18.2 11,0 25.0 h-
: 18 6 10 5. 6 1
. e a5 4 7 . s
" July 22 41,7  20.0 23.4 15.7 3.0 : h
S 18 7 1 5 8 1
3 4 4 5 7 s
August 1 | 35.3 18.3 20.6 14.3 38.0 h :
, 1 14 ‘.9 10 3 7 1 -
| 3 4 5 4 7 s
August 16 37.3 19.3 22.6 16.3 36.0 h
. 12° 5 7. 10 10 1
| '3 2, 4 3 7 s
August 30 40.3 19.0 22.2 15.3 36.0 h
S 10 . 8 8 8 -7 1
! s = average number of sprouts/plot
h = height growth (cm) : '
1 =vnumb6r of Ieaves/sprout . '
\
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- uvwmt n t,ho growth curm W M\tm mlyﬁrof varhm

d!*geroncgg between ;%ﬁp

ttblu. ﬁw‘t 1s tm most fr

recovery rates were botmn thc fuﬂ-{\jn trntmt and tha :

othet sdded- fue! trutmnta. Tho growth cumc ateo indicntn
the onset .of the sdditional disturblncc.kﬂtight qroﬂ&h
dociinod botwton July 22 and August-7 on nearly all of the

disturbed plots, and did not seem to oocur again through the

remsinder of the growing season,

*

_5.2.3 shrub Bicmsas |
. Results of the shrub biomass measurements taken at the
“end of the second growing season indicate that, similar to
‘the recovery rate data, the only major aiffergnce between
trgatmehts was between the fuel-free plots and all of the
other treatments. As shouﬁ in Table 14, hazel biommsé‘was
significantly greater on the fuel-free plots than on the
0.17, 0.87,3.94 and 9.6'5‘kg/‘m2 plots. Even at the end of two

growing seasons, this difference is still apparent.
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Figure 11. Number of sprouts produced for each fire

disturbance level. Hazel (upper),
raspberry (lower). 1980.
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"ij Table 14 Mean adgve-ground biomass (gms) of hazel and o

- " raspberry shrubs for eaoh treatnent 15 months '
' following burnlngs ' e e
L fﬁ“‘tl Fuel load1ng B Jd-"-,~. R

T 017 o7 s g5 T

11 b :8.5‘11&:: 9.79 l;_ O
_.5 a 4.59 a 4.36a :

0

"{hézelil t;359189 a?:u14 66 7
_ 4. 14 . 5n

”5._raspberrygj;2;48'av'.”

o
. %N
"

',/D’U'

NN LR L

_g\, o ;" - >‘ — »»'ru{«

‘*}L-‘Values followed by 31milar letters ina .o
row not sighq\ncantly d1fferent (pso 05) L ey

.w“b Raspberry blomass meas re nts reveal a d1fferent

_ responSe ‘to bunqg g On these plots, there were no‘ NVK§G fgjfﬁf* L
‘“ffe”f d1f¥erences between any of the treatments, b1omass was not

.T.f R s1gn1f1cantly dtfferent in any case Z.T‘ ,fﬁ;. ;;k%t:u -

hbﬂff‘ 5 2 4 Greenhouss B1oassax _tg_y o 4 .
't.‘? HJ" The second maJor obJect1ve of th1s study was tof:
P 1dent1fy and quant1fy those methods of reproduct1on
- 1mportant 1n plant re- establlshment follow1ng burn1ng§'7:'7t;_ff--75
.Pa1red pre and/post burn duff cores were removed from each =
of the 50 plots on the burn s1te The cores were transported
to the Un1vers1ty of Alberta greenhouse and placed under
"fﬁ.opt1mum groW1ng cond1t1ons | ‘zr f e t ‘v' | vll‘
Twenty f1ve of the 35 spec1es emergtng from‘the duff  ;;;*
cores were restr1cted to e1ther seed or vegetat1ve 37“'5 o |
wn; reproduct1on (Table 15).,and both were equally represented w
| (13 seed and 12 vegetatlwe) Ten spec1es or1glnated from _jfj¥3

A
N
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- Table 15. Percent frequenc

of occurrcnco of plahts oripinating from seed o
and vegetative means on burnod and unburnod ‘cores (n = ﬁp). ‘\'
S e , .

R ke ”1 Primary mode. - -
SEED o VEGEIATIVE ;- Of rqprodqction'»

nburnad burnod unburned burngd

L ‘u;vgl,-;' oL e
. Achillea milefotium -

.- Anemons. -canadensis -

+
<

Vo 1f“5 S o la
0C) nUM andrasacmifovium ’ - o : :

. Aralia nud?cau11s

~Aster sp.

a - 'rv"« T
.- Chenopodius album - .4
-Chenopodium hybridum .~ - @
o var.dgiganggsgg vum;j R TR S
Cirsium arvense T 26 .. 24 IR
. Eothus canadensis S R L o a
. Crepis runcinata. N S © BRI B "
vggiiobigm anguttifoljum T - U A
- Erigeron-serisg - ‘ 38a’ 106 - 234 .
- Fragaria ytrginiana FREA . /B2a. . ~26b .. 16 ™
“Galium boreale . . © 208 - ' 46b - .26 -
© Galtium triflorum: ST * BRI 2 2
: eranjum viscosissimum - C.2a 16b IR ¢ I ) 1
~ Geum-allepicum: var. gtrictum -20a‘ﬂ . 38p, - S s
Labiateae RN B T 12 T e g
'fLathyrug ochroleucus L .. . 46a- - -28b ol
. Maianthéemum canadense. - e s 120700 2 v
. Mitella puda\ . e . 4 0 .. N 4. -4 | s+v
]Plangagq pajer - .. - . . . '50a . 24b . RN 'S
- Potentilla sp. - - - R . ea . 2B . Vo
. Rosa scicularis = . . B - SRS - B v
. Rubus pt Q_pescens@ ‘, S e B [o BRI [+ IR A
-, Rubus*'strigosus - v 34 40 ;. 28 U260 s+

- Sanicula mgri andfca'..j~f' B LA 2 UV -
'*Solidago decumbens - - RIS 1« TR o : T St ds

16 . 1w
108" 4b .

[ )

'

F
ACnSU K <nrd

g
RN EDON
(7]
o~
<
e

©

‘Taraxacum officinale S + 38

" .Trifolium repens. = ' .. 14 20 .
cooUrtica gracilis: ST 3 e 360
. Victia. gmericana ol o
Vioia Qggulosa v,"' -“'*;f o] ‘;;';‘ OT
..\\_ ' - -2 . H . .o . . . ) 5
,“thes¢' ! Pairs of. va1ues followed by differ nt: 1etters <o Totalswy, - § = 13~
Lo /are significantly different (p §.0.05) . EEE T A
‘1t Primary mode of reproduction: s=s ed.‘y-vegetative b SV m
Letter in parentheses 1ndicates Si condary 1mportance. i S(V) = 3

a4 3 v
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:seed produced p1ants. o ‘ " A .

DT 00

“

: both sources Of these ‘ten, stx were equally represented by

‘wseed and vegetatively produced plants, three were prtmarilyf‘

iﬁ,dfrom seed with some vegetatively produced plants and’ one ’
*was pr1marily of vegetative ortgin with a small number of

LS ‘“

A chi- square test: was used to- test for differences 1n
!

L _percentafrequency of occurrence of each spec1es between

H‘burned and unburned cores Table 16 presents‘these data,

@

S
Qf Ce
.

ATable 16 Spec1es orlg1nat1ng prihar1ly on burned

" or unburned duff cores,’ based on chi square'*?

test (pSO 05) R . e N
» fseed,qrﬁgin L :_'J'g‘ o e S b', "_“ : u
Erigeron agris .  -unburned* . - .
. Fragaria virginiana - © unburned . R
Galium boreale ~ -~ unburned L
- Geranium.viscosissimum - burned* R .
. Geum allepicum - o - burned o
" Plantago major - = . - unburned -
| ~vege-'ta_'t‘iyé Origin
. Aster sp ‘ ":#f R unburned
Galium boreale’ © - . unburned -
- Lathyrus ochroleucus. . .. -unburned .-
-Poten®illa sp. - . unburned '

_ * unburped s1gn1f1cantly greater number of | o
Sl . plants occurred on unburned cores. - - . i.
significantly greater number of T L

_plants occurred on burned cores.

* . burned




.‘ta»ti S ‘;"g vvtOjl

. o : o
STx species ortginating from seed demonstrated |

‘significant differences between burned and unburned coreS'
UL‘EE ggrgn acris, gggn 2y arta, Qslium DQ_§£~§ .

- Geranium nfmxm_eel_m Mue_sumand__eatmmug.-

-Gf these species g_ acris, F y :gin1agg Galium Qg_gg_g

<and P.. g@jg_ each had sign1f1cantly fewer germinants on the

burned cores. and seemed to be adverseTy affected by - -

"'burning Ggranigm vtgcos1ssimg and Geum Tlegic seem ‘to
be stimulated by burning,.W1th 31gn1ficantly more germ1nants .

Lo on the burned cores .

Four species of vegetatlye or1gin showed s1gh1ficant

t-d1fferences between tbe burned and unburnedbcores Aster

Tsp , g_ boreale Lathyrg_ gchrolgucu and Potegt1ll sp In

5all cases, the frequency of occurrence was greater on

unburned cores These spec1es seemed to be adversely

afFected by burn1ng as well. It is. 1nterest1ng to note that '

FGaT1um boreale 1s represented by seedllngs and sprouts,

' wh1ch are both adversely affected by burning In this case,"

.method of reproductlon seems\to make no d1fference in the K
'response of this spec1es to f1re . ; _ |
| The rema1n1ng 25 spec1es showed no d1fferences between_

- L4

\;burned and unburned cores. . | L
The greenhouse b1oassay data was aTso analysed by
compar1ng total spec1es r1chness (number of spec1es) between

'fall burned and unburned cores A Mann Whltney u- test was
“_used to test for- swgn1f1cant d1fferences in mean number of

_v»spec1gs on the burned and unburned cores Mean number of
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spbcies on. ths burned and unburned cores were not
slgnificantly dlfferent for elther veget&tive or seed ‘
‘produced plants all cores produced an avenage of three "l
species | | e
‘ In ddition to the 50 pre- and post burn duff cores,
._'duff samples were taKen from locations that experienced -
u‘ﬁextreme levels of fire disturbance These locations were

»fusually under downed tree boles or adjacent to stumps where

'.",fuel accumulat1ons were very hxgh‘and the flre burned for

'Slong periods of tlme These samples were also placed under
optimum greenhouse cond1tions Six such cores were removed
a total of two plants became establ1shed on them ‘One ‘was a

:vegetatlvely produced Rubus tr1gosu sprout, and the other

{'
;Hwas a Ge[an1um v1scos1ss1mum seedl1ng Th1s was: the only

"~~1nd1cat1on in. the ent1re study that h1gh levels of f1re

d1sturbance were reached dur1ng the burn - T



,packed around them Lethal temperatures were achieved

"‘B. Discussion'~

\ The initial assumption concerning plant tissue
mortality~due to burning was that thb target plants would

experience different degrees of mortality depending on the

tlevel of fire disturbance Therefore. it was surprising to '

: observe that nearly all above- ground plant tissues were

kilﬂed when subJected to all levels of fire disturbance

E Mortality even extended to those plants that had no fuel

through convective and radiative heat transfer, direct

- contact With flames was not necessary. These observations.

indicate that" the above ground portion of the target plants

is VePY‘SGHSlthe to heating and would probably be' killed byj‘

fires of any intenSity ‘ o '
Convensely,.below ground tissue mortality was nearly

absent. .Lethal temperatures penetrated 1-3 cm into the duff

on somé plots, but the majority of target plants experienced_

no below ground mortality As. mentioned preViously, the high‘

‘idufF mOisture content was probably responSible for

protecting the underground plant parts Fuel loadings far inf

‘excess of those occurring naturally (9. 65 Kg/m2) were still
'finsuffiCient»to generate lethal<temperatures in the lower
7,lduff layers on most plots In additione weather conditions h

*zprior to the prescribed burn were among the driest on record

e

<

T 43 1



'”condvtlons would ever occur

/ultwhibh would result in fires

104

for E1K Island National Park. Less than 2 mm of rain had
fallen~stnce enowmeltysandkllr temperatures of 25-30°C were
“common two to three weeks prior to burhing. ¢ These
conditions were certainly extreme for this ‘area and this
~time of year, and yet :he duff was still moist enough to
.fully protect the undergnpund portions of the target plants
| The hlgh duff moistur

| content in the face of extremely
dry weather conditions rals 8 the question of whether' o
in spring in boreal aspen stands -
vere enough to Kill the .
underground port1ons of ‘respro t1ng shrubs Based on the
-observat1ons made in this study it ‘seems unlikely |
" Conditions may never become dry enough 1n sprlhg to allow .
fextens1ve mortality following burq1ng The only condit1ons‘
f'under wh1ch sufficiently 1ntense f1re behav1or ma occur 1s'
heg@y accumulat1ons of large d1ameter woody fuels (aspen ~
-trees) However, due to the muTtI aged structure of ‘the

aspen stand on the study s1te th1s 1s unltkely to happen A '

'L more common process 1n these stands seems to be a tree by .

tree replacement sequence w1th sucker1ng aspen reproduct1on

'7;~replac1ng 1nd1v1dual older trees as they fall In add1t1on,?

~ ~rap1d rates of decompos1t1on on these meslc s1tes reduce the:-

4 . "“,.

.[_accumulat1on of woody fuels 6 I .'_ -n_ N : »&':*»'

- . ke

5. Unpubl1shed weather records on. file at Elk Island Nat1onal
- Park, Alberta:

-6 @G, H [aRoi Botany Department Un1vers1ty of Alberta L
Personal communtcatlon, 1980 oL - e
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large fires of ‘the -late 1800's
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Thele obaervatlons also raise the question of the
hlstorlcal resence of fire in these stands. Kjorlien (1977)

reports that the area including the park experienced

frequent ftredcln the past, and was entirtly'budhed over in

1895, Yet, {f large fires are unllkely to ogeur in these

fuel types. how yere these flres supported? Apparently the

vegetation ‘is much different now than it was prlor to the

Whltexspruce was a significant component of the forest
vegetation prior to the 1895 fire A recent study (Vance
1979) has investigated the paleoeeology of the ElK Island _

ANat1onal Park area,- based on. lake bot tom cores taken from

the park. Results of thls study indicate that whlte spruce

has been present 1n the area for thousands of years The

A}

frequency of fire in the area was lower prior to settlement

(Kjorlien 1977), and whtte_gpruce was. probably present in

V-greater numbers then due to 1dss frequent d1sturbance As

settlement occurred dur1ng the late 1800’ s, the 1nc1dence of

'f1res 1ncreased (KJorl1en 1977) and the area 1nclud1ng the

park was eventually burned over 1n 1895n The fire. was

—

'probably severe enough to el1m1nate almost all of the

ex1st1ng wh1te spruce remnants surv1ved only in protected

areas along the laKe shores and on the 1slands in Astot1n

LR: Lake (Polster and Watson 1978). Due to the small numbers of

surv1v1ng spruce the present seed soufée is 1nsufflclent to

allow the re- establlshment of wh1te spruce on - the areas'

| buraedy1n -the past. As a result, aspen is replac1ng 1tself
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on these sites, creating areas much more resistant to
burning than ‘the former spruce-dominated sites.

e

6.2 Recovery Rates

The most consistent result obtained from the hazel
recovery data was the d1fferences between the fuel- froe‘ ]
treatment and the other ndded fuel treatments. Of a totnl of
250 comparisons, 76 1nd1cated significant differences 1n
recovery rates between the no-fuel and addded-fuel
treatments, -but only fcun=of these demonstrated differences
between the other disturbance levels as well.

Hefght growth inlparticuler showed large cffferences
between the 0 kg/m? plots and the other treatments (0.17,’
0.87, 3.94, and’ 9.65 kg/m2). However, thesemlarge‘
-differences may be due fb the meesurementﬁtechniquea
ihvclvedvas well as the fuel treatﬁenfs. The er1-free plots
did experiehce some fire-induced mortality, but due‘to :
non-uniform rates of heat~fransferlfrom'the surrounding :
'fue].fsome portions of each plant remained alive (Fig 10).
In - -some cases, these unburned port1ons of ten occurred 1n the
upper shrub canopy and acted as sites for new- sprout
product1on. $1nceAhe1ght growth was measured from the duff
asurfece to: the tcp cf;the highect growing bud, the height~
measured for the sprouts cn the Fueﬁ-free bicts may have
».vbeen overestImated If this factor is taken into account

ethere may be no actual d1fference in hazel he1ght growth .

N . o . o S ,\\f_



" between any of the troatmnntc. Number of ldg;ow ptr“ , S
hot confounded by this factor. a8 l” feHm wcﬁmw‘m x
on all the' target plants regardiess of fue! loudinq. R
 The number o’wﬁniol sprouts did not dtfier 4‘ . R

significantly between sny of the treatments. Rates of

recovery did vary, but the smount of re-estsblishment .e.
number of sprouts) was the same. This seems to indicate that
the effect of burning on hazel re-establishment 1s not to.
reduce the number of sprouts produced, but instead to roducn
the raj of growth ¥ollowing burning. |
| Number of leaves on the undis turbed plants stho&
significant differences between treatments on the first
three measuremeht dates only. It may be that differences
which,were‘appareht immediately following burning became
masked as otheb tmbaets on the plants occurred. Naturai leaf
fall mortality due to competition, and different growth
' fates may become more important in the months following
'burning. The‘direct effects of the fire may not persist
through'the‘first growing season, barticulaply if the fire
was_hot eevere'enough tb damage important underground
' perenhating'orgens~ Invéddition. the secondary'disturbance~
observed in this study may have masked other effects of
‘burn1ng | |
Rates of recovery on the plots w1th the heaviest fuel.

load1ng rap1dly caught up with those on the less severely
.'burned plots (F1gs..11 15) In partwcular. he1ght.growth of

the heZel sprouts onvthe,heav1est;fuel load1ng plqtsv(Flgs.i

R Y
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 Teproguce. UsING -ON Ly ‘One. MeTNoa OF anotner. A Tew Specles ...

seemed to be stimulated or 1nhib1ted by burning. but the-f'

% v‘}y:were ndt apprec1ab1y affected\\lt should be
ment:oned that these results ocourred under l1ght to .

moderate burning cond1t1ons and the response of these

\-

,ffBased on observations made 1n this study. the

L reproduct;ve‘strategies of
d1fferent Raspberry was e'ually repnesented by seed andffff;ff~--f

B

the target p1ahts are—qu1te o

vegetat1vely produced planas and did not seem to be B
‘adverse1y affected by 11ght burn1ng Raspbeﬁry was present d’tj'<

”V’A1n ]arge numbers, and seems to reproduce readlly fo]low1ng

tfjre These observatvons agree well W1th those made by

'&nfothers, Moore and We1n (1977) report that 90% of the v1ab1e litﬁac

seed recovered from?undisturbed Forest floor samples was

Rubus tr1gosu ' and several authors have reported profuse :‘, R

resprout1ngxof raspberry follow1ng burn1ng (Lutz 1956

”“T'J.Foote 1976)

1951). and,were-not 1ncluded 1n the duff cores Haze] 7?5"Vflt




.7 usually 1imited 10°S1TeE ThAl are UNA1SIUrDeq and. possess a

N ,.\\.,« .
Eia

l.large population of small mammals (Tappeiner 1971)

R . B b !

6 5 Duff egth[Weigh § gx ol
-vh The® regression re]ating duff depth to duff weaght d1d

"‘fgnot accouht for the var1ab111ty Found 1n the measurements

Yo \\ V

7,25311” *There are several reasons that may account for the high

wvar1ab111ty 1n the obserVations.‘F1rst, a smaIl amount of
E'-fm1neral so1l was unavoldably 1ncluded w1th each sample
'1Ad1‘A]though the samples were oven dried clay 1n the\m1neral _
*”?h so1l st1ll conta1ned structural-water wh1ch ﬁs dr1ven off at |
nlj{f’h1gh temperatures D1fferent1al thermal analys1s fpr
' r7?montmor11lon1te clay, the predom1nant clay on the jtudy
s at

t]fgﬁ]s1te, 1nd1cated that losa.of structural water occu

. .ff‘600 C (Mackenzle 1964) The same analys1s also 1nd1cated
) *7fithat bound water 1s dr1ven off at 100 150 C These' ater U7f‘

:7?;;losses maY account for sOme add1t1onal we1ght loss However,ﬂfiw

“*ﬁsz;the clay content of these 3011s 1s rather 1ow (Crowm 1977)

\{tkitnd would pPQbabe not be suff1c1ent %o cause the d Fee of ,hitr

1val1ab111ty observed L v »
"'-J,Another source of var1ab111ty may be the d1fferent

}fdfh}proport1ons of F and H layers 1n each sample Each of these

"f“_.layers have d1fferent bulK densat1es, and s1nce they:h-?*v’vﬁ

VL
Ay

'““”f;jrepresent d1fferent stages}o ;decompos1t1on, they mayvffﬁuh:‘

v”tﬁconta1n d1fferent relat1ve amounts of ash and organ1cr7,ﬁtff=‘5:7“z”

'}>ﬁmatter. Therefore, the amount of\combUSt1ble materlalim{tisffffaff7

Y



vary ddb touthe diffenhnt proportlons of*F and H layers
present as well as t le’ depth of duff R

Th\ proportion of F &nd H layers 1n the soil core may

3yfalso vary. due tp differences in vegetative cover The :F

ﬁoverstory vegetation on the site was relatively uniform but‘e'vy°

7<the understory bover varied considerably between sample

Qlocatibns Variation Fh understory composition will affect

'"'-iﬂnot only the amount of litter produced annually, but also

‘h'ithe rate of decompOSition Differences in chemical makeup. .
7lfpalatability to micro organisms. and resistance to ;2

”?fweathering will all produce variations 1n rate Of litter

‘if‘ndecompOSition (Mellin 1930 Van Cleve 1971 MacLean and Wein55fff'

' s f1978) Different rates of decomposition between sample

"*ﬂin layers

| f;locations would contribute to different proportions of F. andﬁ-}f~jn

2

A ";*Q- S
Local fire history may also have an effect on the

xufproportion of different duff layers present Forest f%reslw'fiii

ii?ilare usually characterized by large variations in. fire

j@inten31ty (Van Wagner 1979) and seldom remove uniform

‘pAamounts of duff For example a fire paSSing through the

'T}:study Site in the past may have removed a\bortion of the F fﬁ‘xifﬁ*

"f:layer, leaVing the H layer unburned An adJacent spot may

"-”ihave not been burned Two adJacent samples would’then‘have ﬁ“;jﬁ..

"irtlgfvery diffePENt ppoportions of F and H layers present

e 1?also affect the resu]t%_Of the loss on ignitio

/

Mleng of mineﬁgl 5011 into the organic layers would

g:determination SOil mi&ing in the park may be caused by 5011153,{

’ -

ESUNERE
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organisms smd1] burrow1ng mammals (Armson 1977). or buffalo‘p.A

“yrolltng on the ground S1gns of past animal act1v1ty may notfh,'

o be ev1dent but ‘could have contributed heavily to soil

| mixing -

In general. a duff we1ght/duff depth relationship seemsi' o

t° be'a “ser] tool, 1n\spite of the var1ab111ty observed in

th1s study PreV1ous attempts (McRae et al 1979 Hawkes and}-“;‘

Lawson 1980~ WOodard and Martin 1980) have a1l prodUced
sign1f1cant relatlonships that enable site spec1fic '

determ1nat1ons of duff we1ght from'duff depth Closer;:'

attent1on to sampl1ng methodology would probably result in a\ ﬂ'f,;

“3‘ more acceptable relat1onsh1p For the boreal mixedwood forest":fh

‘f:as well

6 6 Prescr1ggg Burn1ng 1n Asgen Stands ‘};h" A-;n heﬁ.;'§,ﬁ.v”ﬂvi

| ';, The f1re behav1or observed dur1ng the prescr1bed burn;d-
prov1ded some 1ns1ght 1nto the advantages and problems »7“

'assoc1ated w1th prescr1bed burn1ng 1n aspen forests N

Early Spr1ng.burn1ng cond1t10ns seem to be 1deal for ”;

ftres of low to moderate Sever1ty 1n aspen stands 1n‘v'
Alberta The 1mpact of f1re on vegetat1on 1s m1n1m1zed due -
to the h1gh duff mo1sture content and the 1acR of green
fo]1age (Ba11ey and Anderson 1980) Fuels cons1st mostly of.'

I
and flres 1n these fuels are ea31ly controtled w1th wet

V:fi;];- llnes and narrow fuel breaks (Dube 1979) Spott1ng seldom S Jwvd

. voos

ltght flashy grass and leaf }1tter w1th low res1dence t1nes fﬁ,Q‘fiﬂ



‘control problems «f ;.5’3. co 7';5~'

-occurs because these smnll embers self extlngulsh soon after
‘be1ng blown of f the burn s1te Crown flres are vlrtually
'f"non existent in these stands due to the laok of dry follage.
i'short flame lengths, low crown bulk densities. and lack of

1ladder fuels tVanWagner 1977) Fires in these stands are

‘j_geherally llmited to surface burning and present no major

Burning 1n late spr1ng or early summer results ina f~

o/ f;‘fdlfferent set of conditions Once transpiration has begun,_"'

so1l molsture on upland sites 1s rapidly depleted and the -

;duff becomes dry enough to burn (Buckman 1964) Duff

| f'consumpt1on may result in: s1gn1f1cant damage to. underground :

vlreproduct1ve organs (Fl1nn and Wein 1977) and to seed burled.g*l

t$l1n the duff (Moore and We1n 1977)

’ s " Y‘ .
: " S
Conversel.y tgreen fohage usually renders an aspen .

_: forest 1mp0551ble to burn effect1vely, some workers have
hsuggested u51ng aspen stands as f1re breaks (Fechner and ‘-:t
‘Barrows 1976) Strong w1nds,.low humtdltles, and h1gh a1r e
“temperatures are usually necessary to ach1eve adequate - |

»j'burn1ng cond1t10ns “in these stands, but they w1ll also ;"

:'f,result 1n errat1c and dangerous f1re behav1or (Wr1ght and

s?Ba1ley 1980) Dry dung p1les. rott1ng logs, and deep duff ;1ji":K"

’”3Laccumulatlons may. prov1de 51tes for holdover f1res,‘and spot"f

SRR f1res from roll1ng dung have been observed dur1ng prescr1bed .

”A°7burn1n9 1n east central Alberta (Balley 1978) In addltlo”v::fh‘

'iﬂheavy accumulatlons of shrubby fuels often supply large

";numbers of firebrands wh1ch cen cause extens1ve spottlng



(Bailey and Anderson 1980) | ‘eiﬁf"'.;"‘k o . ”rt;

Another approach to shrub eradication might be to burn':r ‘

these arees ln the fall, following the first killing frost
7

The grass ‘and’ Jeaf litter fuels will be dried the absence :

| S of\cf_opy foliage will prevent crown fires, and the shrub -
/(;>/’/;f/)rootlreserves will be at their . lowest levels Buckman (1?64)
, ;‘suggested that fall burning ‘may- result in substantial hazel
. *,nmortality g | o AT BESTN | mm
~In. general,.spring burning conditions will produce'/
'.surface fires of low to. moderate severity. which are easily‘
. controlled Summer burning usually requires more extreme 7

| ?weather conditions, resulting 1n erratic fires which are ‘:,

37difficult to control

A ‘\_y‘,; e



."Artificial fuelbeds provide an. effective méans of

7 COnclusions

’,Asubjecting selected target plants to controlled levels
“,of fire disturbance Fuels can be fully documented as to

i-moisture content weightt and physical arrangement

"f‘Uniformity in fuelbed size and arrangement is easily L

gachieved and construction of the fuelbeds under field
vconditions presents no major difficulties Burning

;conditions tend to be fairly uniform between similar fg

' ‘fuelbeds, allowing replioation of treatments Fire }V

: behaVior is eaSily documehted and can be varied-over a

frange of disturbance levels Burning.treatments can be

“fﬁapplied to individual plamts, enabling obServation of

:'the speCific effects of burning Fire is eaSily confined :

S— L
=%,

: to each fuelbed, reduc1ng the need for a large
- suppreSSion effort |

‘The most important fuels in aspen stands under spring

‘“tburning conditions are- grass and leaf litter WOody

".‘fuels are not an important constituent of the fuel

-t_complex. and other vegetation is’ unliKely to burn

}1because of high mOisture contents and the lacK of

:f flammable foliage Fuel loadings on the burn Site'”*'

'r_averaged approx1mately 1 Kglmz‘ and ranged from 0 5 to

f:4 0: Kg/m2 f f j;‘;f gﬂ"f.iff

. fDuff weight is poorly predij;ed from measurements of ,g»ﬁr1;~‘
'rduff depth Variability in- erved duff weights, as. .

'J{'determined by loss on ignitibn, may be explained by loss Rae
|
]

ii7‘
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- decomposition. and mixinq of mineral and organic g\

/

of gtructural or bound water. variation in propo tion of ‘

F and H layers varying rates of understory folia‘

horizons through animal: activity b \

4

Weather conditions. fire weather indices and fuel

\ moisture contehts were within previously published

burning presoription limits but were probably less than I

optimum In’ sp te of very dry spring weather, duff
moisture remai ed high (12i 3%).

Fire behav1or under the aspen canopy was of low to

| moderate severity, and l1ttle damage to overstory trees
resulted from burning Fire 1nten51t1es (IB) measured in L

' natural fuels varied from 50 to 18 600 KN/m Fire :

1nten51ty was highest in. areas\of heavy grass |
accumulation but sﬁort residence times prevented damage'ﬁ
to underground plant orgaps ~_ "4 ‘ ‘
. Fire 1ntens1ty has often been used 1n describing
the severity of a fire and 1ts 1mpact on vegetation

However thevresults of this study 1ndicate that fire

-7 .

i "i'inten51ty; as expressed in KW/m or: KW/m2 may be ﬂ

1nappr0pr1ate for measuring the 1mpact of a fire on

vegetation

. v

Two shrub spec1es beaked hazelnut (Corylu cornuta) and, |

"ﬂjb wild red raspberry (Rubus‘ trigosu ) were chosen to testd'

the effects of varying levels of fire disturbance on:

post fire plant re establishment Different levels of .

: \



‘} - .
f]epruce alats packed around the base of efgh target
iplant Total heat release was used to quantify the heat
flux experienced by the target planta._lotal heat
" release varied: from 3217 to 180, 439 kd/m2. '
fA ‘solution of orthotolldlne and hydrogen perox1de was’
used to determlne ‘the extent of fire- 1nduoed mortality
- on the two target spectes All portions of above ground
stems exposed to heatlng were Kllled There were no |
gslgnlflcant differences 1n amount of mortallty between o
the. various levels of fire disturbance Below- ground

"<mortality extended 1-3-cm below the duff surface on a

'few plots but was not - statlstically stgnlficant Al

} 'other plots experienced no underground mortality The R

lack of underground mortallty was attributed to the high~
_duff mo1sture content _ _ :
.-VThe recovery rates of the target plants were mon1tored
following burn1ng. The number of sprouts‘d1d notvvary
significantly'betmeenbtreatments Height growth was
1s1gnif1cantly greater dp the fuel free plots, but thls
may have been due to poor measurement techn1ques The B
number of leaves produced by each sprout d1ffered | |
'51gn1flcantly on’ only 41 of 250. compartsons The lack of
' 51gn1f1cant treatment effects was also attr1buted to the_:‘
ﬂ_h1gh duff mo1sture content - '
;The greenhouse b1oassay study revealed that the number .

‘of spec1es ut1l1z1ng etther burled seed or vegetat1ve
v

s reproduct1on 1n post f1refplant re establ1shment ‘was "J
i : _ , .



' P ,“

‘rapproximately e uel, A fow lpectea leemnd to be etth,r
stimu}ated»or i hibited by burn1ng. but most ahowed no

cores were qybﬂqgt:d to ltght burntng

o nly. and\plant response at higher disturbance levels

laffect.

‘»may be qu te d1fferent. Average number of emergtnq
plants did not vary stgn1f1c‘ptly betwsen burned and
“unburned cores,,for either seed or vegetatively produced
plants. _ ) '

Suscepttb 11ty of hazel and raspberry to ‘damage- by
fire varies be&\use ‘of théir different reproductive
‘strategies,.Haze] did notﬁreproduce from seed in the
study area”rollowtng disturbance JandlitS“underground o
stems .occur deeper "than raspberry (5-10 cm below the
- duff surface) A severe fire would be required to dama e
't underground hazel stems and fires of this magnitude are
unlxkely to occur in aspen stands in the boreal forest.

: In'add1tion underground hazel stems are much larger in.
W;d1ameter than raspberry steMs, and could probab]y
w1thstand a greater amount of heat1ng

) Raspberry seeds occur in the duff layer at depths
as shallow as 2 cm. 0bservat1ons made durlng th1s study

f-1nd1cate that - raspberry rhizomes occur at depths of 0 5

o cm,fand are usually rather small in d1ameter (2 -5 mm)

'vBurning under cond1t1ons whtehya Wgw substant1al duff
.consumpt1on would probably eltmtnate raspberry ) '
o propagules from the s1te. IH general. raspberry 1s more ‘

; suscept1ble to f1re than is hazel



N

10 Prncrlbod burning undcr sprlng condltloni in borul | :
miXxedwood stands 1s unlikely to achlcvc the stated Goals o
_of the ETk Island National Park burning program. Use of |
burnlng to rcducc or climlnstc hazel cncroschmnnt 1
not‘bo sffoctive because of the rcgcncrstlve m.ohsnl ms
utilized by‘thls_lpecics.,chﬁoductlon followlng fire a
" occurs by resprouting from undcrground stems, and nlgh‘
spring duff moisture contents will prevent sprlng fires
from damaging thofreproductlvc'ordsns In addition, the
lack of heavy fuel accumulations will reduce the firo ‘
disturbnnce level experienced by the shrubs. and short S
residence timss of the grass and litter fuols are i‘
'1nsuff1c1ent to provide sdequate heat penetration.
Summer prescribed burning under lcwer duff moisture
conditions may result: 1n some hazel mortal1ty. but green
| foliage will prevent large-scale burns unless burning is
'conducted under hazardous conditions. ’

' However, if the objective of burning is to %

: controlled fire behav1or. and hazel will resprout |
profuseﬂy Raspberry is also stimulated by moderate
spr1ng f1res and w1ll reproduce in large. numbers
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plant r :esta?11shment S e
f&ﬁd.The‘hffeft of burnlng on browse product1on has not been

¥,

| ,.lih1nvest1gat.d f'r the EIK Island Nat1onal ParK area. Due t°. *Ldiuh
ff*fﬁthe importance of w11d11fe management Lﬂ the area b”""‘"gm

"~ff3should be 1ntens1vely evaluated;as a hab1tat management

; 'u:rﬁt 1. These studles should“be 1ftegrated w1th chers,fw

'h*1nclud1ng ungulate populat1on dynam1¢s, to determ1ne the ;;f*jf“v”

'flﬁ*overallfhnteractﬁons between‘f1re and w11d]1fe

A rather un1que aspect:ofvthe park 1s the dlstr1but1on

_'””hrs currently 11m1ted to 1ake fjghttfh"f

. iw*shores and some sfands 1niAstotin Lake, presumably due t°
':"ffthéﬂﬂarge f1re 1n:1895 (KJOPhen ‘977) A detaTIed E

, "“itnvest1gat1on of the distr1but1on and reproduct1on of wh1te -?rﬂjxjff

: M?f,spruce would 1nd1cate the fire hlstory of these spruce

hf;stands and ‘t

"ipotent’al for future spruce establlshment 1n ﬁ?h:_ fi

‘*.a“yfother areas of’tﬁ/ park
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