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ABSTRACT
Ve

Macro-mesoclimatic effects on Picea mariama seéd
production and seedling success vere found limiting south of
the ~modern forest liﬁé near Inuvik, N.W.T. Germination and
survivorship are also affected by microenvironment of a well
déveloped soil hummock terrain. A lower cardinal tempéﬁature
of 15°C was found inpértant in determining timing and
suécess of gerlinétion. Seedling establishment occurred only
within 1-8 years after a fire, accentuating the‘precarious

state of treeline.

Pield measurements of water relations, when compared to
laboratory determinatiéns of leaf water p;tential vVsS. net
photosynthesis, sugges:t no water stress % related
photoéyntheticAimpq;;jg;f dﬁring 1976 for ﬁatufe trees,

5
Winter measurelents'of vater relations alsq suggest no water
stress. Maximunm ahd: minimum leaf water potentials were -7
and -21 bar on 4 Augustvand 1 July, respectively. First year
seedlings, dénonstrated an inébility to confrol water loss,
both in field and labofatdry experinents:

] ’ . (8

P;éea marjana dominated vegefatidn at treeline was
described and little change latitudinally was found. "~ All

stands veré even aged and of fire origin. Growth rates of

P. mariana decrease with increasing latitude, and -

- iv



~

competitive density reductions weTe foundiwithwincreaSing

stand age. A model simulating tgnd‘\reprqduction vas | |

-chstructed and the effects of fire inté val on treeline
were investigated. Fire intervals, between do,and 225 yéars,
were not found to affect silulated. ;and rebroduction but

shortger or longer intervals reduced simulated reproduction.
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I. INTRODUCTION

In studying the causal  factors® of Sspecies
distribufions, it has been established that these studies

are best carried out near the limits of the distribution.

Picea marjiana (Mill.)BSP. is of Phytogeographic and ecologic
interest because of 1its boreal North America distribution .

and relative importance as a treeline species.

Previous treeline studies have been of a vegetatiohnal
(Larsen 1965, 1971a), éalynological (Nichols 1975 , Ritchies_
and Hare 1971) or climatalogical'nature (Bryson 1966, Hare
vénd Ritchie 1972, Larsen 1971b). Much speculation on the‘
species interactions was presentéd in these studies but
these speéalations were based on a minimum of autecoiogiéal
information coﬂcerning the key species involved. These

studies operated in a confusing network of terminology which

required clarification for this presentation.

Love (1970), based on Hustich ‘(1966), provided the
wvorking terminology Applied in this study. she divided the
northern coniferous vegetation in Canada and Algska into the
Subarctic and Boreal (Taiga) zones. The Subérctic Zone
ranged from "treéline", the limit of treeé regardleé; of
species (Hustich 1966), to "closed boreal forest® or the
"econonic.forest iine" (Hustich 1966)." Tieelide should ‘be_
separated fron sp;§iesv line, which is the limit of one

L
species regardless of .dJrowthform (e.g. tree or prostrate
. SN ‘ _

~- r
: A\



shrub). Within Ehe Subarctic zone from treeline fo fo:est
line, the "physiog;omic forest line" of Hustich, was defined_
as a broad transitiornal or "forest-tundra zone". tore;t line
¥as gemerally defined as ‘the limit of foresz"vegetation
coverihg 50% or more of the laﬁdscape. fhe'uide‘spreéd
forest within the Subarcfic zZone betveen.the forest line and
closed boreal forest was termed the "opén boreal forest".
Opeﬁ boreal forest in phis study ;as, een used in synonomy
with "subarctiF woodland"™ (Rowe 1972); "open woodland" (Hare

and Ritchie 1972) and "lichen uoodland" (Kershaw 1977).

Associated with the demarcation of these zones has also
been a search for the causal mechanisms, among the earliest
of which was Halliday and Brown's (19%3) correlation of 10°C
mean July temperature with treeline. Hopkins (1959),lin
response to observed discrepancies in this correlation for
Alaska, intfdduced the‘ﬁegree day concept to enVironientally
separate Alaskén vegetational- zoneé. Bryson (1966) - and
Larsen (1971b) solidified these correlations with work
concerninga“the frequency of major air mass;occurrences and
vegetational boundaries. Hare and Ritchie (1972) noted .
chaﬂges_in energy budgets and net production associated with
the vegetational zones.and cautioned that "This‘relétiqnship
works as an interlocking. system rather than as a simple
control of vegetation by clinate; the:. stéucture of the
vegeéation, because of its effect on albedo andvaetodynamic

roughness, markedly infldénces climate.”®



‘;nvestigationéninto causQlw factaors of -“treeline" iust‘
also include the effects of past treeline moveuéhfs which
A';have.occurred at varyiEg spéeds and irtegular intervals from
the last proglacial event. uigrétionlof\boreal forest tree
.spbcies to present treeline.posiiiop Qég;nifrgu proglacial
positions (14,000 to 15,000 radiocérbon years B.P.}) 1in the
United Sfates and southwestern Canada \(Whitehead 1973 and
Ritchie 1976). These amigrating }forest é@ecies invaded a
post-glacial "tundra" (12,900 to 11,600 B.P.) occupied by

Q ' .
Betula, Shepherdia and Artemisia in Western Canada (Ritchie

and Hare i971 and Ritchie 1976) gimilar-ﬁb fhe proglacial
assemblage described for interior Alaska knatthevs 1974).
Forests ueré érobably present (6,200 B.P., Nichols 1975)
immediately after deglaciaticn in the District , of Keewatin
(8,000 B.P., Bryson et.al. 1969). Ritchie (1976) suggested
.possible establiéhment.on the stagnant ice and till 'surface
to explain this immediate appearance. These invasions
occurred between 1{,609 and, 8,500 B.P. in the northwest
District of Mackenzie with the establishment of a
"continuous spruce,foreSt"zby.B,SOO B.P; on the Tuktoyaktuk

i
i

peninsula (Ritchie and Haré 1971) . This ccntinuous spruce
forest recained until-S,SOd B.P. near Tuktoyaktuk or 4,800
B.P. in central Keewatin (Nichols 1975) and was believed to
be in respoﬂse to hlgaer summef mean tempetatures (¢+59 and

+4+1°C, Ritchie a =2 1971, Nichols 1976, respectively).

Picea, in respon. -~ . s Hypsithermal climatic change, wvas



probably 306 km north of the modern position in Keewatin and
reached the Beaufort Sea in thé District of Mackenzie. After
5,500 B.P., kitchie and Hare report a reduction in tree
cover and from 4,000 B.P. to the present dwarf birch-heath
tundra has dominated the Tuktoyaktuk peninsula. Nichols
(1975) reported a ‘similar but rapid retreat.of treeline
after 4,800 B.P. and unlike Ritchie aﬁd Hare,” an advance
between 4,500 to 3,500 B:P. Forests subsequently retreafed
in Keewatin g§'100_km sduth of wmodern positions by 2,100
B.P. Amelioration of the climate during éhe "Little Climatic
Optima® about 1,200 to 1,000 B.P. caused an advance of
treeline 100 km followed by - retreat at 600 _B;P. to

approximately modern positions.

The differences betveen Ritchie and Hare and Nichols®
regional interpretations for'ﬁ,OOO B.P. to present, might be
;n artifact of the sampling intérval (2 ‘or 2.5 and 5 cnm,
Nicholé 1975 and Ritchie and Hare 1971, respectively) but
was probably due to the location of Ritchie and Hare's sites
north of treeline, maskinq_treéline movements to the- south.
Nichols suggested the possibility of reduced treeline

movement in the District of Mackenzie compared to Keewatin.

Nichols also reported the occurrence of "widespread
broadly synchronous fires" at 3,500 and 600 B.P. with
inmediate replacement by tundra vegetation. .These

observations supported earlier observations and dates for

buried soil and charcoal horizons north of modern treeline



in the District of Keewatin (Bryson et.al. 1965 and Sorenson
et.al. 1971). _Thesenfires were believed to be indicative of
climatic change,. specifié;lly the amovement of cool dry
arctic air south, and were differentiated from fires after

wvhich recovery of forests occurred within 50 years.

Outposts of Picea currently in the forest-tundra zone
were generally considered relict from these past advances of
forest 1line (Larsen\1965, Nichols 1976) . However, reported
invasions of forest-tundré or | tundra vere found
(Griggs 193“{ Hansell and Chaht 1971, Marr 1948). These
observations unfortunately wvere difficult to interpret of
have been re-evaluated in view of increased knowledge of
glacial history (see Ni~hols 1976). Retreat of forest line
and appérent destruction of forest during the retreat by
fire, posed questions concefning the role of fire. This was
further gquestioned due to the widespread occurrence of
burning in closed and open boreal forest (Heinselman 1973,
Johnson and Rowe 1975, Rowe and Scotter 1973, Viereck 1973)

and somewhat limited burning of +tundra and forest-tundra

vegetation (Wein 1976).

Disturbances of the vegetation and altered environaent
for re-establishment of the vegetation (Mackay 1970, Rouse

//iéd Kershaw' 1971) raised questions concerning the biology of

tree establishment in a limiting enéironment. Environmental

limitations ‘have been speculated concerning seed -production

and seedling establishment of Picea glauca (Nichols 1976)



and P, mariana (Larsem 1965, 1974) in North America and

other species in Asia (Tikhomirov 1962) but no detailed

studies exist. .

. Dominance of forest line and forest-tundra . vegetation
in the Lowver Mackenzie Valley by P. marijiapna (Rowe 19?2) and

reduced importance of Picea glauca ~and Larix laricina

compéred to eastern r?gions adjacent ‘to Hudson Bay
(darr 1948, Ritchie 1959, 1960) raised the question: Why is
P. mariana successful at forest line and what are the
controlling factors? This question has implications on past
distributions of P, mariana and associated environment, but
alsoﬂ on vegetational pattern observed by Zoltai and
Pettapiece (1974) on a microtopographic scale. These
questions were ©pursued with the knowiedgé that recent
climatic Harninq during the past two centuries "may have
‘been tod small to move the ‘'seedling treelinet .ndrthwdrds“
beyond t he present woodland-tundra ecotone which was
previously established under sﬁbstantially varmer
conditions. " Thus, the- | hypothesis‘ of the
historically-established position of some modern ££eelines
implies that a consisténtly successful establishment of
spruce seedlingsvdue to that recent varming should also be

searched for within the present northern voodlands, not just

in the southern tundra" (Nichols 1976) .

This study was .  .ertaken to elucidate autecological

factors controlling the limit of P. mariapna at treeline and



to provide a baseline of information on climatic effects for
this species. Autecological factors investigated were: 1)
the role of water relations and photosynthesié ine
determining the success of germlings (first season
seedlings), seedlings and mature trees; 2) geraination
potential and production of seed; 3) germination and
seedling establishment; 4) growth of seedlings to mature
trees; and 5) most important the role of climate and fire

interval in the success of the species.



II. SITE DESCRIPTIONS
— .. .

oy ‘ ,
\ - - i |
'\ A) Locations '3 )
The study areas were located élong a@a north-south
transect (ca longitude 133°30') from 40 fh.northtof’lnuvik,
District of Mackenzie, Northwest Territories (ca latitude
68°40%'), to éhe commurity of Arctic Red River (ca latitude
67°25') . This 135 km transect was divided a Bg§;g£;gg; into
4 ecologic regions  (rig. 1) bésed upon growth “and
reproductive potential for P. gég;ggg. Regions defined on
the 'study -transect vwere approximately 40 km across ahd
encompasséd an area within which samplin§ was - considered
homogeﬁeous for that region. Acceés to the area was obtained

by helicopter north of Inuvik or along the Dempster Highway

for southern sites.

Region I (latitude 68040' to 68°24') was within the
forest-tundra north of continuous forest., Region II
(latitude 68924' to 68°08"*) was‘tﬁe Anorthérnmost limit of
open boreal forest and .was delimited, based on observeé
limited grovth’ahd reproduction in established vegetation. -
‘Regions IIi‘aqd IV (latitudes 68°908¢ to 679%6' and 67946' to
670257, respectively) wvere regions in which reliable
reproduction of-stands was recorded in cogjunctidn vith.

generally improved growth rates. Locaéions of sampling and
instrumentation sites wvithin these regions are presented in

Table 1. .



v

Flgure 1. Map of the study transect.
Roman numerals and dashed (---) lines
delimit study regions. Dashed -and dotted
line is the Dempster Highway. Open symbols
are instrument sites and closed symbols
mark communities. ‘;
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Table 1. 'Site locations and uses for Study transect.
Sites shown are instrument, vegetation analysis,
burn scar samples and cone and seed production
measurement locations.

T T T ST MR h e M e R R TR MR T S G D s W D WD ME Y R R W e R S W M R T Y Y G W W T M R D AT > e W =

Site Latitude/Lonqitqde Instr. Veg. Burn Cone
Region I _ '
Ta , 68940'Q0"/133027*50"  x X
Ib 68939152n /133027 08" ks - X
.ﬁegion 11
N 689231417 /1330429 08"  x x .
- IIb 68923'10"/133044937n ‘ \ x x
IIc - 68°19'00"/133°30*00" : x b ¢ X
I1d 682181 10" /133916 25" 3 X x x
ITe 68°14'3717/133017108"n o X X X
IIf 680141 19 /1320287 54" b ¢ b ¢
~IIg 68913*14™ /133020 00" . S ¢ X
ITh  68°10'417/133025143n . x x
IIi 68°10'41"/133025143n . - . b ¢ b ¢
ITj 68910'41m /133025143 n : b ¢ )
"Region III = .
IIIa 68904+ 05"/133028'5u" x x x
ITIb " 68903'32n,/133029n37n C X b ¢
IIIc 68°02%'42"/133928133m D 4 b 4
ITId 68902'01"/133028¢ 12n S ¢ % X
IITe 68°02'01"/133028* 12" b ¢ '
S 68200'21" /1330281 54" S X b ¢
IIXIg . 67959'03"/133027108" ' ; x x .
IITh 67955'40"/132032142"n" - X b’ x
IITIi 67°55'40m/132032%42n x’ x
ITIj 67952'50",/133032¥29n ) x

- Region IV 1 '
IVa 67°44'30"/1349511 00" , S x x
Ivb 670377107 /1330949%-16N . e b ¢ x
IVc =~ 67930¢32m/133945'33n x b g B < o

I 6703032133045 33" X
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Four types of sites were established in each region;

instrumentation, vegetation sampling, burn scar -~nd cone

’

production sites.

-’

- S

Instrumentation sites ( 2 ) were located on burns which

~ e

occurred in Regions I"and II (one figﬁ) and in Region III
duridg the summer of 1968 (Heginbottaé 1973, Wein 197s¢).
Sites were chosen in upland areas of free drainage where
burning had exposed minergl soil and where observed

L

Ag; mariana reproduction had occurred. These were the

intensive meso and nicroclimafic insfrumentation sites and

also seed and seedling étial sites. Mesoclimate was used in
~ .

" the sense of general stand climate and microclinatéA as t!
climate of microsi tesj or plots on each  huamock or
representative hummocks. Macroclimate - would refer to

" regional climate @ither uithiﬁ defined_ regions or in a
general sense for the Inuvik area. An intensive mesoclimatic
S
.site (Site Ia) was added)du:ing 1976 in Region I.

Representatlve sites spanning all avallable age classes
vere chosbn ‘in P. mariana dominated vegetation for all
\

regions. Dbninant age cla;ses in Regionms II IIT and IV were

\
\

.8, . . 86, 102, 182 and 250+ years since burning. Only 250+

year old sites vere found in Reglon I. A1l sites were

'restrlcted to\\tlll substrates exhlbltlng hummocky so.
developneu-. \ , | |
. \\\ ’ F]

.\ - . ) . ' .
Burn sca sites were chosen in conjunction vith

u



-1

. . 5 .
vegetation sites and were along burn margins or were

isolated trees in otherwise younger vegetation. Trees

sampled for cone production were generally felled for stand

age determinations.

B) - Geology

Bedrock geology, of minor fnportance due to complete

Wisconsinian glaciation, changes from unconsolidated

Tertiary sands and gravels of the Reindeer formation in

Fegion I to Ordovician-Devonian limestones and dolomitic

limestones ou%cropping in Region II ‘Monroe 1972y .

i

Region IIT and IV bedrock is composed of undivided Shales

and sandstones of the Cretaceous or Devonian Imperial
formation outcropping only at the Rengleing and Mackenzie

Rivers.

Glacial advances during the early-Wisconsinan or
possibly pre-wisconsigan stadials traversed the entire study
area reaching into the eastern Richardson Mountains and

along the north Yukon coast as far as BHerschel Island

-Late-Wisconsinian advances also probably

’(Hugpes~197f;j/

‘covered the study area though the positions of terminal

moraipes are in dispute (Hughes‘1972). Dgglaciation of the
northern sectors, specifically the ‘Tuktoyaktuk peninsula
occurred .before  12,900+£170 radiocarbon years B.P. (Ritchie
and Hare 1971), andva miﬂimum ice-free age of 8,200+300

radiocarbon years B.P. was given for the 1Inuvik area
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(Hughes 1972). These 'glacial events left the region | covered
with broad morainal plains of 1low relief (Hughes et al.

1972) .

C) Soils

Poor soil dévelbpment, the result of continuous
permafrost and cryoturbation of the fine textured tills, was
+ found associated with P, mariana ;égéfation throughout the

region. The dominant kind of pattern ground found with
P. mariana stands was ‘non-sorted circles in ;ashburn's
classification*(iashburn 1956) or referred to as Hummocky
terrain (Zoltai - and Tarnocai 1974). The vide spread
distribution of this landform type proipted th%/addition of
the Cryoéolic Order (Caﬁ. Soil Surv. Comm. 1976) to the
Canadian Soil Classification System. This earth hummock form
G‘Fig. 2} is believed.to have formed during a’ past climatic
change (Brown 1969), though Zoltai (1975a) has shown thﬁt

/

~active hummock moxement has occurred in the recent past,
suggesting a con£inuous active development. Ea;L hummock
consists of a mineral soil core with organic rich horizonms
above and below of varying thickness. Hummocks also show
_Achanging ‘hbrphologies within a burn cycle (Z;ltai and
Tarnocai 1974). ébst—fire exposufﬁ‘of the nineral‘soil core,
general reduction of the peat cover and blackening of the

sufface results in melting of ice rich layers and hummock

subsidence. 1Increasing plant and peaflcovers revefse the &



010 20 cm

. we

Figure 2. Hummock sections redrawn from Zoltai and
Tarnocai (1974). The top section is from the north end
of the study transect and the bottom section southeast of
Arctic Red River.- Soil horizon symbols are after the
Canadian Soil Classification System with the addition of
y for cryoturbed layers and W indicating greater then 95%

'?ater, T. des1gnates ‘the frost table. Z indicates
rozen horlzo
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trend and the active layer decreases in thickness. These
changes afford a variety of environmental conditions for
post-fire establishment and subseqﬁent plant growth.

D) Climate : ‘ J

Macroclimate of the study area is best categoriéedj as
transitionél between the Taiga, Continental Tundra and
Marine TundraVQ}inatic»ZOﬁes (Burns 1973) . The transitional
nature of the:climate results from the intéréction of major
air masses. Winter _monthS"are dominated by Continental
Arctic air (cA) over northern canada which retreats and
modifies in summer months to Cold Maritime Arctic (cmA) and
Maritime Arctic air (ma). These modified summer q;r passes
are associated with the Beaufort Sea and the'stagnant polar
ice’ cap; The frodial formatioh’of these summer air masses
¢cmA and mAj, with ﬂaritime}Polér (mP) or rareiy Maritime
Tropical (mT), air occurs commonly near the study'area.
Bryson (1966) first associated the northern limits of boreal
fofes¥§3}th this frontal pattern and Larsgn‘(1971b) expanded
on this thesis. The’cloée proximity §f Arctic air masses at
all times resulteg\in cool Sdmmers, long cold Hinters,'lov
precipitation and steep gradients of temperature and

o

precipitation increasing north to south. Macroclimate is
[

summarized for Inuvik in a climadiagram (Fig. 3). Iﬂportant
macroclimatic averages are the 13.3°C July mean and -29.49C

January mean temperatures with 260 mm average  annual
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INUVIK N.W.T. (6lm) -9.4°C 260mm
[13] | mm
-~ 100

—80

-60
9.2
~40
[0.4
| —20

=35.0

-56.7

_20_

-30-

Figure 3. Cllmadlagram for Inuvik, N. W T., after Walter
(1973). Mean annual temperature —9 4°C; tetal annual
precipitation 260mm; upper line is monthly precipitation;
lower line is mean monthly. temperature; . frost-free grow-
ing season is 50 days; solid bar is months with mean
minimum temperatdre below 0°C.; diagonal lines mark months
with absdlute minimum below 0°C. Vertical bars and hatched
area mark relatively humid season and dry period, respect—
1vely Left column of temperatures in descending order; .
absolute maximum, mean maximum warmest month, mean diurnal
temperature range, mean minimum coldest month, absolute
minimum. ]
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precipitation of whic¢h 67% is received as snow. Snow release

'(€2.5 cm) generally occurs. by 20 May and recordable snow

depths (>2.5 cm) generally occur by 10 October.

1. Methods.

Meso and jmicroclimates were .monitored,Aduriﬁg summer
months in\¢975 and 1976 for instrumented sites (Sites N and
S) in Regions II and TIII. Temperature \qnd humidity vere
measured c&htinuouély vith a hygrothermograph ‘(Belfsft
Igsirument Co., Model 5—594) .housed ‘in a white Iiouvered
shelter (Vogel and Johnson 1965) and calibrated at 6 day
intérvals using a sling psychrometer. Temperature profiles
on a representative soilﬁ hummock Jvere. measured at 1 h
intervals uSing dl Grant Model Di;uultipoint Recorder and
thermister probes. Probes with self aspirating shieldsiwere
installed Atci1.5, +0.5, 40,05 top, +0.05 side and «0.05
trough areas of the hummock. Probes were also installed at

-0.03 m top, side and trough rareés of the same hummock.

Supplementary spot readings of temperature every 6 days were

made at the .surface with an .Infrared Thermometer (Barns
Engineering Co., Model PRT-10) during 1976 and at -0.05,
—0.16 and -0.15 n with thermocouples read with. a
microvoltmeter and electronic reference ’junctiOn - (Wescor,

Inc., Model MJ-55) for both 1975 and 1976.

o

Wind speeds were measured at 1 m (top of the shrub -

layer). with a 3-cup totalizing anemometer (Belfort

’,
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Instrument Co., Model 5-349). Wind profiles w?re measured
gith a2 hot-wire anemometer ;Hastings-Raydist,”/ﬁodel AB—é7)
and wunidirectional probe at +1, +0.5, +0;3,/*0.2,u¥6.1, 0,
=0.1 and -0.2 m (0 was the hummock topf. Bia§ in the
readings was avoidéd by recording 10 replicates of readings

at 15's intervals and reporting the mean.

Precipitation ' was recorded . with a wedge type
.precipitaiion gauge (Edvards Mfg. Co., Model Tru-Chek)
-mounted with oriface opening at 50 cm. Evaporation was

minimized by the addition of mineral o0il to the

precipitation gauge.

l

Soil water was measured Jgravimetrically at ¢ C
j

e samples (0 to -2.5 and'—2.5 td 5 c¢

intervals for surf
and vater potential\ equivalent estimated from desorption

curves generated b a pressure plate apparatus ' (Soil

Moisture Equipt. Co.). Spil water at -S and —10_cﬁ was
measured with Spanner type thermocouple psychrometers with

ceramic cups (Wescore, Inc.) read at 6 day intervals with a

microvoltmeter.

Active laygrv depth was measured monthly at 1 m
intervals along a transect with a 1.2 cm diameter rod

(ﬁ=56), recording also the relative hummock position of each

probing.

During 1976, an © additional instrumentation site

.{Site 4) wvas established in Region I. Hygrothermograph,
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totalizing - anemometer and precipitation gauges were

installed and serviced at monthly intervals.

1

-

Temperature data reduction consisted of daily maximum,
minimum, hourly determined daily mean and maximum~-minimum
daily mean temperatures. Three day mean, monthly mean and
degree -day calculations wveré made using missing data

supplied by linear calibrations of Regional sites to the

Inuvik airport (Table 3). Precipitation‘ vas expressed in
. _

Table 2. Site calibration statistics using 1976 data.
Least squares regression using Inuvik airport
data are used for missing data.

Site a b r n

‘fa . =0.5209 0.9551 0.9398 65
N -0.1691 1.0204 0.9768 89
s 2.3739 0.8564 0.9418 70

* a=intercept; b=slope; r=simple correlation coefficient
and n=sample size.

- A e A > - A n E— e - VR W P WP WP W W W W S W D i 4P AR WD D R R D Y Y AR AR A D G WA D D AP WD Ay WD -

6 day and 3 month totals and wind as monthly averages.

- W

-

2. Results

Mesoclimatic c¢hange from Region I ‘to Iv, across
treeline, vas best demonstrated in temperature differences
directly dffecting length of the growth season. Degree days,:

above 0°C (Pig. 4), reflected the ca 4°C déily _ mean
’ : A
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difference on the ~tndy transect. Distribution of monthly’
temperatures (Tab S, however, suggested differing

conditions in 1975 and 1976 than were .apparent in the degree

\ ?

Table 3. Monthly site mean temperatures for 1975 and
1976 at study sites and neighboring airports (°c).

RS M A . e D WD D — W D WD WD S W . - —D AP P - n - - - . > wp s - — - -——-J.-

‘May Jun Jul Aug Sep
1975 ‘ - , .
St s 4.9% 31.5% 13.9 10.6 © 3.8%
TInuvik © 3.0 10. 6 13.9. 10.0 1.7
1976 o
St Ia 0.5% 7.9 12, 7% 11.7 5.1%
St N 1.0% 8.6 14.0 13.1 5.8%
St s 3.3x% 10.3 14,5 12.4 Y TS
Inuvik 1.1 8.9 14,2 12.5 5.9
Means
Tuktoyaktuk  -4.4 4.4 10.6 8.9 2.2
Inuvik - =0.6 10.0 13.3 10.6 2.8
Ft McPherson 1.7 11.7 15 0 11.7 3.3

*Missing data supplied by site callbratlons.

W S = T - - - - - —------——-----—-------_--_o----—-----

'day calculations. 1975 exhibited a much earlier and warmer
. spring than average and 1976 a cooler than average spring.

" Degree day summations suggest 1976 was a warmer year

primarily due to higher fall’tempergfures.

Precipitation did not vary between sites (Table 4)

i
during the two summers, though annual average precipitation

N -
PEIN

N - \

I



Tavle 4. June, July and August precipitation suammaries for
1975 and 1976 at six northern stations (um).

- - - — AR S .y - R P MR b R G AP e W L WD WS S R WS W R A R e R P A W R WP D AR D S A B P b s wn w w

. 1975 1976 Mean

3
Tuktoyaktuk 56 48 64
Site Ia -~ 92 --
Site N 48* 93 --
Inuvik . 17 ° 98 : 93
Site S 46* 87 -
Ft McPherson L -- - 93

*missing data.

- ah S P D Dy D e A D D WD WD D iy T dub A WP VP R S S WE A WP W wm PP Wm A D e WP D WS D D A D G R A = A D AP Y - -

A

differences exist (125; 260 and 336 mm for Tuktoyuktuk,
N . . :
'Inuvii and Ft. qcPhersop, respectively)r.Precipitation in
1976 was approximately average for the three-month study
period but June precipitation was‘twihe average reflecting

the predomindnce of Arctic air compared to )June 1975.

Precipifation in 1975 was lower than average.. ’ <h

Humidity ~(Fig. 5) ;as relatively constaﬂt*;hroughout
the summer months, though was lowest and most variable
during June and July. This was supborted By the climadiagram
June and July dry period. The June and July periods of lower
humidity were associated 'with 30-60% higher' vind épeed
(Table S) than August 'accentuating these drying effects.
Average vi&ﬁ\,épeeds; at the Inuvik airport follow the Lame
June to August trends though the absolute vélués differ,

reflecting the 10 & recording height. Wind speed in general

decreases 25 to 35% north to south.
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Table 5. Mean monthly.wind speeds for Inuvik airport and
‘ study sites, 1975 and 1976 ( s—1t).

T G e o ap e A S P T W e - - - WD D - > - S WD D D D o - e w B

Site Ia Site N Site S Inuvik Long ‘tern
' Inuvik mean
1975
June -—- 2,14 1.44% 3.89 : 3.58
July --- 2.03 1.19 3.89 3.35
August --- 1.85 1.20 3.49 3.26
§
1976
June 2.52 2.12 1.56 3.62
July 1.99 1.85 1.25 3.31
August - 1.81 1.90 1.32 - 3.49
*Missing data .
- - ; -% - -
Tenperature._profiles of hummocks (Pigs. 6 and 7)

suggest earlier spring warming of the hummock top as opposed
to,‘éeat trough areas (i.e. 3.5, 0 and 1°C for top, side and
tréugh microsité -15 cm temperatures Si“e N 3 June 21976).
This was probably the result of improved drainage an. _pe
»insulatins properties of peat. Higher temperatutes and
higher’ wind: speeds  (Pig. 8) associated with hummock top
.microsites, grading to lower temperatures and wind speeds in_
trough éreas result in more mesic conditioms for plant
establishment from hummock top to trough microsites (i.e.
 Figs. 22, 23 and 24) \

. v y
Soil water 'potential at -5 or -10 cm was not measured

below 45 bar during 1975 or 1976 in any microsite. Droughty
soil copdftions, soil wdter potential below -15 bar, were

therefore restricted to surface (0 (to -5 cm) layers.

-
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Droughty soil conditions were most common the hummock tops
which would - have 1little effect on established plants but

profound effects on germinating seed.

Active layer depth of the soil hummocks also reflected
seasona. macroclimatic differenéeS‘betveen‘1975 and 1976 and
microclimatic differences (Fig.‘9); The hummock core (top)
melted'deeper and garlier than associated side - and trough

areas. This resulted fronm differences in -“thermal

conductivity and latent vs. sensible heat flux of each’

microsite. Trends in active layer melt in 1975 and 1976
followved spring temperatures with greater June melt in '%975
than 1976. Total active layer depth for all microsites was

similar by August in both years.

In sgumary, gradients iq environmental qpnditibqs have
been examined on two levels, macro-mesoclimate and
microclimatic. Macro-mesoclimate changes across the study
transect 'mdst in {daily temperatures during the growing
season. Tempefature means increase north to south'gg 1°c for
each study Region, resulting in a vegetational change from
self-reproducing forest to forest-tundra and, north of the
study area to tundra ~vegetation. Annual precip;tation,
though doubling from Tuktoyaktuk to Ft. McPherson, was not
markedly increased during the summers of 1975 “and 1976
seasons north to south. Microclimate of the hummocky terrain
has a consideréble 'effect on vegetation in response to

a

changing environment over relatively short distances.

e

7

-
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.Microenvironnental temperature changed as much as 1°9C air
(+5 cm) and 4 to 5°C soil (-3 cm) fronm hummogk top to,trough
area but more important snow release and bermafrost melt
occurred first - in hummock top and side microsifes.'Earlief
melt and generally warmer témperatures réSulted in droughty
soil condition; ‘ig hummock top microsites grading to moist
hummock trough microsites. In early June, conditions exist
with standing water in trough areas aqd‘drought conditions
on adjacent hummock tops. Vegetatioﬁn response was nmost-
apparent in early staées after burn{hg ;here hummock tops
would be devoid of vegetation but adjacent\ftroughs vere
covered - _with luxuriant ‘growths of mosses. These

miCroenvironmental changés vill be shown to equally affect

P. mariana establishment and success.

—— et .

S



ITI. PHYSIOLOGY
A) Water Relations WTl

1. Methods

All psychrometric determinations of water potential
were made wusing a Spanner type chamber psychrometer

(Mayo 1974), and were read with a Wescor MJS55 microvoltmeter

~

after the application of a 10 s (8 mA) cooling current.
Psychrometer measurements were made in repiiqates of three,
equilibrated at least 12 hr for total leaf potential and

2 hr for combined osmotic and matric potentialé in a room

o

tempe:atqre iéter bath. Data presente&ﬁ were temperatuare
cdrrected fo 259C (Brown 1970) and were expressed in the
standard model ofiuater relations (i.e. total leaf potential
is the sum of turgor potential, osmotic potential and matric
potential). Combined osmotic ‘and mata&c potentials were
determined after freezing of the original needle sample in
liquid 'nitrogen (-196°c) and %urgdr was calculated by
subtracting combined qsmotic and matric éotentials from

total leaf potential. .-

Hate£ " contents of eéch psychrometer Sample were
det;rmined after measurement of combined osmotic and matric
potentials. All water contents vere expréssed as a percent
of sample er weight after oven drying at 80°cC. Thése vwere

<

the Standdfﬁ techniques for all weasurements of water status

132
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and only deviations from these techniques will be mentioned

below.

Seasonal trends in thé water relations of Picea mariana
were made on three inaividuals near . Inuvik at 6 day
intervals during 1976.‘ Samples of the same 5, 3 and 1 m
individuals.wére taken between 1500 and 1800 hr MST on
rainless days during summer mon£hs to maximize stress'
measured. Psychrometers were loaded and closed in the field
and returned to the laboratory for measurement after a 12 .hr
equilibration time. Winter samples were transported frozen
and sampled under‘laboratory conditions 1-2 days later.

T B

2. Results

[y

Figure 10 gives the results of seasonal water relations
measurements and shows minimum * water potegﬁiais (=maximur
sttesS) occurring between 13 June and 6 July fo; all treec
a time of high air and low soil temperatures. waest total
leaf potential (-21 bars) was measu;ed from the.suppreSSed
tree during a period of high air temperature (18°C) quly 1.
Mai;ium leaf potentials of :-6, -8 and -11 bars for the
lérge, medium and suppresse%_ trees respectively, were
measuréd_A‘August and précé&eﬁ ﬂeedlebcast gy these trees

(ca 10 August). " . - .

Combined osmotic and matric potentials show marked

increases from -24 to -20 bars beginning on 2 June. These

’
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potentials were associated with bud expansion and pollen
cast }nd bOth-events vere delayed in the suppressed tree.
.Comﬁined osmotic and matric potentials decrease with the
onset of winter, while total leaf‘potegtial remains stable,
reflect;ng a change in water relations associated with
winter hardiness. Osmoregulation by‘ thé trees maintains
turgor .constant (10 bars) enabling ieipansion and growth
(Fié. 11). Turgor potential remains stable during the
growing season through a range in water contents from 83 to-
144%. Thi% osmoregulation results" in  a significan{

correlation (P<0.01) between water content and total leaf

potential for field determinations (Fig. 12). ,

Germling responses to water stress were investigated in
controlled environment éhamberé (n-12, Environmental Growth
_ Chambers, Chagrin Palls, Ohio) using paired - flats of
greenhouse mix soil and 10 day old germlings. Temperature
(20°C) and illumipation (250-300 uEm—2s—t Photosynthetically
Active Radiation, PhAR) were held constant.'Watéring vas
withheld from the experimental fiat and sampling-of both the‘
" experimental and ?ontrol germlings' ;ccurred simultaneously
on a daily increasing to twice daily basis. Each sample

consistéd of six germlings from each flat for

psyéhronomettic readings and wvater content.

Water potential of the experimental germlings by day 6
~ad decreased to -10 bars from the control values of -5 bars

(Fig. 13) . This decrease in water potential resulted in a
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60% nortalify vhich 1increased to 80% with a continuing

@

‘ decreased water potential to -25 bars. No ' turgor pressure
was measured at -25 bars. Recovery after watering. of the
‘experimental flat was observed only in individuals which had

not wilted during the period of drought. Continued mortality

after watering was evident in the 12% additional mortality.

The sengitivity of @ernlihgs to .uater sfress is
demonstrated in Fiqure 14. Two points are to be made: first,
the decréasg\'in water content\ of both the control and
experimental ;ampleé. This is interpreted as maturation of
the germlings, the"result " of an ihcrease in dry weight;

second, the water content,, which resulted in O turdor
pressure and'JES bar cqpbined osmotié and nétric_pdtentials
in the experimental gg:iiings, vas not distinguishable from
control ;atervcontents;'This‘den@nstrated that small changes

in water content resulted in lethal drops in turgor and

combined gsnotic and matric potentials.
&

_——B) Water Relations and Photosynthesis

>

~ 1. Methods

Effects of water déficit on rates 3f net assimilation

of carbon (Pret) were investitigated using four "season" old

greenhouse grown P. mariana seedlings. An "open" infrared

.gas analysis system was used for éll gas exchange

measureaents (Sestak et al. 1971) and in all samples entire
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seédlings were cuvetted..Differenéial measurements of gas
eichange were >déternined with a Beckman Model 865 infrared
gas analyzer (IRGA{ spanned 30 ppn full scale and
continuously recorded with a Hopeyvellu2a-channel multipoint
recorder. Zero and span of the IRGA were checked using gases
standar&;zed after Bate et al. (1969) before each sampling
run; gas flow was measured with Gilmont No. 1 flowmeters.
leaf temperature vas Tecorded continuously with leaf
thefmocouple clips attached to abaxial surfaces. Temperature

control of the cuvette was provided by the enclosing

controlled environment chamber.

Photosynthetically active radiation vas measured

continuously using a quantum sensor supplied by Lambda

Instruments (Lincoln, Nebraska) connected to the Honey;éll

recorder. Lighting was provided by the fluorescent tubes in
the controlled environmgnt chamber and supplemented by a
1000 watt quartz-iodide 1lamp which was lrhéostétically-
controlled. Two replicate:neasurements;were alternately madé

5

using a solenoid st .iching system (Addison 1977).

2. Results

Descriptive meaShrements of Pnet for six replicates

-

were made to determine optima for subsequent investigation
of stress responses. Temperature optima occurred at 15°C at
a constant light intepsity of 740 uEm—2s-1 (Pig. 15). A

broad plateau of responses resulting in Pnet of 1.5
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i . :
mg ‘gm=1hr—t and 2 mg gm~thr—% . occurred at 0°C and 359°C
| -

reépectively. Maximum dark respiration was 1.87 mg gm—thr—1t

at 309C with undetectable levels of respiration at o0°cC and

59C (Fig. 15). {

Light response curves measured at 159C show
compensation for respiration occurred at 18 uEm—2s—1
(Fig. 16). sSaturation, when defined as the point af which a
100% increase in irradance resuléédA~in -less than a 10%
increase in Pnet,v occurred -at SOO uEm—2s—1, Using the
ﬁichaelis—uenten model of enzyme kinetics' (Lehninger 1970)
applied to eacﬂ of the 6 replicate curvés the values for
maximum Pnet (Vmax) and one-half maximum Pnet (1/2Vmax) were
calculated. This required’thé additiqn of individual dark
réspirations to ’each measurement resulting in the
interception of the origin és required by the model. The
parameters for maximum Pnet .and one-half Pnet .were
5.91+1.18SD and 2.4810.57sD respectivély after subsequent
removai of dark respiration. Temperature optima of 159C
compéred vell with published values (vainckel et ﬁl. 1975,,

¢3n zZindern Bakker 1974) for P. mariana. Light. réspobse

-

curves and 1light saturation points were similar \to
laboratory determined vdalues by van Zindern Bakker b\t
differ greatly from field obsérvations . by Vowinckel

Vowinckel reported much higher saturation light intensities

of 1000 uEm—2s-1,

Photosynthetic measurements during the water stress
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investigations were made at 15°C and‘740 uEm—2s~1, Pnet of
the same two seedlings wére monitored while determinations
of water content, water potential, combined osmotic and
matric potentials and turgof potential vere made on three
"neighboring® seedlings. Measurements vere made at the
initiation of the drying run, the last watering and daily
thereafter until day 5, whenafter morningl and evening
‘readinés vere made. Day 5 readings ‘of,.-15 bar . leaf water
potentials resulted.'in a 50% reduction of. Pnet and day 8
readings of -25 bar leaf potentiais' resulted in further
reduction.-of.Pnet to 0 (Figc(17). Plots of turgor'potentiaL
and combined osmotic and matric potentials (Fig. 18) showed
no osmoregulation of tdréor potentigl as faund in fiéld
measurements. and a lower cérrelation (r=0.§§56 n=41)
compared to field data (r=0.6564 n=42) for the felationship
of water content to leaf potential (Fig. 19) . Leaf water
© potential afte: watering of stressed-plants recovered within
10 hr, ‘but. Pnet remained at 25% of original measureﬁents;

100% recovery of Pnet-was'observed after 6 days.

C) Discussion

Seasonal t:epds in the water relations of P, mariana
near Inuvik were found to be similar to those of P, mariana

and P. engelpannii in other studies  (Lindsay 1971,

[
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Marchand 1975, van zZindern Bakker 1974). The high winter
water content and leaf water potentials agree with
Marchand's observation of P. mariana on Mt. Washington, New
Hampshire. This leads to the conclusion that winter ‘water

relations of ‘trees near treeline are not important factors

v

Low leaf water potentials during spring or early summer
were also found by van Zindern Bakker (1974), who bel%eved

. =
pecurred with cold soils d4nd high air
Y Y

that pmaximum stress
temperatures;;The~ﬂw ow values of the suppressed

- & B - S ., . .
tree at Inuvik g *, surprising 1ian view of the

relationship beti¥en density; and vater stress found in
- ‘. . % ' ]

other conifers (Fambolt 3:971).

The ©pPnet’ of -, mariana showed sensitivity to water

stress when compared to Juniperus viyginianma, a drought,

tolerant sﬁccess;onal specieé tBacone et al. 1976). A 50%
reduction oécurred only aftgf' xylem tensions of -25 bars
wvere attained (generally considered in close correlation to
leaf water potential); a 90% réductioﬁ in Pnet resulted ffqn
-35 bar-xylem tensions. Recé#ery -rates off Jupiperus also
reflected the drought hardy nature of the species Hith,BSx

recovery in 28 hr.

-

¥

Water stress probably d4id not result in major
inhibition of Pnet during 1976. Lec: potentials of —15 to

-20 bar were bnly measured in the suppressed individuals‘and
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no apparent loss‘of turgor or. stress-related needle cast was
observed. It is therefore concluded that water stress or.
water stress related Pnet reduction in mature trees was not
importantvin determining success of the species during 1976.
Trees in the forest-tundra (Region I) have a reduced needle
longevity of approximately six yéars compared to a norm of
approximately 11 years (Regipns II, III and IV). A possible
explanafion' for this phenomenon is water stress resulting
from anqpomically immature needles, a response to shortened
growinén seasons as observed in European conifers (Baig and
P .

Tranquillini 1976) .

Germling watér reiations could be ‘used to egplain
mortality observedxin field trials. The extrene sensitivitf

!

to Water loss was a controlling factor in the success of the

e

species. on é:local scale. Sensitivity of‘gérmlings to vater
stress ’has“been " used éo explaih the distriﬁution of Tsuga
canadensis (Olson et al. 1959); but this éthdy-is the first
compariéop of the change in vater relations from germling to

mature tree and the consequences of this for the species.



IV. SEED GERMINATION
A) Temperature Responée

1. Methods

All cones weﬁé* stored at -3°9C  until germinq;ion
testing. No cold treatment was required due to previous

overwintering of all seed tested. Seeds were extracted by

v

soaking the cone in hot tap water for 6 hr, ‘'drying at 80°C
for 8 hr in a forced air oven and tumbling to knock the seed
free. Exffacted seéds were dewinéed and counteq %nto lots of
50 seed for testing. Seeds wereAplacea on No. 2 filter paper
disks,'treated‘with a ﬁercuriai fungicide (Horsodrén, Morton
Chemicals Lté.f and transfered to 5 cm disposable petri

dishes. Petri dishes were watered daily or as needed with

o A

distilled water, Germination was defined as &radical
N - . ' ) . ;) . .
elongation. Germinated seed vere removed at 1-2 day

o

intervals. All experiments were terminated after three weeks

and all germination testing was done without illumination.

Temperature -tgguirements for  germination vere
¢ ) , o S £ o
:inyestigated using 2 tests of 4 replicates of 2-5 year-old

seed collected in Region - II during 1975 and 1976.
Temperature gradients vere provided by a gérmination bar

similar to ' Barbour and ‘Racine (1967) enclosed in a

controlled environment chamber. Temperatu;é(' wvas held

constant within £19C with replicates at 59, 10°, 15°, 179,
T g ‘ h

51 . . e A 4 r~ ) Q«
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209, 220, 259, 280,'300 and 359C. Thermal <contact betweeen

the plates and bar was insured by a thin layer of vaseline.

Temperétures_ weie continqously monitered during the
first .test by a Grant M;niathre Temperaturé: Reécorder.
ﬂberiodically temperafures across '£he vgerlinatiﬂg surface
vere - monitoréd wifh a Wescor .HJSS‘ microvoltmeter and

copper-constantan thermocouples. .

Statistical treatment ~gonsisted - of am arcsine

-

transformation of  the percentage germination data 1 and
conplete factorial’ oﬁe—way anqLYsis of variance (Sokal and

Rohlf 1969). Duncan's multiple range test was used’ to
. o ’ ’ ' 1,
isolate non-significant rangés of mean germinations.

=4
o

[

Y

2. Results b 0

o

-0

_Temperature  had a Gsignificant ‘effect on germinatioﬁ”
(Table 6)'vi£h optimum‘—teméeratgre'_fo:  germinatibn L (41%)
oéchfging'at 200C (Fig. 20).'Germinatiogiocéurred at reduced

b _ A : R
lévels at 159, 170, 250 and 28°C (Table 3) and was imhibited
at v5°;’ TO;: 150, 3009 and 3506; Seed-ffom lo?gr tesperature
trialg {5°, 109, 15° and 17°C)‘ germinétéd when placed in‘
temperatures condusivg to germination (20°C):.vgiié'sééd
from higher temperétute (309 and 35°¢) did not. reépdnd fd -
~optimal temperatures. gﬁeyvfue:ek‘probably kill%ﬂ. by the

higher temperatures. LT
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Non-significang.
Ranges T

Ry

B) Regibnai~Germination.

@€

1. Methods

54

-
Table 6. Analysis of variance and non-significant rang
: for germination temperature relations P, mariang
primarily from Regions II, IIXI and IV. "

Factor DF MS F Probability
Replicates 7 0.0147 0.91 non-sign
Treatment -9 0.5241 32.47 £<0.001
Error 63 0.01615 :

Total 79

Germination percents

Teaperature 5° 100 15© 170 200 220 250 280 300 350
Germination ¢. -0. 9 21 41 38 ¥4 16 3 1

————— e S ——,

D W . AP D W D W o . D " W —— - - —m W - - -

Yo

Regional variation in seed germination was investigated

using cone sampleés c¢ !'ected in each of the four

forest, regions. At the

]

designated

time of collection, cones were

e

separated into 1;,2-5 and 5+ yéar-old samples. Storage,

extraction, germination and statistical 'analysis were as
described previously for teaperature tesg}ngiﬁ except all

tests were condacted at  20°C in a controlle&lenvironnent

chamber. L . ‘ . )
! /

) . - . ‘ - - 3
.. Regional differences in" seed size ~wer3 investigated
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EA o ' !
using 4 replicates of 50 seeds 2-5 Years in age. Seeds were
weighed with wings ihtact; data are expressed in seeds per
kilogranm. Data analysis was similar to that for the

germination trials.

2. Results

Germination was gro;teét (28-35%) in 2-5 year-old seed .

NI

N
s les with non-signifa ifferences between Regions II, '/
N

IIT and IV (Tables 7 and 8) . Most i'mportant, no germinatfon.
was observed from Region I, the forest-tundra region. Seed
size wa$ not significantly different in the three' forest
regions,»0.97—1.32 X 10¢ seeds Kg—1, but seed was less than
one-half as .large' in tk> forést tundra .region-

(2.28 X 10e seeds Kg—f, Table 9).

Germination§gin the 5+ year-old seed was \nqt
1";; .

s%gnificantly different in the 3 régiohs tested (Table 7.
Region IV seed was inadvertently déstroyed before testing:
Seed 5+ years old gave the only gerﬁination (0.5%) from the
forest-tundra indiéating how rare succegﬁful_seed set is in

this .gion..

B o .
\ 4

Seed samples (1 year-old) initiated _in 1975 showv a
gfadient of increasing germination “rom north to south of O,
1.5,‘a and 7% for Regions I, II, III and 'IV, respectively,

and a gradient of non-significance between thenm (Table 8).
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Table 7. . Analysis of variance for'regional differences
in germination of P. mariana seed of
differing ages.

Factor - ' DF ‘MS F Probability
1 year-old seed ,

Replicates 3 0.0117 - 1.52 non-sign
Treatment 3 0.0467 S 4.01 P<0.05
Error » 9 . 0.0070

Total 15 ,
2-5 year-old seed , )

Replicates 3 0.0074 1.89 non-sign.
Treatment 3 0.1098 28.22 £<0.001
Error 9 0.0039 :

Total 15 .

5t year-old seed S s
Replicates 3 , 0.0132 1.54 non-sign
Treatment 2 , 0.0187 2.19 non-sign

Error 6 " 0.0086
Total 11 .

Table 8. Non-significant ranges for regional percent
germination of P, mariana (P=0.05).

-——------—-—----—------—g------—--—------——-- D W - - ——— - -

Region - I IT IIX IV
1 year-old seed .
Percent Germination 0 1.5 4 <%t

;Non-significant
Ranges

2-5 year-old seed
Percent Germination o - 34 28, 35.5

Non-significant
Ranges . ' 3

5+ year-old seed
Percent Germination 0.5 3 : 3.5
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Table 9, 'Analysis of variance and non- 51gn1f1cant ranges
of regional seed sizes (P=0. 05).

Factor DF Ms F Probability
Replicates 3 0.1373 3.80 non-sign
Treatement 3 1.4068 ‘ 38.00 P<0.001
Error 9 0.361

Total 15

Region - I I1 111 Iv
Seedx106 Kg—1 2.28 1.08 0.97 1.32
Non~ 31gn1flcant —ttteececvenaa
Ranges . f%ww'ww

i R P -~——------—------—---o--c——- e e - - .- e ™ . - - - -

C) Discussion

Temperaturei appears to be of primary importance in
controlling germination of P. mariana even in'these ndrthern
Populations. The importance of ‘the 150¢ lover cardinal
temperature” for germination wil] be dlscussed further 1n
relatlon to fleld germination trials but it shoulgd. beA,noted“
that the same 150¢ temperature limitation was found in
Populations of P, lariana from the southern Northwest
Territories to Michigan {Fraser 1970). fThis inhibition was
not reported to be reversible by Fraser. The iﬁhibition and
probable death of 'seed above 289c yas less well defined when
compargdw'tb 'Frasepfs - Wwork but .ﬁay be . instrumental "in
elininatf%ﬁ’of geréinétion.for buried seeg Populations of

\‘F“ - '

- e b
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P. gg_;gga (Fraser 1976, Johnson 1975).

Environmental effects on germination would best be seen
wvhere the unusually cool.summer of 197&@%?19. 4) resulted in
reduced germination of the 1975 p:odu;:a seed in a north to
south gradient. A one year delay in environmental effects on
cone initiation in P, mariana was previously observed in
Ontario by Fraser (1966) and it is probable that such
environmental effects extend to germination as wvell.
Environmental effects on seed develorment may help exélain
the reduced gernination ,§f 35% 1in this study «from the
reported values of 40-60% (Vincent 1965; Zazada 1971). Seed
size may elucidate this problem of reduced germinatign as
repSrted séed ueights of" 0.89 x’106 seeds Kg‘1>
{Vincent 1565) were greater than values in this study,}

‘eépecially for seed from the forést-tundra region. Reduced

seed size may also expldin the reduced 1longevity observed

(3% germination at 5 years in the Inuvik population) for
43, o
nations of 32% at 5

“.‘l .
2

Chai and Hansen (1952) reported ger

years, 8% at 10 years and 1% at 15 jgars.

Envircnmental keffects on f;p;oduction . therefore
probably actﬁpn the initial magnitude of and’ longevity for
germinaiion) 5efore the seed mature. The environment also
has the impoﬁtant pbtential of interfering with germination

of the seed through the lower cardinal temperature.
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V. GER&LING"RESPONSE TO ENVIRONMENT

: | ~

1. Methods ~

Microsgites within soil hummock topography were chosen
, : N

-

in . 1975 and ., 1976 representing the microenvironment

Yy germling P. mariana in a post flre subarctic

—— et s

encountered
wondland. These\ were characterized as hummock top, side and

trough microsites by the following criteria; 1.) Hummock top

dicrosites 'iere the exposed (after fire) mineral soil core

of a discrete soil hummock. Little or no vegetation and no
organlc material covered the rineral SOll. 2.) Hummock side
mlcr051tes vere adjacent to the prev1ous microsite but were

mlc;ptopographlcally lower' with an - organic covering = of

\

-increasing thickness thy from fhe hummock top. These

conta;ned fﬁ vegetatlve c vering of Polxtrlchum .commune, P.

gglitrichug.

.juniperinum, Marchantia po 11¢_;gha, Ceratodon purpureus and

Bryum gsuedotrlguetrum along with other cryptogamic spec1es.

, 3} Hummock trough microsite were the 1lowest and were

characterlzed by a peai soil and\ vater ‘table: at_  the soil
surface 'in early June. Vegetati e cover wvas similar to the

.

hummock side microsite but with mo e‘ luxuriant growth of

/

No aspect re’.ated pattern was'found in the pre-hura

distribution of P, magpiana trees but neverfheless microsites

were chosen mfnimizing bias with respect to dspect. Living .

moss and peat were removed down to the charred post-fire

59
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- surface-in an area twice the size of the 4 dm2 square plots,
and all vascular plants were clipped, from the plots but were

subsequently permitted to regrow.

Seeds collected in Region II vere}éxtracted, dewinged,
counted into 250 seed lots and sto;gd at -39C. No chemical
fungicides or predation deterrents were used. Randomly
chosen seed sub-samples were tested for germination of the
1976i§ample (33.6% +5.5SD) and assumed similar for the 1975
sample. 1975 sahples wvere .falsely tested as out;ineq,bi“

J.S.DeA (1948) and were discarded.

Seed (250 seed plot—1)  were hand sown into plots wlthln_
three weeks after snow release in 1975 {14 June, Slte N and
12 June, sSite S) and within two weeks in 1976 (5 June,
Si£e N and 4 June, Site S). Care ;as taken to distribute
seed evenly within each of six‘replicate plots for each
micfosite (top, side and trough). Adjacent each replicate
plot was pérmanently marked with 1.2X100 cm metal stakes and

[

plot Corners marked with small nails for easy relocation,

'Permaﬁent records of recruitment aﬁd”mortality for test
germlings were made with a mapping tabxa (Fig. 21) afixed to
the permanént markers. Care was taken to level the table,
thus'p:oducing an‘accurate ‘map of germllng p051t10ns.u Plots
_were ‘checked at six day intervals and’ on 28 September 1975.

- Background rain of seed d4id not occur and all germlings vere:

assumed to originate from the test ‘seed lots.
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3

Figure 21. Mapping table used for germination and
survivorship study,set over an experimental plot T
black object is the sighting tube.
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Germination was expressed as perce&f of the 250 seed
which germinated and mortality as percent of total
germinations by plot. Data analysis consisted of an arcsine
transformation of percentage germination and mortality data
and thréefuay complete factorial amalysis of variaﬁce~ using
;egional site, microsite and time as the treatments,
Non-significant raﬁges of germination and mortality were
vdetermined by Duncan's multiple'range'test using error mean
squares generated from one-vway analysis of. variance for
individual microsites. Comparison of means tests wvere used

to test significant differences between sunmations of

germination,ﬂmortality and subgroups of mortality.

Enviroﬂmental measurements were ﬁade as described . in
the'site descriptions and qualitative assessment of the
hummock microenvironment was made‘ with ten replicate
transplants of 5-7 yeé;:old seedlings intovgach microsite.

¢ ]

2. Results

Germination . | P

Regional site,'mic;oéiig and time ‘inteiacted in 1975
producing a \éiénifiq&nt cc *onent of varianée (Table 10},
but‘ only ‘interactioné of‘ regional site. with time ‘énd
mic:osite with time were significant in 1976 (Téble 11j;

Non-significant differences between - all germinating sites

(Table 12) in . 1976 :esulted'yin the change in interacfion

-z
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S 'z.
{ e

Table 10. Complete factoriaI"aqalysis of variance for
field germination trials of P, mariana in 1975,

A Tm . D AR AP WP W D D W D R A R A . —A W S P —- - P S D A W W W WP S WP A A - e " wh o e -

Factor DF MS F Probability
Replicates 5 0.00063 0.86 Non-sign
Interaction _

SiteXmsiteXtime* 24 0.00310 4,21 P<0.001
Error . 385 0.00074

Total 467 ~

* msite=microsite

- " D n D - D P -" - Dy > b — S m WP WD D D W R D D D Wh WP Wh R WD AR e W = W Wm A n > = -

Table 11. Complete factorial analysis of variance for
field germination trials of ‘P, marjama in 1976.

. D . W D A - . D R T R A WS D A > WD S = W D P e P D - - - - - - - - - - - - -

Pactor DF MS F Probability
Replicates 5 .'0.000199 0.46 Non-sign -
Interaction ’ -
SiteXmsiteXtime 16 0.000437 0.98 Non<sSign |
TimeXmsite 16 0.001419 3..5 " P<0.00;
TimeXsite ‘ 8 0.000986 2.2 P<0.,0 -’
SiteXmsite g% 2 0.000551 1.26 Non-sigf
Error 65 0.000u437 | 7 !
Total ‘ 323

variances.

Hicfotopoéraphic effects.dn gerﬁination-were similar in
- 1975 and 1976 with germination restricted to ‘hdmmock _sides
;nd *troughs. Seeq' failed to germinate in 1975 and 1976 on
bhummock top microsites., Otherwise substrates were ‘not
directly respongible for variancé “in gérmination Between
—miérOSiies.as‘differences wvere not significant;betweeﬁ total

8

germination at the same regional .site fTable 13).

©
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Table '12. Field germination summaries for P. mariana
in 1975. x*

ANOVA for germination of all germinating sites

Factor DF MS F . Probability
Replicate 5 0.00183 0.63 , non-sign

Treatment 3 0.02811 9.66 P<0.001

Error - 15 . 0.00291 .

Total 23 \ .

»v‘ ‘. \

Total field germimations for 1975

> i s s sl e

k]

Site N _ Site s

Side Trough Side Traugh
Percent germination 3.5 3.9 9.1 10,1
Non-significant ranges e /
* Hummock top valdesv(dﬁ) were not used in the inalysis.
Table 13 Field germination summaries for P, mapiana

in 1976. *
————————————————————— R D N D G D S AP - D Ay WD D - -‘---—-.'-------
ANOVA for germination of all germipnating sites

_Factor DF 8s . F Probability
Replicates 5 0.0008 ©0.24 - non-sign
Treatment 3 0.0055 1.62 * * non-sign
Error - 15 0.0034 ‘ .,
Total ' 23 - -

Percent germination for all microsites

~ Site N | Site s
Sigde Trough Side Troungh

percent germination 1,2 1.1 1.0 0.4

 Grand mean 0.92%

* Hummock top values (0%) were not used in the analysis.

o - P e D P D P WD AP WS P A WD W A W WD W P AR A WP D D D AD D W WP R D AR AR WP WP WD WP D WD WP We WD W WD WP WS Un WD W W W W W D
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icrosite temperatures control

s

Together,,regional an
the initiation of germinatlon. All germlnatlon occurred -
after three~day mean (+5 cm) temperatures were greater tbhnv
15°C (Figures 22-33). Temperatures at +5 cn were found more
highly correlated (r 0.7659, an= 70) with 5011 surface;f

temperatures than were -3 cn (r=0.6801, n=70). Air data were

I

used in all comparisons.

‘;
.

4”Germination peaks occurred hefore 8 Julv in 1975 for)/,J
~the hummock side microsite at both regional sitces (Figs. 23
and 26). Germination peaks for the trgugh microSites vere
delayed comﬁared to side nicrOsmtes,'reflecting'a difference

in air. (0. 5°C) and 5011 »ja~506) tempera*ures. Germination

was not 51gn1f1cant after mid July (Tables 14, 15 and 16)
'even‘vith temperatures in the optlmal ranges,  due xto"lov_
s011< water._ Slgnlflcant germlnatlon peaks in 1976 were
déﬁgmed until the second Heek in July or d1d fnot‘ occur
(trough microsite,- Slte S) due to 1ou spring temperatures‘

(Figs. 28~ 33). No significant germinatlon occurred after the

fourth ‘week of July 1976 (Tables 17, 18 and 19).

o

Temperature differences between regional sites and
yeariy trials provide . the best predlctlve insight for -
germination of P. mariana. The regional mean temperature for
June 1975 ‘and 1976 vas significantly correlated (P<Oa05)
vith microsite germination (Fig. 34, pg. 78? corroborating

the temperature limitation to germination found in

Alaboratory trials. July mean macrosite. temperatures were not

~ R

;
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{
 Table 14. Germlnatlon field trials by microsite for
' P. mari n__‘.J~ 1975.
Site N sxde ;cr0§ ite
Factor DF MS.. " F ' Pprobability
.~ Replicates 5 4 0.00028 " 0.96 Non-sign
' reatment 12 0.01200  , 43.94 P<0.001
_;ﬂ/%tror ‘ 60 0.00029
otal 77 ' o ‘ _
ésite N trough_microsife' | o ' R ;V _
Factor . Db s I Probability
4V . L o
~ Replicates .5 0.00047 ' 0.29 Non-sign
Ertor " .60 0,001 . - -

Angotalw: TR

a= e
: JOR Y
R N

Slte S side m1crosite

: f°i~$' . DFy " wst ot R Pr6§§EII:;y

Repllcates .5 L. 7040012 . v 1.94. wqdn 51gn ‘
Treatment - 12 - 0.0309 - . 50:06 - ° P<0.004,
Error - . ' 0.00062 - SO . .-.?
 Total” E " : : o
Site s '
‘Factor © ;&wa . . MS ~‘$ F. . probability
- sLle v o A
‘Replicates ~ .5 0. 0031 - 1.67 7 “Non-sign
Treatment/ R PE £.0299 16.165 . P<0.001 -
| . 0.0018 P, e TR
::>>5§7'f'7ff""" """ T
. O‘ - {\ y
2 '/ . N

corfelated ‘Wwith - germinatibn, due to~eatly.July germination

dates.
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Table 17. Germination field trials by licrositg)
for P, mapiana, 197e6.

- - T - - . T G D . e w aman --

Factor ' DF N§
Replicates 3 Y 0.00136
Treatment 8 0.00215
Brror 40 0.00083
Total - 53

Site ¥ _LQEQE _lQE.§.§e

"Pactor DP MS

Replicates S 0.00039
Treatment 8 .0.00234
Error 40 0.00083
Totgd - 53 '

site 5 side microsite

_Factor DF . MS
Replicagtes 5 0.00059
Treatment 8 0.00366
Error . 40 0.00050
Total 53 :

site s trough microsite

" Factor DF . 84S
Replicates 5 10.00065
Treatment 8 - 0.00052
‘Error 40 0.00039
Total 53 ’

R D T S - D D - =~ L D D D D D D L D A R D AR D un WD WS A WD G A WD A A WP

Interpreting soil water relationsA
due to the necessity of composite soil samples. Soil water
"reductiops to unavailable ranges (-15 par) in the

(top 1 mm?) vere not reflected in the small changes in soil

2.540

data

was

82

Probability

Non-sign
pP<0.025

.Probability .

Non-sign
P<0.02E

?robability

Noh-sign
P<0.001

Erobabiiity

Non-sign
Non-sign

confusing

sseed bed

p
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water content in the 0-2.5 ca saléie; therefore seed
gerlination va§~ probably prevented by loyfsoil water, well
before water contents‘equi;alentvto -1/3 bgr”vqre measured.

Sbil vater status .probably dete£iined \tpe cessation of
gerninatibn after mid-July or prevented ,?erlindtion vhen
tenperature was not limiting. Surface (0-2%5 ca) soil water
content was lowver than -15 bar on all\ hummock  tops
throughout 1975 and 1976 only reaching levels of availablé

\

sqii vater illediately'aftér precipitation or snow release
(Pigures 22, 25, 28 and 31). The absence of\perlinationlon
hummock top ' microsites therefore was 'theﬁ result of
unavailable soil v&ter. Snow melt appears tqlbe the oniy
major source qf recharge as no discernible ai \ereﬁce was
detected in microsite so0il water content_betv'en 1975 and
. 1976, though June 1976 precipitation vas double average
values. Germination ip° 1976 was sighificagtiy,‘reduced
(B<0.01) frém 1975 values _in spite of increased
precipitationE The interactioﬂ of telﬁeratnre and soil wvater
;as . critical for getligation of P, marianpa. uiérosite
temperatures must average gb‘e than 159C beﬁore le;sureﬁble
reduction ‘in soil wvater content occurs (before 15 July).
Laboratory germination trials required 6-10 days for radical
elongation, suggestiné temperature requirements nust be amet

before 1 July. These-rreqnirelents vere not met in 1976,

resulting in reduced gerainationm.

0ver§intering of viable seeds and a fev successful



gerlinations (10) vere found, suggesting destruction of the
majority of ungerminated seed. This apparent déstruc@ion ~or
P, Barjapa seed supported earlier laboratory dernination
uork and literature reports (FPraser 1976).

Mortality

Significant conponents;of variance were found in the
interaction of regional site, microsite and time producing
mortaiity in the 1975‘and 1976 germling populations (Tables
20 and 217 . Individual microsites, however, did not
experience significant differences in Jortality' in 1976
(Table 22, 18 and 19) apparently due to low gernination and
vere dropped from consideration. Mortality percentages dia
not differ in the microsites after one year (Table 23) but
twvo .mortality pattcrns were apparent (Pig. 35). Both
nicrosites at‘Site's nnd the side microsite, Site N show low
initial probabilities of 15 day survival (.68) compared to
the Site N trough microsite (.96). Reduced trough ‘microsite
mortality was the result of cooler telperature and high soil
" water contents[(Pig. 24). All summer lortality resulted from
vuter stress induced by high transpiration stress (see.
physiology séction), heat stea girdling as’ found/ in other
couifers (Baker 1927) or reduced soil wvater. S?nler percont'y
lor'talitynpeaked 16 July and 14-19 July (Site W and;_,_‘s,v
respectively, Tables 24, 15 and .15) follouing three\dayA

means with maximum telperatures greater than 30°C at +5'cm.

Minor lortality peaks occurred before 14 August (site H) and
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Table 20. Cdlplete factorial analysis of variance for
field mortality of P, mariama germlings in 197°.

Pactor DF NS F probability

Replicates . 5 0.0097 0.96 non-3ign
Interaction ,

SitelMsiteXTime .24 0.0558 5.50 Y PC0,L,001
Error : 385 0.0101

Total 467

- G > . - D = A W R A T s S A D W S WD P WP AN AP WD A W M) M W D D WD WS R WD WS AR WD W R WD G W WD W = wn WD

Table 21. . Complete factorial analysis of variance for
field mortality o. P, marjana germlings in 1976.

- r by o e D W - D D W A D s R D G L WD A WP R UP AD WD AR D WP S WS WD W AE R R W G P R WD WP WD WS W W e

Factor DP HS ' P Probability
Replicates 5  0.0033 0.32 .  Non-sign
Interaction ; .
Sitelasiteltime 16 0.0644 6.12 P<0.001
Error 265 0.0105 :

Total 323

- D D WD W AP WD - W W P WS S AR D AR AP WD AP AR WD i S D P G D WD AR D WP D R WD W S D WS WD A - . W AD - - - - -

17 August (Site S) associated with 24-31°9C and 33-42°C
microsite maximum temperatures, respectively. Precipitation
(uﬁ to 15 mm) only télporarily ‘reduced mortality (i.e.
8 August 1975, Site N and 11 August 1975, Site Sy probably
through reduction in temperature rather than Ihcreasing soil

s

vater.

Overwintering mortality was significant only in the
trough microsite (Site N). Abundant needle ice formation as
observed 28 September 1975 resulted in burial or uprooting

of germlings and high (20%) spring mortality (Fig. 24). High

-
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Complete factorial analysis of variance for

individual microsite germling mortality

for 1976.

. - - D - . s —> W - e W A YD AR D W W W =k e =

Factor )l g MS
Replicates 5 0.0123
Treatment 8 0.0132
Error 40 0.0150
Total 53

Site N trough microsite

Factor DF MS
Replicates 5 0.0040
Treatment 8 0.0040
Error ' 40 0.0040
Total 53

Site S side microgite

Factor DF MS
Replicates 5 0.0313
Treatment . 8 0.4646
Error 40 0.0289
Total 53

Site S trough microsite
®

-
[eNe]

Factor ' DF MS
~Replicétes 5 0.0145
Treatment 8 0.0145 |
Error 40 0.0145
Total 53

soil wvater content of ‘this

mortality - but

microsite .reduced

increasing overvinter mortality.

Probability

Non-sign
Non-sign

Probability

Non-sign
Non-sign

-«

Probability

non-sign
Non-sign

Probability

Non-sign
Non-sign

summer

' promoted needle ice production ' thereby
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Table 23. Mortality summaries of P, mariapa for summer
of 1975 and winter 1975-76. -

—..‘...-_—-------—---——-—--—---_—‘---’_------_---_-—-------—-_

ANOVA for mortality of all microsites j

N

Factor DP ns - F Prob&bility

Replicates S 0.0990 1.19 _ Ron-sign
Treatment 3 0.2147 2.59 ., _ Noti-sign
Error 15 0.0830 ‘\g

Total 23 ; -

-~ - -
Percent mortality for all microsites
LA p

3
b
Y
-4 )

\
X

Site N
side “wTrough
; : T
pPercent mortality 55,0 “25.8 32.7 57.7

Grand mean -42.8%.

— e - - = - e W W WA WD TH A W D D D D W D R T S - A - - W - . - ap o -

Minor sources of lbrtality (non-significant) vere
mechanical damage by snowfall (2 August 1975), inability to
penetrate soil, hprocttng or burial by rain ‘splash and
grazing lr(insect?). Germling submergence _(snOVlelt to
5 June 1976, in‘the trough microsite, Site N) resulted in no
observed short terl'nortality in@icating some resistance to
vaterlogging. Germination t%le had no significant affect on
mortality off subpopulations divtded a posteriori -at 8 July
(Site s), 10 Jﬁly (Site N, side lic;osite) and 16 Julyﬁ
(Site n, trough microsite). \ Gerlling' age and daily
microenvironment apparently. ;ere the dgterlining nortaiity<

"controlling factors. Germination time or microsite had 'mo

[3
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Table 24. Complete factorial analysis of variance for
P, mariana germling mortality in individual
microsites, 1975.

- - A A - - W = =P W WP D Wy S wm WD b W e Ak WD A D e A W MR e A s D WA WD W MR S W e S NS B -

Factor DF L P ~ Probability
Replicates 5 0.0132 1.38 non-sign

Treatment 12 0.0593 6.23 P<0,001

Error . 60 0.0164 &

Total 77 0.0095 -

Site N trough picrosgite

Factor DF NS . " F ‘Probability
Replicates 5 0.0085 S 0.52 . non-sign
Treatment S 12 0.1668 10.17 P<0.001
Error 60 0.0164 ’ :

Total 17

" Site 5 side micpogite

Factor DP ,., MS . F * Probability
Replicates .5 ‘ 0.0375 1.34 non-sign
Treatment 12 ' 0.1004 3.58 - P<0.001
Brror. 60 0.0281 S - \
Total 77

Site S trough microsite
Factor DF NS F . Probability

Replicates - 5. 0.0033 T 0.49 non-sign
.Ireatment 12 * 0.0809 11,93 - P<0.001
Error 60 0.0068 : . -

Total 77 ' )

effect on germ.ing success, suggesting initial germination

wvas #he major determinant of stand repfoddction.
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3. Discussion

.
Temperature limitation of P, mariana probably would
prevent germination entirely (assuliqg viabie séed) in
Region I, and would probably reduce germination in Region IX
to one percent in average years. Therefore Inuvik June mean
temperature (10°C) would not insuré reliable germination of
P, magiana. Evidencés from 1975 were that germination vas
reduced (9.6% to 3.6%, Site s and N, respectively) over
40 Km distance between Site N and S. This was ;n response fo
Inuvik'ggggg average temperature (11.3 to 10.5°C), Site s
and N). Gerninétibn in 1976 was also limited (0.6% and 1.2%
germination not significantly different, Site S and N,
respectively), the result of slightly above average (10.3°C,
Site S) and Dbelow average (8.9°9C, site N) temperatures. .
Similar annual differences in field. germination were

reported by Pace (1955), but were not qtttibuted to an,;

environmental factor..

A reliable and suitable enviromment for .gerlination
becoaes inbortani in consideration of the short (53-8 year).
post-fire period for estabiishnent of P, mariana. This short
period is the result of rapid seed releaseé after fire
(Wilton 1963), apparently short . seed - lohgefity (see.
'gerninafion section) and‘destfdction of .seed 1in the soil
'(this.study;'Johnsos 1975; Fraser_1976)%;§arrov segdliqg age
distribu£ioﬁs (Pig. 37) supportive ~of these obsepvatioqs B

-

were also found by,Ahlgren'(1959y and Wein (1975). -
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Germination was found constant between differing.vseed
beds only by Jarvis (1966) in Manitoba and in this study.
This may be the result of temperature limitations as most
studies report differing germination success uirh different
seed beds  (Ahlgren 1959,  Lebarron 1948, pace 1955,
Vincent \965). Mineral fsoil or "moist moss" seed beds are
generally favored by P. !ggiggé and mos* authors report
improved seed bed conditions with borning. Oonly Johnston

(1967 in Zasada 1971) reported reduced germination on burned

3
sur faces.

Timing of P, gg;idgg gerlination'in response - to high.
soil temperatures  and | fevorable water relations wvas
similarly reported by Pace. Eis (1967) working vith Pigg;

englenann;i. and Abies lasiocarpa reported a 51n11ar tlning

(1 July to 16 July 5 to ;;21” study, suggesting also the
importance of tenperature and soil lOlsture interactions to.

other species. No author reported that gerninatlon incréased

v

with precipltatlon events and Arnott's | (1973) reviev
suggested germination was best when sowing of pine and
spruce seed occurred within 3-4 wveeks afte  snow melt

supporting the importance of ﬁinter reéhargevoﬁ_the soil

system.

One year survivorship was similar (.60 to .41%) in all

reported seed Dbeds (Ahlgren 1959 and Pace 1955) with only
Qe

Jarvis (1966) reporting unusqally lov survxvorshlp (.075).

G
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Table 25. Summaries of germination and establishment for
P, mariana near Inuvik and literature values.

- - - e S WP D WD P D e A D D WP D WS WS WE WL Gk G P D AP WP W WP Wb AR wE D - WS R MR A G D W e D D W e W = e

Location viability
1975  site N , | 33%
" Site’'S
1976  Both Sites
Jarvis (1966) Manitoba | 85%
Litter
4 .
Amorphous organic
Mineral soil B

N
_Zasada (1971)
Johnston Minnesota 95%
", Litter
Compacted
Scalped
Burned
LeBarron (1948) Minnesota
. Mineral
Scarified & shaded
Burned o
Undisturbed

———+;iace‘(1§55) New Brunswick 72%
, Ranges estimated
from data °

- W YD D D W P WD W P - A - - - - - -

c

Total
!

Estab/seed gera/viab
Viable

1/45 1718 11%

17117 *1/6 .29

1/104 1/37 3

1/200 17170 ° 19%

1/50 1/43 30

1,40 1/34 19

1/4.5 1,9.3 //ff~\

1/3.4 1/3.3 J/ '

1/5.6 1/5.3

1/47 1/50

1/3.2

1/16

1/23

1,100

1/8 176 = u42%

1/10 1/17 35
1/16 1711 21

1/34 1/24 10

1/40 1728 8

i S B .

5urvivorsh3p in. gicea »ggqle;annii apd Abies lasjocarpa

(Eis 1967) .as .lso co-pérable (.55 and .60, réspectively)

vith a s:3il'r observation that mortali-yv +vas high during.

-

~ the first fe -1~ ks after germination. All authors cite

uatef . stress and heat’ girdling as primary causes of

1

Only:bace referred to overvinter mortality.

portalityyqiﬁh no mention of winter damage by needle ice.



\

95

/

Seedling to seed ratios (Table 25) summarize both
environledt§1 and seed vi&bility effects on seedl}ng suc
compared to - other Istudieg. The role of "telperath e 1in
germination reduction became apparent in' the f&fio of
established one ;eAf—oid seedlings to viable seed. énd the

percent field ~gerninétibn of viable seed. This com’parison

removes the effects ?f lov geraination potenti

Ihuvik population and . reveals ' not only ,annual /and = -
géographical temperature limitations—i is stu bu also\k
reductions compared to other reports. 3~,/////

g 8 ) .
5

.

The comparable mortality rafes of the Inuv%k gefalings.
§to other studies infefs that the success of establish;ent
(or lack thereof) would be dépendent on seed viabiiit} gﬁd
the gerlinafion li‘its imposed by low spring telperaturés.
These charactefistics of é;'ggiig_g‘ and~'thé;r. other
environnentél\ interactions shovn in éhe “1975 -énd 'f9;6
studies suggest little or no regeneration would occur after;

a fire in Regions I and II.



VI. TREE GROWTH

1. Methods

Growth measurements across treeline wvere made using
three feplicate 10 x 1€ ; B}oté at each s?npling site.
Density, height, diameter at breast height“'(DBﬂj and
diéneter at the séel base (BD) leasurelehts véré nmade on
each tree (>1 ma in height) anE counts lade 1of small
- individuals (<1 m). Counts igbludgd all_rootgd étens which

~displayed apical dominance, including vegetative
) ) . : . )
reproduction (layering). Heights were measured using an

Abney level and all diameters wvere measured with calipers.

Tree age was déternined ,Sy sectioning and cqﬁnting
rings in the 1abdrat6fy under a binocui;r dissecting
nicroscope. Si; (or more) trees vere sectioned at each site
‘.Spanning ' the ramnge iﬁ sizes from greater.than 1 nm tp canopy
doninants;uSeedliﬁg éges in young Standé ve#e determined by
counts éf terminal " bud scars, inciuding years buried by
péat, to £he cotyledons (Fig.'36). Stand origins were -dated— _
using burn ségr ages collected at stand ;argins{

Cone producinn wvas counted from 87 trees felled for
either strand age or burn scars. All cones in the top 2 m of
the crown mere separated into 1, 2-5 and 5¢ year-old ciasses

in the 1laboratory based on branch position relative,to"the

branch bud. Seeds per cone vere determined by dissection.

96
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/

/

Figure 36. Twénty—six year old seedling. showing initiation
of adventitious ‘roots at terminal bud scars. Pen points’
to position of cotyledons now 13cm below peat surface. -

P
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2. Results

Seedling age distributions (Pig. 37) suggest stand
reproduction only immediately after burning. Section ages
however, suggest a much broader age distribution with 10 to
86 year discrepencies between ages and burn dates. Taese
615crepancies and increases in age variation were the resuit
of lost annual rings due to burial by peat, suppressed
growth and/or - ;onfusion caused by 'layers; Though these
errors would be highly variable between trees, a linear
correctiqn (r=0.9871, n=24) based on the oldest ring counts
in a stand and fire scar sections was developed and applied
to all stang aées ip the stuﬁy. Tais correction was:

A=‘16.976a‘*1.09265A. ' )
ﬁhere A 1is the age'of the stand (since burning) and SA is
the section age‘an the oldest stand members. A single
corrected stand age wvas used for all séand members and the

assulptlon nade that -all individuals wver¢ the same age

.(18 8 years, SE'of estilate).

" Stand *IQensity:) vas a function of age (Fig. 38)
ﬁecreasing to a relativeiy constant stand denéity  ca
6060 trees ha-t) by 80 years in age. Density subseguently"
increased after 200 years. ‘This increased den51ty resulted
from the death and vindthrow of-dqilnant trees and increased
layering. ?ensity‘increases uefe not tae result of‘seedliag
‘ establishnedﬁ. Layering.appearednsuffisient to effebt staqd'

¥

replacement in the absence of burning.. = - o
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l
Assuming similar patterns of mortality for all stands
\ .
studied, tree survivorship could be described by one of two
possible models = (Hett 1971). One was . the negative
} .

£

%xponential model:
) , Yt=Yo e-byx, (2)
Hhére Yt is the number of plants per unit area at time t, Yo
is the initial number of plants, b the mortality rate and «x
is age id,years. This lodel(gésunes -6rtalify was constan£
'thgough time ana vas_;egected_for thaf reason. The power
fungtion model: } | |
Yt=Yo x—b (3)
assumes mortality rates change with time and was felt more
approprlate. This model transforned and fitted to the /daia
from stands less ‘than 200 years old by a least squares
technique gives the relati§nship;
1n Yt=7.3606-0.72‘46' ln X “ (4)
desérfbing density as a function bf‘age. This relationship
(equation 3) fitted to the data, though not significantl}
different from the prev{ous'exalple (equation 2) by a Z test

‘(Sokal and Rolf 1969), nevertheless described a more highly

" _correlated (r=-0.7052 vs. -0.6147, n=47) relationship.

-

Growth ;uas Exanined from two points, volume growth
;V=1/3 r2h) and heighé}gfowth. Mean volume was calculated
.. for each plot and the effect of stand den51ty, latltude and

age exallned by stepwlse linear nultlple regression of the

o

forn' ' .
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Y=a+b,x,+b1x1*....bhxn (5)
Where Y is the dependent variable, a is the intercept, b, to
by are partial regression coefficients and x; to xp are the

independant variables (Steele and Torrie 1960) .

The age squared tefm produced a curvilinear
relatiénship simulating the senescence of the stand with age
(Pig. 39). Density accounted for 71% ~of the expléined
variance though the magnitude of the standardized partial

regréssion coefficient was 33% stand age (Table 26). Density

Table 26. Stepwise nmultiple regression statistics for
log mean tree volume along the study transect
(x103 cm3) n=53.

S e et emc e et cmmmmccm e ————m a--------
Indep. Partial regress. Stand. partial t R2
variabl= coefficient regress., coef,

Intercept 90.1897

Density -0.008531 -0.5457 -5,2 0.5754
Latitude -1.3346 ~-0.4360 ~6.7 0.7275
Age2 -0.00006575 -1.6392 ~4.4 0.7441
Age 0.02163 1.6418 -4,1 0.8106

T T T o IR AP TR TR L R MR R D D W S D —p S = - D - . - — - — - > - D wn - B = = s > wm - -

reduced mean tree volume, both as related to young dense
stands and to overstocked older stands. An investigatibn off
log mean tree volume as a function of log density yielded a‘
significant negative -cbrrelation (r=-0.5704,  n=44)

suggesting intraspecific interference resulting in- stand

thinging ,[Fig. 40). The slope of the thinning relationship
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log STAND VOLUME (cmd) .

log DENSITY

4
Figure 40. Least squares flt to stand thlnnlng of Picea.
mariana along the study transect. Solid line is the least
squares fit. Dashed llne is the theoretical -3/2 slope.
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was not significantly different from the theoretical

relationship (-3/2, White and Harper 1970).

Ip]

Increased latitude (decinmal latitudeg' i.e.
68°30'=68.5°) reduced mean voiu-e as expecteq in a négative
manner. A similar magnitude standardized?pértial_ regrgssion
coefficient waé found with‘bqthilatitude and density., Age
had the greatest effect on the regression and was -the wmost

useful measure for predidfioq_of stand mean volume (3X).
‘ ) ) ,

Stand volume -ables (Table 27) were dgenerated for each

region using the m@mean tree volume @multiple regression

’

Table 27, Averagé stand volumes by region for P. mariana
: predicted from the multiple regression equation
and average stand ‘density (m3 ha—1).

- D WS L S b D e WP A WD D P D b U WD ) S e s D W TR W W WD wm b W NS AP U WS G W U A D AP W WD wh o wn w w w - w

Age; R Region Density
I IT 1II 1v )
50 0.21 0.47 1.47 - 3.36 16,100 .
100 . 2.18 4.81 _ - 15.07 34,32 6,700
150 - 3.94 8.69 27.25 62.07 3,700
200 3.a8 7.68 24,07 54,80 4,400

(Table 26) and stand density. A density function of age
polynomial wvas developed: - . . "
D=346.0-4.78974+0.0235142-0.0000356543, | (6)

vnere‘A is the:-stand age and D_is the stand density, used to



106

calculate average stand density. Stand volume calculated for
Region I was greatly over estimated (10X) when compared to
field data. These values represent a potential never reached

due to physical damage by wind abrasion and lower tree

. \

densities.

/ Mean stand volume was linearly e‘ate&a;(r=0.égs7,n=50)
- to the standard dev;ation of stand volume by thé\function: l
| ”i=.1.se+o'.98x ‘ S )

*‘i (xibob cm2) :is the mean tree voluie and Y (x1Q00) the
sﬁandard'd;;iatidn;of ot volume. The ihcreasing standard
deviatiop "with neén volume resulted from theﬁlafge incpéase
in volume of a few gqiiﬂanﬁs ‘and suﬁﬁression of most
cohorts. These ‘supp;e§séd ireés 'b;coue t?e canopy yith

rémoval of dominant trees and are also résponsible\'for
layers in the understory.- i

R

Dominant height growth (mean éfA6,tallest trees plot—1)
and average height»grovth of stands less than 200 years old
was~not.predicted\to sbe significantly different (better)

r N

dSingL*the same _in. endant variables (age, density and

latitude) than mean tree volume (R=0.8588, 0.8491 and

0.9003, n=a7; 47 and 53\;espective1"; By a Z test.

Age accounted . for most of the explained variance {89%
and 88%, ‘dominant height " and mean stand height,
respectively) though the naénitudes of age foects differ

(Tables 28 and 29). Average stand height was less a function

i
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.Tqble .28. Stepwise multiple regression statistics for
' dominant tree heights along the study

transect (m) n=47. - .
....... F O e T it i
Partiy aL'tegress. " stand.. partial t R2
le coefficient regress. coef. ~
Intercept 183.,\59858 oo ‘
Age v 0,02698 0.9577 ‘*<::§;§//, 0.6549
Latitude -2.66984 -0.3617 -3 0.6956

Density -0.005216 ~0.2286 -2.6 0.7375

- - - — = > = @ - A WS WS A P S P U T A A e MR WD WS A NS My A e ap

Table \33. Stepwlse multiple regression ‘statisticgs. for
average tree height along the study /
transect (m) n=47.

- - . - -, WD WD W = WD S WP S A Am S - - - ———--‘o,- - . - A —- - D D -V o

Indep. Partial regress.. Stand. partial t Rz
variable . coefficient - regress. coef.

Intercept 130.47496 ' :

Ade . 0.01888 . 0.1407 6.9 0.6332
Latitude . =1.89951 -0.3751 -3.1 0.6670
Density -0.0043866 -0.2761 -2.9 0.7210

- - - P - -~ W WD S W WD e AP iy AP WS W AP A TP W A MR A T ap b b AP A 4w e - - - A - - -

of»agé than was stand .dom;naﬁt height, re;lected .in the
m;gnltude ;of the' standardized partial regression
coefficient, and was probably the result of the suppressed
ceaort . populatlon-. ‘bominant tree height tables vere
éenerated for each region (Table 30) wusing the mu;tiplel
regression ‘(Table-28) and the density polynonial (equation
6) . Linear regressions of average and dominant height growth
jacrogs treeiing on age (Fig. 41) were calculated to provide

-

comparative data for stands under 200 years-old.

No relationship betveen. cone production and age was

o
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Figure 41. Average and dominantﬂhéighté'from Picea mariana

stands under 200 years old.

dominant height on age.

Solid line is regression of
Dashed line is the regression of

average height on age ( 0=average stand height; o =domin-

ant stand height).
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Table 30. Stand dominant heights by re ion predicted
from the multiple regpession equation (Table 28)
and average stand density (m).

R e MmO A AR R m T R TR R D AR AR D P D WS A D WD D AP R A W D WP D e A WD Wy S D W AP P WS P WS S R m D W W - -

Age Region -
I IX 11T IV
50 0.8 1.5 . 2.5 3.2
100 2.7 3.4 5 4.4 5.1,
150 4.2 4.9 5.9 6.6
200 5.5 6.2 7.2 7.9 .

founq other than cones were first produced between 25 and 30
years and were reliably produced‘at 85 years. Tree yolyié
vgas curvilinearily (r;é.7537,n=69)- related tc j‘year co&e
product}on-by:‘ | h e
| nlog C=-1.1393$d.6u98 log v, (8)
wvhere V is the individual tree volume and C is the number of
cones 1-5 years-old. Pive year coné production damped out
annual ‘variation and gives the best estimate of st%nding

seed population. Porest-tuandra (Region TI) stands were not

considered in the regression due to the low and sporadic

~cone production.

-
[+

Seed number per cone varied with length by:
=-1;6620+a,0690L. (9)
Lihe;e L is the cone length.(lpy and N is the seed number. No
enyironnent&l or g;ovthhcﬁarac;eriStics could be rel-ted to
cone length or 'seed nuaber. Consequently, éil measures of

seed production used 72.8 seed cone-! (£11.95 sp, n=100) 4in
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the calculation. Seed production was estimated at
6.384£2.16SD X103 ha-—1 yr-* for stands 80-100 . Years-old
increasing to 13.243.00SD X105 ha=f yr—1 for stands 150-200
years-old (Plg. 42). Stands 270+ years-old were estimated to
-reduce\ annual = seed production to 6.03+1.40SD %105
seed ha—t yr‘l ‘All seedi“ production estipmdtes were
calculated from measured tree volunes and summed by plot.

«

3. Discussion

‘

Even aged stands near treeline are foundesupporting the

hypothesis that fire is central “c P. marjana reproduction

at tteeline. Zoltai (1975) contradicts this hypothesis
presenting upeven age distrlbutlons based on stem discs
(+10 cm) and was apparently unaware of the associated g__;,x:ox:
dlnﬁsanpllng. The absence of P. marjana reproductlon within
established Inuvik. stands -ay also be in contrast to Kershaw

1

and Rousets (1976) reported increased densitles Hlth age,(ﬁ\v;

7

though no separatlon of layered” 1ndiv1duals .Was made in that
study. The 1nportance of layering vas most evident in older
‘stands where layering increased Stand density and woulad
‘certainly replace canopy doaminant trees. Strang (l973)
vorking between Port Good Hope and Inuvik, reported "the
open Pjicea forest eventually died out if fire was excluded,
to be replaced by: an almost tundta-like condition." He,

ignored the importance of layering. No evidence even in the

mOst  northerly stands (stands Ta and Ib) suggests -
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e11n1nat10n of P -aglana by fire exclusaon.

Changrng nortallty rates and den51ty .dependent average )
tree volunes g-snggested 1ntraspecific 1nterierence- bf
E; mariana eéen"in ahi open-canopy voodland ‘ connunlty.
~Changing’- nortSiity ratés have been found in other spe01es“
both with even (Yarranton and Yarranton 1974) and uneven age

distrlbntlons (Hett and Loucks 1971), but most studles hqye\
dealt with closed-canopy -species.’Yarranton and Yarranton
suggested high initial'nortality in responsecto ’linitationsb
1nposed by tree vater relations as causal, but no Hork with
thlnnlng vas presented Further, the slope of. vthe density
dependent tree  volume | relatlonship ‘also _ suggested.
intraspecific interference; This interference: vas ' probably
‘through root " interactions: Observations ofwrooting:habit
showed P neriana'roots prinariiy tn the nlneral soil-peat
interface with qertein restriotions ‘ imposed by the
permafrost table (Pettapieqe 197“,‘ persdnal observation).
Extrapolation of the power functlon descrlbing nortality
(0. 72a6 mortality rate) to the ranges 1nc1nd1ng the germling
survivorship experiment ~(0.7851 10.42385D, n:a) gave results
not significantly diffenent by comparison. This suggeSted a
seedling population of 350 seedlings 100m—2 at 8 years

resulted from 1570 gerlinatlons, not unreasonable values.

¢

Stand volunmes (Table 27) were 33 to 50% of literature
values (Tabie 31) for 'southern nplandﬁ'and poor sites,

respectively. Both lower stand densities and smaller _trees

"
>

/
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Table 31. Literature reported stand volumes, dominant
' tree heights and stand densities for
P. marjana sites (»Z ha=-1, n and stems n—2z)

-----..-.,-_-------‘.---------------_--------------._----------..

‘Authors and vegetation type Age Vol. Ht - Density
) (m3. ha~1) (m) (stenms ha*1)~

Weetman and Harland 1964 "
"Hypno-Picetum" Quebec 65 223.0 13.3

Barney and van Cleve 1973 ,
Fairbanks, Alaska 51 9.4 21,079
) _ 55 10.3
Jameson 1964 * o . . <
Northern Man.-Sask. . :
black spruce/feathermoss 50 34.7 7.6

100 143.2 15.8
L 120 152.8 16.7

black spruce/feathermoss 50 15.5 9.8
' L, 100 117.1 14.6
140 185.7 17.7

black spruce/sphagnum 100 83.9 13.1 -
. 160 95.8 14.6
black spruce/jackpine 140 108.5 15.3

Moore and,Verspoor 1973
Northern Quebec

"spruce-lichen woodland" N ' 1,270
' \ Lo kS 3,080
"spruce-moss woodland" ™o ' , 4,840
‘ : N . 5,350
Horton and Lees 1961% AN
Foothills, Alberta BN )
"Mesic upland® 50 128.7 . 10.6

100 :268.0 “16.8

"Upldwd transitionn 50 69.9 8.0

100 191.4 13. 7
150, 229.1 16.1
50 ' 23-7 5.0 ‘

"Shallow bo
: /’f:;\\

Jeglum 1974 .
Northern Ontario ’

100 120.3- 10.6
150 152.2 12.4

"Moist forest n 12.2
"Picea/Ledun" 10.1
. 5.9

"Muskeg"® 4.6
(\1.5

---‘--------------------------—---Q-----_-
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were responsible for reduced volumes. Densities wvere
comparable to "spruce-«lichen woodland" in northern  Quebec

(Moore and Verspoor 1973) and "Stereocaulon woodland®" in the

éouthern Northwest Territories (Kershaw and Rouse 1976) but
were lower than southern populations (Horton and Lees 1961)
and Alaska . (Barney and van Cleve 1973). Dominant height

growth also follows this pattgrn.

Seed production, in spite of reduced stand volumes and
dominant height growth, wvas similar to reported values

‘(Lebarron 1948, see Table 32), though no indication of stand

Téble 32, Seed production of black spruce in ﬂinnésota
from Lebarron (1948) (seed X105 ha—t).

D - D P D D D D L AP G Y D D W D U WD WD D S - Y P D - D - T D UD P =P D G - A = > - -

New cones ' : 1 Year-old cones

Viable total" .~ viable Total
Svamp stands
4,45 _ 6.85 ' 3.38 .- 5412
¢ ‘ Upland stands . ' .
16.21 ‘ 21.90 ‘ 8.22 " 1.1

D D - A W D D D AP AR DD D > A A D AP D D DD P D G A D - > A TP P - - A DA D - > - - -

age, growth rates or methods were given ﬁn the early study.

Seed productiomn in Lebarron'sqstudy yas’higher in the upland
stand but further‘conpér;sén.would be;tenuous.'In;tiatiOn 6f
seed produét}on “in Ianik' stands is delayed 15-20 years
(Vinceﬁt 1965), vhich extends the critical interval for

effective regeneration betveen fires and generally reduces

\\
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seed production. !
/// '

/ . :
Quantity of seed /'produced, generally decreasing with
stand volunes tqyard treeline, is greatly reduced 1in

forest~-tundra a:qgé in response to the deformed nature of

s

‘the ‘trees (Fig. 47). These deformed trees never reach
/
potential sizés or densities, hence the reduction in seed
/ . .

productidh//
//
Treé growth and seed production in Regions II, III, and

' ’/
IV :is’ sufficient to regenerate stands at fire 1ntervals

betgéen ca 80 and 250 years . but environmental effects on
seéd_ quality and germination may limit regeneration in

Region II.



VII. VEGETATION

1. Methods

Vascular and cryptogamic plants were sa«pled ;t each of
19 sites with 25 rectangular, 20 X 50 cm 0.1 lsz/ﬁ/otfl
spaced at 1 m intervals along a transect (standf\N/'s, IIb,"
IXIc and IIId used 10 X 20 cm plots, 0.02 ul, for cryptoganlc
species ). Cover was estimated by cover class and percent
cover calculated from cover'class mid-points. Frequency was
- calculated fron presence~absence information for eech plot
and the data. presented in an associatlon tab® ~ as percent
Cover and frequency. A "+m wvas used for cover «L 3 less
than 1% and frequenc} values less‘ tﬁan‘ 16 . . »cies
groupings were decidead .upon using cover ang L. 2@uency
differences. All p, mariana wunder 1 m in height veie
included in cover and frequency estimates, providing A
. measure of layeriné in older stands. Taxonomy followed Cody
(1965) for vascular plants, Ahti et al. (1973) 'for. lichens
and Holmen and ‘Scotter (1971) for nmosses. Aulacomnium

\\

Palustre inchges A, acuminatum due to taxonomic confusion

in  the field and contrary to Ahti ‘et al. the subgenus
\

Cladinae is raised ‘to full generlc status as Cladlna. Actiye

layer depth was measured with a 1.2 cm diameter rod at 1 m

‘'intervals for 50 points.

116
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2. Results

‘ Burning of "~ most of the Pic€a mariana/ Vaccinium

uliginosum)'Auiacomniug spp. woodland occurred within the

v

last 100 years, and stands spanning the range in ages from 8
~ to igg\ 300 years-old were samp;ed. No successional
replacemeht of dominant vascular plants wvas found. as most
shrubs and herbs simply resprout after burning and soon
.achieve prg-burn promipence, Oon thé contrary an qrdérly
chgnée of éryptoganip . species wvas \fouﬁd éuggestiné- a
continuoqs snccegs%On; Rbug stéges in this sequéﬂce were
described ‘based on growth rglate& physiogﬁomic changeé and
speciés changes uith time since - burning. Ailk stages were
found " in Regibhs - L. IXIX " and iv\vith only“sldgr stands

~{240+ years-o0ld) sampled in Region I.

(Fig. 43), was dominated by a wmixture of the colonizing

mosses Ceratodon Eufpuregg. Bryum psuedotriquetrum and

Polytrichum juniperinum ({Table 33). The Lichen’Peltigera
malacea and livervort Marchantia Qolxmo;pgg also had high

cover  values with ,evidence of increased earlier cover of

Marchantia found- by excavation in 8 year-old stands.

gg;lobigg‘ anqustifolium was the most conspicuous vascular

stage 1, lasting from 1 to ca 15-20 years after fire

plant with ‘Salix gqlauca, S, pulchra, Betula q;agdulogg,

Arctagrostis latifolia and alamagrostis canadensis

resprouting or quickly seeding back onto the site, Seedlings

of P. mariana when present were generally obscured by the

o
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Y Figure 43. Stage 1 vegetation at Site S burned in\'«1\\968.
Regrowth of Salix spp. is evident between fire killed trees.
Picea mariana seedlings are ca 15cm tall after eight years.




Table 33. Association table with'stands‘arranged in o«
order. of increasing age left to right. Diagnostic species-

for the fou- . ‘ages are boxed. Cover and frequency are
. "
separated ! oLt .
. ) .
a s I1In 1va 1tc Ile 121 ) 1134 1113 . Ivs
Plcoa wartiane’ 10, 4¢ 19,40 . 11,44 6,4 12.20 .
Auss cover 25.88 45,100 560.100 10.15‘_\11.“' 32.9¢ 6B.100 5.9 JO.8a 20,100
Lichen cover . 11092 1. 06d 12.v8 A0, v2 g.92 “. 76 ¥ 29,96 20,84
Zpilobius anqustafolius] 3,32 1%.40 1. ts . h L
fAdrchentia polysocpha “. N4 22,56 \\\
Paltigeca salacea 10.60 L.90
Aryus pacudotciquetrun 1.50 2.92 . “7s *. 15
Caratodou purpureus 81.96 39,92 K 11,89
Polytrichum coamunc : . .
FPolytrichue junipotinua| 22,80 9.4 3.20 2.3% V.16 . .
Aulacomnius acuminatua e 1.2 ] «rrwz 7.3% [ 16,30 w2100 o, 98 6.5 1,60
Aulacomntum turgidus 1.40 1. 58 t.Jo 1.20 7.32 14,70 8.52 2.28 5.52 2,49
Taccinium vitis-1duca 8.56 ° 1,16 12. 048 1.3, 21.71s 5,75 1,40 . 26.96 22.100
Yaccinfum uliyinosua - . 13. o8 7). 190 . 31.9¢ 75.100 B6.100 71,100 61,104
Cladonia spp. . . 1.32 25.5%6 s.8% 6.24 4 2.132 5.56 1160
Peltigera aphthosa 11. 60 7.40 10.85 2.4 . ., 32 1.32
Peltiqgara canina . 3.6 2.20 1.12
Arctostaphylos rubra . J.12 . 8.68 .4 2.20 2.28
retasites frigidus . ) 2.48 .. 12 .
Saunsurea anquxtifolia . . 2.24 2.32
Zapetrun nljrus . 1.1 * .12 2.+ 6.2
Hypnua gevolutue .55 4.2a 5.28
Wylocoajua splondens . 1.10 3.28 - o 11.2n V.12
Cladipa alpastris . . )
Cladiua sitis . *.25 1.10 . * 20.78 6.32 .
Cladina rangiferina . 1.¢ . . .
Dicranus angustus » . 1.10 + . 1. 24 1.32
Picraunes undulatua - Tt 3 R .
Dicranum elongatua . K3 .
Cetraria cucullata . ..
Cetrarfa {slandica
Cetrarta atvalis . .
Ledun palustre 19.s8 * * . . .
Rebug chasaemorus 2.2% 3 o
Eriophorum vaginatua 6.23 *
Sphagnus spp. s : 3.20 1.10 ‘ .
Spiraca Beauverdiana 1.24
ilnuc crispa .
Carexr biyelovif . 14.72
Betula glanduloca N 6.20 1.2 29,80 10.20 “.60 .60 J.e 6.28 L4
Ledum groenlandicua .20 S. 24 19.76 o 2.56 -7.68 $.52 12.80 “.as
Salix pulchea 4.36 49, 8¢ 20. 72 .12 .12 . . 4.3¢
Salix qlauca * 21.38 .12 2. 8¢ 3. 28 7.36 13.2¢ 21,48 8.32
Equisctus arvense 6.2 . . T 248 * . L4
Zguisctus scicpoiden 1.40 1.2¢ . 2.92 3.8 7.68 .16
Calamagrostis canidensixziS.72 7.88 6.89 . 1e 4,60 .48, +.20
Arctagroztis latifolia 1. 16 .12 .32 . a4, 6a . 1.2¢
Ansa acicularis 3.24 . e 18 2.6 1.32
Ptilidium ciliare * 1. 10 . 2,4 .
Tomenthypnum nitens 2.20 . * 5.15 6.8 + 1. .
Pyrola asacifolia . N 1.36 016 *.12
Pyrola spp. 20 [N . .12 1.80
tivervore 1.60 () w28 * 2.1
Brachythecius sgp. . . +. 10 .15 . * .
brepasnocladus spp. . . N .20 . .
Drepanocladus revolvess 3 . 8.12
Drepanocladus uncinatus S. 48 .10 X * 1.12 2.+
Eurbynchium pulchellus . . . . %15 ,
Craminoid . 1.12 * ¢ -
.Carex spp. . . 2.32
Compoaite . .
Lepinus arcticus . Y 1,24 e
Betula occidentalis ~ .
Pohlia nutans . . N
Stereocaulon spp. . . .
Peltigera horitontalils ™~ *
Pedicularis ladradorica P .
dstragalus alpinus . 6.56 . .
Leptobryus pyriforan - 3. 16
Oxycoccus aicrocarpus * i
Peltigera spuria .
Pyrola se«cuada .. 10
Ribes triste N . ~ .
2ibes hudsoanianua . S . ' ~
Nedysarum Fackenzii * "
Chamacdaphne calyculata 24,68 X ) ~
Shepherdia canadensis e 12 R
farnassia palustris . :
Anfua np, *
pitrichua flexicauls . .

picranus suehleubeckid
Pleurozius zchreberd

Kypaus Ep.

Ramnwnculus lapponicus

Androacda polifolia ~

Dicrarym acutifolius =
Tottaplodon np.

Pedfculacis sp.

picranua yroevnlandicus

Deyeax intcgcifolia

Stellaria sp.

Rhododendtoa lappon{cun
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Table 33 (continued) )

-———__—._—....__...._....__._.-.......~.__-..—._..———-—..._____...-___._—.._.—_-——-___—...—.—/-.__._...__._.

11b 114 1y Iito g Ia Iy I1a tve

Ptcoa maclana .. 20 5.12 4.20 4.2 20.)8 .72 20.as
Noss cover J1 96 a3,ye JE.100 &9.ve 54,96 Jo.s0 20.ds 2.28 17.88
Lichen caver 1t.d9 12,40 Iv.v2 “y,96 2.7 a1, dae AS.9e 94,100 1,100
Epiloblua angustifoliyn
« Marchantia polymorpha .
Peltigrra wmalacea
Bryum prieudotriquetrum .13 ..28 X , i

Cetatodon pucpurcus
Polyt tichum Cuamune

Polytrachum Juasparinum +.12 . 1. 2¢
dulacownium acucina®ys 2. 24 12. 58 S.4d L 1,24 . . . .
Aulacoaniua turgaduynm $.%0 12.52 .28 1.20 12 2.40 . 1. 1€
Yaccinlua witig-idan, Wd.100 22.100 12.9s 3¥.100 55.103 {18.9s 21.100 12,48 39.100
Yaccinium uliglnosue 12.52 .18 27.83 as,100 14.56 T.54 16,64 . R .

Cladonia =npp, 12,00 2,48 2.6 J.us 1.40 . . *.32 PN Y
Peltiyera sjphthoza 2,10 .v2 . 3.e8 ! s.ap 2,24 1.2e .12 . 116
Peltiyera canina : . 1.20 . . . :
Arctostaphylos rubra . 10. 64 3.32 J. s 2.0 -
Petasites trigidus 10.06% o . + 1.0 . 2.40 2,32
Saussurea angustifolia 8,48 3.J6 .

fapettus nigrum 1. 24 Cod.as 13.Ye 1.1 3.2 5.8 . 1.12

Hypoum rovolutua 7.15 1. 24 8.32 . .

Uylocomium splendens 3.20 . 9.3 4,29 12.49 8.a0 6. 36 *

Clading alpactryis .- . . . v 8.20 45,97

Cladina sitis 8.30 12,84 33.80 39:86 5.40 10.48 2.8 [T} 39,88

Cladina rangifocina 2.10 12,40 1.12 3. 16 . 19.76 Ja.aw 19.48
Dicranus angustums 6.20 I ) 2.20 1.16 2'21 . 5. 16

Olcracym undulatus ’ 0 22 D 2,20 1,29 * . .48
Dicranun wlongiatys . . Te 1.20

Cetcarda cuculliata .15 . .12 12 .2 .12
Cetrari{a {slandica 1.25 .12 1. 44 *.12
Cotracis nivalis . 1 .20 1.20 4.2 .16

Ledum palustre 128.100 27,100 1.12 2,12 Js. 100 . RERLY)

Rudus chamaenorus 5.32 1.32 - . +
Eriophorum vaginatus . . “12

Sphagnum spp. 4.25 12,40 2.20 2.¢

Spiraca Beauverdiana

Alnus crispa . + .2s

Carex bigerlowit 1.16 - 4

Betula glandulosa .12 .64 10.28 12,24 "

Ledun grovalandicum T.08 1. 04 15.7%6 ?.76 14,52 €. )6 22,64 8,40

Sa2l{x pulchra : 2.0 1.8 5.16 . .. *

Salix glauca p ) - 2,28 19.48 .. 16 4 ©o 320 . *

Zquisctus arvense * .. 20 1. 106 * 1.32 ° 5,30 1.0

Equlsctus scirpsides . ., 38 24712 1.32 1.4 .5.88 .

Calamagrostis canadensis 1.52 1. 76 2.40 2.49 . 2,36 1.32
Arctagrostis latifolia 2.40 ¢ 1.16 2.28 6.76 2,32 1.36 *

Rosa aciculacis 2. 24 . 1.32 3.24 -

Ptilidium ciliare 2.+ toe Ce 3.2 15.56 K . 2.2« T.e
Tomenthypnum nitens ’ 2.12 1.32 .28

Pyrola asarijfolia + . 1t.60 11,60 1.0

Pyrola npp. . 3.58 1.24 2.36 .54

Livcevore 6.86 1.18 . .

Brachytheciua spp. .15 .16 .

Drepanocladus spp. . : )
Drepanocladus revolvens . L ’
Drepanocladus uacinatus .

Eurhynchiom pulchellua ¢,15

Grasiroid 1.32 N &

Carex spp. . “ e 18 .

Coapogite 2.36

Lupinus arcticus ' .

Detola occidentalis . .

Poblia autans (Y * . L * f‘

Stereocaulon spo. . . . . . . ~

Peltigera horizontalis . L >

Pedicularis labradorica s .

istragalus alpinug * ,

Laptobeyum pyciforae

Oxgcoccus microcacpus

Paltiqore spucia .

fyrola sccunda N

Ribes triste

Ribas Rudscnisnga

Nedyzarna fackenzii

Chasacdaphno calyculaca

Shepherdia Canadensis

Parnassfa palystrig i
Acium sp, .

Oitrichum flaxicaule }
Plcranun auehlanbeckii ’ |
Pleurozriom schruberi 3. . .

Rypuum xp, « - -
Rannuncylus lapponicus . . N

Androncda polifolias A - )

Dicranus acutifoiius ' . .

Tatraplodon sp, . )

Pediculeria sp, ’ ‘e i )
Picranum grownlandicga . <
Oryan inteyrifolia ' .

Stellacia ap. oy 1. 16

RAododeadron lapponicua : .
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vegetation. ' . : .

Stage 2, beginningr 15-20 years after fire (Fig. 44), .

vas dominated early by Cladonia spp. and Peltigera aphthosa

with increasing amounts of Aulocomnium palustre, A.

turgidum, Hylocomium splendens and Peltigera canipa with

age. Yaccinium uliginosum reached its highest cover and
frequency (mean 54% and 83%, respectively) late in Stage 2.

at - 50-120 Yyears (Table 33). Petasites frigidus, saussurea

anqustifolia and Empetrus nigrum alseo increased in

;importance in southern stands. P. gggiggg penep;ated the
predominantly Salix canopy early in Stage 2 and was 2-3 n
tall by -120 years old. Densities decreased in Stage 2 to a
¢onstan£ of Qg 6,000 trees ha-t and tBe active layer also

decréased to an apparent constant (47.3 cm t13.35b, nz14)

for all stands greater than 80 years-old.

Stage 3 vegetation, typical of stands 120 to 200
years-old, was found only in isolated forest stringersr
(Fig. 45), or around lakes and rivers in Regions II, III and

IV. Cladina mitis and the mosses Dicranum apqustum and D,

undulatum became dominant with reductions in Cldadonia and
Aulacomnium species. Vascular plants generally decreased in
cover apparently responding to increased canopy closure.

Only Vaccinium vitis-idaea increased cover and frequency.

Stand tree densities remained relatively constanF as heights

increased to S5-7 nm.



! ~

.Figure 44. sStage 2 vegetation at Site IIh. Complete
cover "of Vaccinium uliginosum is evident between.ca 85
year old trees. The stake is one meter tall with ten

centimeter bands. .

122
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Figure 45. Stage 3 vegetation at Site IITe. Reduced
shrub cover and increasing lichen cover are shown in this
ca 185 year old stand. The stake is one meter tall with
ten centimeter bands. ‘
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Stage 4, 200-300 years-old (?ig. 46), was the rarest.
. '~

stage, only found in four locations in RegiOns IT, III and

1vV. Stage 4 Picea mariana/ Vacciniem uliginosum/ Aulacomnium
spp. woodland was the only stage found in the pockets of,

forest in Regivn I (Pig. 47). Cladina alpestrid - (=C.

stellaris), C, mitis and C, rangiferina increased cover and

vere the dominant. lichens with <Cetraria cucullata, C.

islandica and %xagivalgg present with high frequency but low -

cover. . Most vascular plants were present only in reduced

2

e

cover and frequency; only Vaccinium ygitis-idaea wmaintained

relatively high cover values.

P. mariana " cover, indicative of layering, increased .in
stage IV and apparently responded to the death of canopy
dominants. Total 1lichen cover also increased in Stage 4.

Lichen cover generally increasedewiph time since burning in

2

all stages and was significantly correlatedv(r=0.8470, n¥19)

. - 9 B
. with age. Vegetation in general was homogeneous across

treeline in Picea nariggg/_!ggcinidn uligind§gg/'Aulaconn;um

spp. woodland with no measurable differences in species

o

within and often between staées for;most vascular plants.

Only iedg; palustre, ﬁhbgg chamaemorus and Eriophorunm

vaginatum and mosses of the genus Sphagnum were found to

increase cover and frequency in Regions I and II. (Cetraria
lichens were also more frequent in Regions I and II but

these also increased in freqdené} in older stands {Stage 4)

of Regions III and IV. Most Shrub species (i.e. Salix glauca

’

+

L]



- Figure 46.

Stage 4 vegetation at Site IVc.
Picea mariarna with butt-rot are breaking off.
layering is also present.

with ten centimeter bands.

Taller ]
Increased

The stake is one meter tall =

12
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Figure 47. Stand Ia showing deformed nature of Picea
mariana. The stake is one meter with ten centimeter
bands. ' :
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A "

pulchra and Ledum groenlandicunm) decreased in cover but .

vere generally present in northern stands. Only Alnus crispa

dramatically increased in Region I and may have been

accidental in the stands sampled. Betula glandulosa was
.generally present but was a minor component of this wvoodland

type. Other tree species (RPicea glauca, Betula resinifera

and Larix laricina) wvere occasionally present in sampled

stands but were absent by 150-180 years after a burn. Lagix

»

laricina, a wminor component (less than 1% of stems) of

Regions III and IV stands, was not found in Regions I and

II. Both Picea glauca-and Betula resinifera were found in

Regions II, III and IV but only Picea glauca was found in

-~

the forest-tundra, Regiomn I.

C) Discussion

Cryptogamic recovery segquences (Fig. 48)‘after fire\*
have been described for P, mariapa -woodland from other
regions ‘of  the Northvest' Territories (ﬁéikava and
Kershaw 1976, Scotter 1964). Thése studies described early

\ colonizatibn stages to mature lichen woodland énd in the
Maikawva and Kershaw study lichen-woodland stages to .

"Hylocomium-Pleurozium forest". Scotter described @ a

colonization stage of Epilobium angustifolium, Mapchantia

polymorpha, Polytrichum spp. and Bryus “psuedotriquetrunm
‘similar to the present study vhereas in the Maikawa and

Kershaw  study ‘the colonization stage was dominated by
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_Polytrichum piliferum and Lecidea spp. Both studies repbrt
invasion ofvcladonié spp. and cladjina spp within 20-25 years
and domination of the ground cover by cladina spp. ~and

Stereocaulon spp. (Stereocaulon paschale in Maikawa and

Kershaw 1976) between 50-60 and 120+ yeérs. This invasion

and dominance of the ground cover by lichens was found to be

60-100 years sooner .than in the Picea mariana/ Vaccinium

uliginosum/ Aulacomnium spp. woodland in the lower Mackenzie

Valley. The delay found ;, was apparently caused by the

increased and prolonged dominance by shrubs (i.e. Vaccinium

uliginosunm, Salig‘glaggg; §; pulchra §nd Betula glanaulosa)

not present in the reporied soutlieastern sfudies. The most—
plausible explanation for this\phenohenon is the 7different’
‘substrates, ”céapse séndy soils for both comparative studies

(Maikawa and Keréhaw 1976, Scotter 1964) and fine textured

tills in the present study. The latter leads to improved

wé%er and qwirient availability. and more luxuriant plant

growth. | ' |  @ 

-

.The  described early colonizing stage (Stage.1)’wés
found south and east in thd Lower Hackenzi%‘?alley _5y~ Reid
(1974) And - Zoltai \1975bj cbnfirqiniv the' widespread
distributiqp-of this stage. Reid reportedtva, similaf ;opeh
black SPéuce/LgQgg/Qlea_ogig" (Ledugm groenlandicum)
vegetation type between Fort Good Hope and Eor£  Nérman' in

the southern 1limit of the Lovwer Mackenzie Region. Reid

" however does not report the existence of’tall shrubs (Salix
& “
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{

pulchra and Betulg g;andulosa) suggestlng the

tundra affiliation of the'vegetation in the present study.

——— e o

The presence of Ledun palust re' in most stands of
Regions ITI and IV and its donlnance of stands 1n Regions I
and II was found 51m11ar to reports by Larsen (1965, 1971a)
from east of Great Slave Lake and 500 km southeast of Great
Slave Lake. Larsen's studies also only  found Betula

glapdulosa present in northern stands though no mention of

- Salix glauca and Se pulchra was made.

cinium uligimosum/

-——-

l<

The existence of Picea mariana/
Aulacomnium Spp. ‘voodland appears restricted to the lower
uacken21e Valley (Reglon B.23b, Rowe. 1972). 1n other open
boreal  forest  studies  (Hustich 1957, Ritchie 1959,
Scotter 1964) the ubiquitous shrub ‘Vdccinium gliginosgg“has
.been reported but not the persistent shrub and nmoss

domiqated stage, 'characteristic of these  more 2rn

woodlands.
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VIII. SIMULATION MODEL

A) Model structure

A ‘stand reproduction model  of° P, mariana was
constructed with empirically derived field information using
a discrete event formalism. Wildfire destruction of a stand
was the "event" wupon which the model calculations were
based. Each iteration of the model therefore consisted of
the post-fire . stand regeneration calculated from the

reproductive potential of the preburn stand. |

Driving variabies for the model were dégree days, mean
return interval of wiiﬂfire and standard deviation of the
return interval. Degree days provided the environmental
input for all grouth; seed quality‘ and germination
calculations. Mean return inter§al provided the time element
. for all growth and competitive interaction with standard
deviation of the return interval facilitating the
introduction of variability to the nodel. Normally
distributed return intervals may not be the mgst‘appro;riate
statistical distribution for purn intervals (Rove ef al.
1975), ﬂut were névértheless used out of practical
considerations. Expogential or Weibul distributions of the

return interval of fire would be possible alternative

distribuytions. _
V4

The state variable stand density was returned from each

31
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iteration, as established 1 year-old seedlings and the
quelling unit was one 10x10 m plot (0.01 ha). The model 1is
programed in.APL (Appendix I) and an abreiiated flow diagram
is presented in Fig.i49.

s

7o
The model was initialized with a density of 40 trees

100 'm-2 and given desired degree day, return interval and
_standard deviation values. Specifying the duration of the

run (time in years) started the model.

' Using return interval and standard deviation, a
hormally distributed random number generator determined the
burﬁed stand age. This age was used to deterﬁine competitive
reductions of stand density to ‘averaée field densities
(Equation 6). Average stand density described by a third
order polynomial was used instead éf the possible power
‘function model of mortality (Equation 4, pg. 101) thereby
simulating density increases in old age standsw (Pig. 38).
Densities above- average vere reduced to averége and

densities below were allowed to remain below average

simulating competitive thinning of the trees.

Mean +tree size (volume) in the stand was calculatgd

-

from a multiple regqression function (see Table 26) of degree
day, density and age values gene;atéd previously by the
model. Tﬁe size of each p:e-burn stand tree was then
generated by calling for normally distributed rapdom numbers

Wwith mean as the mean tree size, standard deviation which

\
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.
can be calEEIated from the mean tree size (Equation 7) and
number of size values equal to density.

Cone, and ultimately seed number, were calculated for
the simulated \stand by determining the‘number of cénes per
tree (Equation 8), multiplied by the averagé seed per cone
(73, and summed by plot. The underlying gssulption is that

‘all seed produced are released and no predation reductions

occurred.

.,

. . N

/ A ot “x o N »
Cd{&ul%tion of post-burn established seedlings began

\.
with germ tion potenfial of the seed de;ermined by the
relationship:v

0=-140.39+58.19J-8.15J2+0.3892J3 | (10)
wheré J is the June mean temperature of the previous year
and Q the pegcent germination‘bf the seed 'popglation. This
was a best fit relationship (Fig. 50) tc the environmentally
reduced‘ gefuination poféntials found in the 1975 cone crop.
(see germination - section). June .mean temperature“ wvas
described as (Fig. 51) linearly felated to degree days
(r=0.9053,,n=16)‘by: 'f ‘ :_ C:‘ '

” J=-4.98+0.01204D ENERY
where J .. June mean temperéfure and D the degree day-

driving variable. Potential germinating seed was germinated

wr -

.by the relationship:
M | =-22.842.605 (12)
where G is the bercent germination and J is June mean

temperature (Fig. 34). Gernination'vas first reduced by 33%
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for the restriction to huammock side anad trougl microsites,
assuming even seed rain into’all.licrosites. A first year
mortality constant of O,uu vas then applied resulting in
established -1 year-old seedlings returned as - the staté
variable density for the next iteration. Densities less than

1 were returned as 0 and the run was terminated.

. Burm ages vere sumned from each .iteration‘ and runs
terminated vhen Asulled burn ages exceeded theé total
requested time. All test runs were 1 @minimum oOf 10
iterations and daga points vere density means of the last 5

iterations. ‘ \

B) Testing and Results , y
) \‘5.’.

Reduced reproduction, as-would be expected in forest

tundra regions, wvas defined as 1less than 950 1 year-old

established seedlings 100 m-2. This value wvas determined

from the pover function lodél JE;uat 6n 4) as the nuaber of
1‘year-old established seedlings. required to - maintain
5y average densities throughout the stagd "lifetime™. Therefore
open boreal foggst vas: defined for the model as geproduction
gteater than 950 1 year-o;d seedlirngs, forest-tundré as 1 to

950 seedlings and tundra as no reproduction.

3

Application of these criteria to simr ion. data
(Fig, 52) prédicted treeline and forest line to .. ca 40 km

=outh of the current position for 400 to 2}5 year barn
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Figure 52. Model predicted seedling establishment at
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differing ages and degree day values. Solid lines separ-"

ate simulated tundra, forest-tundra, and open boreal
forest, left to right.
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intervals. Burn intervals less than 100 Years were generally
éncountered along‘the‘study transect, therefore the 40 knm
treéline ‘and forest displacement would be con$ervative.
Simulated burn intervals léss than 100 years caused further
retreat of treeline and particularly forest line. Short
return~ ihtetvals were observed in the field to 1limit
reproduction. For example, a 19 year burn in Région ITY
(near Sites IITi and XIITh) and 20-49 year return intervals
in Region II (near site ITe) both re¢sulted in elimination of

P. mariapa. Simulated and field production appeared to be

limited by seed production in these age classes.

Simulated burn .intervals between 100 and 225 years
resulted in no réduction in reproduction (Fig. 53),
~infer;ing ample seed for stang regeneration. Simulated stand
ages and burn intervals gregter than 225 years éhoved a
marked decrease imn reproductive potentiaz\associated vith
senescence of the stand. Field'ob$ervations _supported ‘this
reduction with the observed mortality of old ihdividnals and
increased layering in ‘'stands 250+ years old. Increased
layering yould increase density but not immediately ladd to

the  seed reproduction. potential lost with the canopy

dominants.

The ultimate cohtrol, . however. in simulated
reproduction .appeared to be tempera’nre control of seed

germination. Tests of the simulated environmental

reproduction 1limit showed direct correspondence of the X
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Figure 53. Simulated reproduction of Picea mariana
showing plateau at 100 to 225 yedrs ( 0=1200 degree day
simulation; 4 =1300 degree day simulation; a =1400 degree
day simulation).
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%Pgercepts and sample means between the germination vs. June
temperature function and 80% confidence 1ini£ equ&tions of
the reqression wcoeff{cient and the simulatedd results
(compare Figureé:éa and 34). Confidence limits of 80% were
used due to the inverted nature of ;5 and 90% confidence
limits of the slope. Shifting the germination temperature
relationship to the‘ 80% confidence limits mbved simulated’
tundra and forest-tundra ecotone ca 60 km (Fig. 55 and 56)
suggesting the importance of this limitaion to g;.ég;;ggg
reproduction. Teﬁperature relationshipsv also affected
simulated reproduction at the forest-tundra and open boreal
forest ecotone and moved this boundry ca 10-20 kn, Simulated
temperature reduced germination should have moved this
bound;ry"gg 80 km suggesting othef cbntrol%ing factors. The
simulated open boreal forest and 'fores{-tundra ecotone
occurred néér the' point. at v%ich reprodﬁétion becane
exponentialb(Fig. 57). éhe exponential function .of eohe ‘
number to tree si?e (Equation 8) and increa;ing grovth rates
may account for this observation'and explain the éhange.in
controlling factors. . _ ' | :
C) Discussion j : , ‘ o (
. T
Enpirically dérived forest‘nodels generally are of two
types, forest production models (Opie 1968) ~and forest

population and -succession models (Leak "1970, Botkin

et al. 1972, Shugart et al. 1972). Forest population

\
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.modelling had its beginning with models based on
survivorship probabilities of mixed species stands
(Leak 1970). Leak's model assumed any of the modelled
species were able to enter the stand, then subsequently
remain in the stand independent _of environmental and
competitive factors. Botkin et al. (1972) eiaborated on this

»model by introducing environmental andlcompetitivevcontrol
of growth anad reprodﬁction but assumed all species capab;e
of dispersing an equal number of disséninules to the site.

wnodels did not attempt. to model  seed

These K
SN B /
productigl jironmental effects on reproductive ‘success.

5 . Y

®” model is an attempt to introduce species

Mo

A

reproduct nfo the~2@délling effort and also the use of

an approach'¢§;£efed upon a‘single»event in the system. This
discrete cvent épproach has been successful in demonstrating-
the importance of germ;nat¢on limitation; and §econdarily
"seed germination potential to sfand sucéess. This suggests
the necessity .of inéorpbrating reproduction modelling into

- .

forest simulations.

Limitations imposed by environmental réductionsviﬁ seed
germknation provided the coﬁtrol] of regroduction for the‘
relatively constant Wenvironment" of the model. When placed
in perspective with field environmental variabii;ty, this
germination 1limit would provide the mechanism for rapid bu;

locél (vithin a burn) removal of g;'nariana south of

predicted boundaries by adverse but short term weather
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conditions. Long term climatic change would, however, first
reduce the reproductive potential through reduced tree
growth, reduced cone and seed production and could probably
act ' to reduce germination potential in the first 6-8 years.
This‘could conceivably result from a 29C change in June mean

temperature (if the correlation is valid, Fig. 50), the

result of only‘ﬁn«éo-100 km shift in weather patterms.

Fire. intef#al affected the simulation only under
extreme circumstances, for example extrémely | ong. (225¢
years) or short (<80 year) intervals., Both of.fhe effects
were apparengly the result of reduced seed produciidn by
foung and old senescent stands. Suggestéd by this was the
importance Jof fburning in stand maintenance . and the
importance of timing of the burn for effective reproduction.
Long tern - dttempts at fire exclusion could therefdre

ultimately have similar results as repeated burns of short

interval.

In conclusion, the model provided a consistent
mathematical examination of the field information and aided
in the identification of potentia% incon#istepcies.AThe

_ ,
result was a presentatioB of information concerning treeline
and possible results of potential changes both man made and
natural. Improvéments to éﬁe ‘model could‘be made with a
better undetstanding of: )] burn - intervals and
diétributions; 2) data cgncgrning seed production vs. seed

release after fire; 3) the fate of released seed; and 4)

o



microsite distribution related to
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region and burn intensity.
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IX. GENERAL DISCUSSION

The «climatic gradient and fire interval neat treeline

interact in controlling the;success of Picea mariana in the

lover Méckenzie Valley. Changiq& along ihis gradient. are

daily mean summer temperatures, length of‘théagroving season

and annual ° precipitation;f Climatic Eontrol.- of the -

reproductive stages is primarf .in’ ﬁhe -life cycle. Low

y : - ”
temperature and a short growing season set the limits of

-

seed germination . potenéial '_and seed. germination. In
contrast, mature trees are capable of vegetative growth and

reproduction in “environments not conducive to sexual

reproduction. .
, .

-

<

Linits to vegetative growth of P. mariana may result

from ﬁeCﬂénical daﬁage by yind abrasion or water stress,: the
resul%&;.of anatomically - immature ‘1ﬁeedles '(Baig .and
Tranquillini.1976) . Thése growth limiting factors probably
act onl& -in the for%st-tdndra regigd’qnd éertainlj”are not

evident south'oﬁ}forest—line. Long term grbvfh reduction

-4

maj,A however, directly limit cone and seed production as -

;shqgé'ih reduced: seed size and germination potential in  the
ﬁfofé#t-tundéa. Seed germination potential‘is;reduced.south
of the forést line conpafed  to Sthherﬁ populations;
suggesfinqﬂunfavorible carbon'balance or Hiﬁited developnént
due to - the Shorﬁ growing season. Germinat}og’poténtial'is

H L

relatively constant from forest line souﬁhS(Regions II, IIIT
_ P )

"..and 1IV), suggesting little plant respomnse to an almost 3°C



150

'

differin§ daily mean temper: re. Reduétion of  tenperature
similar telthe‘forest-tundra reéion could however eliminate
production of potential germinating seed. Such limitation
over 5 ‘to, 10 years would exhaust ;he retained seed
reservoir. Temperature reduced seed gérgination. through the:
1$6c lover cardinal f:pit, is probably the ultimate control
of P, mariapa at tfeeline and successful stand reproduction
south of forest line. The relatively short , period of time

(1-6 years) possible  for establishledil after a fire

accentuates the prec;tious nature of. treeline. This- short

period for gfféctive establishment is due to seed longevity

in éones-andw;pparent destruction of wungerminated seed ip

» the -soil. Together the lowver cardinal temperature fo- seed
i

geraination and limited establishment time make possible the

rébid retreat of treeline ;epo:u 1 by Nichols!(1975), Short

tern, 1 ¢to :10 year, chaages 'n clilate‘conld therefore _“:

result in large areal chanc=»s in vegetatien gfar forest line

-t

in view of the size of recent wildfires in the study area. -

Major - changes _in tree cover over large areas may t@gfeﬁoré'

not reflect -p;g*fhan minor ~and only short ternm chéngés' in

- <

climate nearighé forest.lineé'The 50 year‘recove;j“tilg for
fofests a£ter fire feported by Bicholé (1975!~fs£onld be
re%ngerﬁreted in contexf with tge limited estabiishnené time.
available for gz.lagiaga af;et}fire- tgé{appatént 50 year
ffééayery periﬁd probablyrié the resultrdiiéhe required . time
)L;égfofé detéctable ;lounts of gg%;en are, produced and
vau;gécofﬁéd in- the pclienﬁrecord. :ifiﬁzllj Picea 1is present

v }ii



ethroughout this time period.

Clil%tié reconstruction should be possible based on“the
climatic requirements " for reproduction ,of P. marjana.
Fstimated naminimum average { 'mperatures . for nrreliable"”
reproduction of P, mariana in the District of Mackenzie are
11, 14 and 11°C for June, 3uly: and August,, Trespectively.
These are tenperatnres estimated from ca 40 kam south‘of

<J
modern forest llne. Te-peratures of 9.5, :3 and 10°C are
linllﬂl' e§t1nnres' belou which‘no successful establishaent
uould Qbe fonected. ‘Degree day$ of 1200 and 1330 are
4estind%ed ‘linigs - for noﬂ establishment and reliable
ﬁestahiishlent, respectively. These values provide a besis

»fon ‘ clilatic reconstruction if caution concerning

\& env1ronnenta1 variabillty 1s incorporated.

N Ritchie and Hare's (1971) 50C and Nickol's (1976) 4£1°C
'estinared increases in lenn daily suller (June, July and
_. . . o ' Y
Augaust) tenperatures - for ecotonal movements on  the

Tuktoyaktuk peninsula are ca 19C higher than the estinated
~te-peratnre¢ .or relxable reproduction. Thls assumes these
estimates vwere based on Tﬁktoyaktnk and Ennadai Lake, .June,.
July and Augnst lean telperatures~(a.u, 10 6 and 8.9; 6.7,
12.8 and 11. 7°C; reépectlvely). Purther. in support of these
'.“lncreases above reqnired telperatnres, ias‘ Ritchie and
Hare's gobservatxon of greater radial increments on a fOSSll‘
-7stulp froms: the 1ate-Hypsither-al (a 9“011“0 radlocarbon

Y
years B.P.), than increlents fron near. nodern forest line.
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WVegetational changes across treeline reflected
increasing tundra influences south to north. The
vegetational change, with increased number of tundra

species, adjacent to forest line may result fronm
oscillations of treeline and be historical'in“origin rather
than in equilibr 'r wit. modern climate. Most of the stands

adjacent to forest .ine are pre—1850 in origin éri&gFobably'
reflect earlier ing durlng the 18th and 1%;&c‘éntur1es
referred to by  Nichols (1976). In general, 7 understory
speciég?are gradually reduced in cover and size across -

treeline south to north with only the forest cover providinmé;h

a visible change. . ] ’ . \

Neaf ¢the forest 1line the hpnlock and hollow sequence
directly influenced establishment by restr1ct1ng gerlination
to ca 6@% of the tefrain surface, the side ‘and trough
microsites. Hunggzi. mdéveloplent incréasespmlboth ﬁn F
development and occurtgnce, sou£h to north (Zolfai and
Tarnocai 1974) and wmay further restrict establishment in
northern .areas. Hummock topogﬁrghy~nay diffefentially';fféct

seedling grovth rates and success. No-evidgnce was found of

-aspect related tree distribution in lheihulnock sequence
though, this may be explalned by t£2¥ ~continuous, insolation -
during the gerlinating period. Differential growth ;ates are
probablé~in the_hul-ockyAterrain anﬁ‘nay become important in

determining tree growth and ultimately mortality of

S J . . '
suppressed trees. Interference and death of such trees even
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in openmboreal forest would be expeeted in smaller ueekened
individuals-as with other plants = (White .and Harper 1970).
These ”possible microenvironmentally iﬂdnced differential
growth rates would also explain errors assdciated with stand

ageing techniques. L '
. i C::

Germling to 1 year-old seedling survivorshlp vas not
affected 73y " microsite but "indications were that future
seedling mortality may change. Little or no increase in
seedling growth was ebserved in some plots especially trough
nierOSites and regrowth of Polytrichum spp. had ov;rfopped
many seedlings by the end of‘the second year. No gfézing
danage. of P, mariana seedlings vas observed, this novever
does not preclude future reduction of seedling;.nn-bérs by

v

this mechanism.

Hanagenenf of ppen bOreal forest shouid rerieb{;@ne;
plasticity of “this dominant tree speciee. As suggested byy
the model presented earlier, fire intergal is unimportant to
reproductlon as long as it is ca 80 to gégbyears due to seed
retentlon in. comnes and constant";ee densities. What this
statement did not say is that burning must ocqur - for stand
.regeneration by seed. The semi-serotinous cones of
Pe na;iana (Vlncent 19%5)" and small Seed' size require
burning to~open the cones and to remove accunulated duff and
" interfering vegetation for effectxve\ establishment. Fire .

: o
suppression prevents this necessary environmental change and

may reduce<reprodnctive potential of a standf‘in extreme

‘o
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situations‘ (225+ years). Cyclic burning and regeneration
were found to be important (Keréhav 197?)I for the
maintainence of lichen woodland and éaribou\vintef range inn
the District of Keewatin.. This successional sequence

described by Kershaw to closed spruce "Hylocomium-Pleurosium

forest" within 200 years would probably not apply to the
lower Mackenzie Va;ley, Where observed changes in undetstory
séquences culningte in pure lichen carpets in the tiné_
period. These puré lichen carpets are associated with.

senescence of P. mariana but may actually increase the

gquality of caribou vintér"Fange.

Inportaﬁt also tqlthe nanagenépt of open boreal forest
is the revegetation of délaged surfaces (i.e. seismic lines,
‘borrow pits and comnstruction and gas- well- sites).
Revegetation. by direct seeding of P, mariapa would be.quite
risky due Fo'unpredictable seasonal variation in climate at
%ﬁe northein limit of the species. Improved success night_be
6btained by lidht burning of the surface 6r scarifyihgiand
sowing seed onto snowv or iinediate;y after springﬁénou’nelt.
No‘gerlination of seed éhould be eipected‘ the second year

after seeding due to apparent destruction of seed in the

soil.

In general direct seeding of cut lines or seismic lines

&

."uould.yield_nininal results. These areas would be best left

-

ied

> for natural seeding providing there is a nearby seed source.

- v

[
I

o vv;ncegt (4565) reported seed dispersal dropped to zero only
r e T . v

-,
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ca 100’m from a stand edge. Th;s provides an estimate of the
maximum area for natural seeding oq P, mariapa but does not
consider dispersal. ohto gnov surfaces. Planting seedlings
vould increase success rates. Traﬁspl@nted experimental
seedlings into any microsite were found to ?éa.1°0$
successful; This would however be a labaqr intéosive

operation on an intact peat mat.

Ih spite of these restrictions, why does P, mariana
remain most successful at forest line in the Lower. Mackenzie
‘Valley? The ansﬁer probably lies in the adaptation to burn
oycles Pnd tolerance of cold uet'soils. P, mariapna maintains
a relatively constanté seed population which is 1little
af fected by the burn/intervﬁl,'is not destroyed by fire and
,faccunulates- on the tree over a period of yoars; Lgé;;
laricina and g;ggg g;gggg on éﬂe contrary, release seed
annuaily, maintaining no such seed population and therefore

must seed fronm survivors over longer distances. The

continuous -‘nature of th i;forests on the flat till plains
results in large burned a;%as and few surv1Vors, vhich
limits and localizes the potent1a1 seed dispersal of P,
glagca and Li laricina. g;ggg lar;ana in contrast floods the
burnéd site with seed stored in cones of prejlous years
- immediately after fire, capitalizing on the reduction in

interfering vegetation and improved soil thermal regime.

(Rouse énd Kershaw 1971).

In the absense of burning, a rare occurrence south of
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’J’ u
forest line, layering of gL'ga;iagg serves to maintain the
species on a site with little evidence of replacement. Mixed

tree stands of Picea gqlauca, Lar;f laricina and p. mariana

mature to purely P, pariana dominated stan@s. Site
alteration by peat accumulation and pernafrosfﬁ§gg£adation
restricts root systems to surface horizons. This results 'in;
severe growth restriction and stand thinning. Sfaﬁd thinning
is generally at the expense of g;ggg glauca and Larix

laricina. Larix, though faster growing than P, marjana

appears to be shorter 1lived (150-180 years, maximum),
especially in nixed‘ Séands. Therefore tﬁe reproductive
alternatives open to P, mariana make it persistent in b&rnv
cycles of almost any inteﬁval and results in its doninancé

as a treeline species in boreal North America.

MRS
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APPENDIX I

,i APL program of the model. The flrst function is the
maln ‘éommand program and all other functions are subroutines
of it.

vMODELLOTv | : n
v ReMODEL TIME$DEN; TOTAL$AGE; SIZE; TREES; SEED ‘
DFNEDENSITY
JUNE+~4,98+DEGREEX0,01204
TOTAL €0
'L1:AGE¢SD RANDN INTERVAL
DEN¢AGE COMPETIJION DEN .
'+ SIZEAGE VOLUME DEN .
. TREES¢DEN STAND SIZE
& SEED¢CONE TREES
DEN¢SEED GERM JUNE
+(DEN>0.5)/L2 = .
DEN€&O
L2: TOTAL€TOTAL+AGE - :
'AGE OF BURN WAS ' ,(¥FAGE), ' YEARS  DENSITY IS NO
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eo 4&& . ﬁﬁﬁ R A
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vCOMPETITIONLCOlw

v ReX COMPETITION Y :
ReIFr346.0392+(74, 7897SXX)+(0 0“351°xxk”)+( -Q. 00003q6”°7x
Xx3)

+(Y=R)/L1
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EES PER 100 M2'
20
L1!ReY

20

v
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vGERMLOlv
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