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ABSTRACT

A dearth of information relating to pdatural réstocking of

:

white spruce (Pigea glauca (Moench) Voss.) on alluvial tloodplains
of. the Llard River drainage in the <outhecast Yukon following harvest -

ing, prompted the eétablishment- of a study util§z{ng large-scale aerial

photography tQ. 835¢e5S lOA cutovers rapidly for regeneratfon status.

r-

[.Linear rola(lq&shlps between: i) phd(o-siocklng and ground- 7

- .

‘stockrng,'ll) ground stocking and cutover age, 1ii) d%? of rpgegencration
aﬁd'age-of éu(over, iv) height and age g¢f .ingress were d(termlned

Large;scale aerial photography proved to be rapid and efficient althaough

shadowing resulting from inferior light conditions and restdual vegeta-

tionvlimited detection_?ffectivengss. Natural regeneration over 25

-

years following haxvestlng produced densities approaching 2500 stems
R £
‘' .per hectare but a maximum estimated stocklng of only 60 percent based

¥ on l,Om2 quadfats,indiéa;ing.inadgdpatg site occupancy.

d
“

ThHe repu1ts indicate that stocking leyels obtained on floodplain

. cutovers in the southeast Yukon are not related'strdqgly'tp'cutovér.
. . i P ' . ’ ' i * . - .
£ ; : : : .
age but may be limited by a lack of well-distributed, receptive seedbeds

©

.

“immediately ollowing harvest.. ..

B .
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1. INTRODUCTION

N

Forest lands < apable of sustaining commerctral timber
~
production in the south-east Yukon die laryely «ont tned to alluvial

flaodplains of the l.1ard and Hvland rivers and thelr trihbutaries.

These forests have been subjected To commer 1al harvesting
¥
operations for the past 30 to 39 vears. Nvland (1977) documented
that over this time period no effort was expended on artrtiroral

regenvratlon or on determining to what extent natural processes have

rcstockedﬁthese arcas to white spruce (Picea glauca Moench) Voss),
the pr ).se commercial species.

.Application of large-scale aertal photography (LSP) can
be useful in determining -onifer stocking of cutover-lands (Haapala
and Neumann 1972; Ball and Kolabinski' 1979; Kirby 1980; Hall 1984a).
Colour imagery'of scale 1:500 can be used to detect coﬁifer seedlings
60 cm in height and larger permitting the determination of stocking

= .

to minimum standards. Photographic systems are air-based, thus

minimizing acce;s problems, and Morgan (1982).demonstrated substantiai
‘cost-savin%s (approrinately 897 on a bef-plot basis) of LSP systems
over conventiénal ground, survey procedures when the techni&ue was
applied to timb;f\‘nééntory surveys in the Yugg;. sThe'expedienCy

of these systems coupled with the avaﬁiability of a tested system

at the Canadian Fo?estry Service, Northern Forest Research Centre
(Edmonton, Alkerta) (Kirby 1980) suggested that utjlization of LSP
would be an appropriate procedure for determining regeneration status
}

of cutover lands in the Yukoﬁ. o

)



voodn ddaltiun to generating ddta on current tosal stocking,

the existence of a series of cutovers covering a known age range

permitted an examination ot stocking levels over time. This afforded
n

/o

the opportunity to determine 1t stocking levels could be expected to
increase in direct relation to age of cutovers. The nature ot the

relationship ot stocking levels to time has 1mportant implications
. N ’ «
with respect to management strategles 1n that it may show that site

-

treatments are required to secure regeneration or that simply a -

passage of time will result i1n full restocking.



2. OBJECTIVES

-

The first objective of this study was to estimate white
spruce regeneration stocking on alluvial floodplains of the Liard
River and its tributaries using large-scale aerial photographs. To

achieve fhis, ah estimate of the correlation between phato-visible
AN .

stocking and actual ground-stocking was derived. The estimation
{

of this r&lationship was accomp¥ished by testing the following null

hypothesis: .’

-

White spruce regeneration stocking estimated by large scale

¢

aerial photographic techniques is not related to actual

-

ground-stocking’”

r
. The second objective of the stugy was to determine the

correlation of estimatéﬁyground-gfbcking with cutover age. The

null hypothesis tested was:
Percent stocking of white spruce regeneration on cutover

a

T

lands in the Liard River -draihage is not correlated with

> ©
K

cutover age.

The applicablé'Gthrdative‘hypotheses are that definable
. N - ’

relationships .do erist between elements - that the tegression analysis
T . : .

L d i
* L3

to be used in evaluation of these relationships will produce equations

with slogéﬁ éreater than zero. Simpiy detérmining that relationships
éxist is ;nadeﬁuate for éract{cal purpdsesi NA subjective evaluation
of th; rgigtive‘strength of th%lrelationshiés is nétessary to support
’“copti;giong.n o : - s o s

Six anciilary objecéives were -also ideﬁtified. ‘These

-

"-‘) ° ¢

: gluded: ‘i) evaluation of the cost*éffecéiVenese'qﬁ the -double

Y . , )



S.impllny, procedure used to dertve the ph()tu~.~;t<)(‘k1ng/g1(>und*5(()(‘klny_

correlation, 14) determination ot photo detection percentages, by
Rl

herpht lass, of scedlings recorded on ground-truthing plots;

111) determination and presentation ot current pround-stocking, data

by ape class ot cutovery 1v) deritvation of the estimated number of

whlte spruce stems on a pet hectare basis; v) estimation of the

cotrcelation ot seddling ape and cutover ape; and  vi) estimation ot

the total height-total age relationship of the general repeneratton

seedling population.



3. STUDY AREA LOCATION AND DESCRIPTION

3.1 lLocation, Climate and Sotils

Cutovers assessed tor stocking were contined to tloodplains

of the Liard River and it's major tributarices, the Meister and

™

_Rancheria Rivers and Albert Creek. The area 1s 1n the south-east
Yukon adjacent to the British C;lumbld and Northwest Territortes
borders and bounded approxiamtely by 60920°'N x 129935'W (Fig. 1).

The areca lies within the B.24 scction of the boreal forest (Rowe
1977) and the Liard River ccoregion as classified by Oswald and
Senyk (1977).

The south-eastern Yukon lies within the subartic climatic
zone and is characterized by long, cold winters and short warm summers
(Hirvonen 1968). The mean annual temperature is below freezing (-3°9C)

\

while the mean May-September temperature i3 11.0°C (Rowe 1972). Rowe
(1972) reports a growing season length of appréximately 140 days while
Hirvonen (1968) suggests the frost-free period may not exceed 60 days.

With an annual precipitation of 450 mm, the climate is class-
ified as moist, subhumid indicating a small surplus for the year
iRowe 1972). July, August and September are often the wetté;t months
and Oswald and Senyk (1977) reported that aﬁout 34% of the annual ;
precipitation falls from June to August.

¢

Merchantable white spruce stands, within the study area,
are most commonly located on alluvial déposits such as point bars
and low terraces adjacent to the rivers. Soils are génerally cumulic

regosols- (Jeffery 1964) with orthic,dystric brunisols and orthic

regosols as minor associates. Cumulic regosols are well to imperfectly



Fig | Location of study area (from Hirvonen 1968)* Cutovers surveyed

were focated 1n gll detineagted squares with the exception pof
Nos 9 and 6 ’
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drained mxn(’rdlusoxls consisting ot well 5(1:1(111('(1 sdands, <1lts and
pravels (Lavkulich 1973) underlatn by calcareous parent materlals
(bay 1972). Textures range trom <11t loam in (l‘n- upper C horpzons
to sandy loam or sand i underlvingy lavers, Sorl analvpis conduc ted
at the Pacific Forest Research Centre andicated upper horizons (0-30
‘ o
¢m depth) ranged from very acidice (pH 3.7) to mildly acidic (pH 6.6) "
Elevat »ons of tloodplains 1n the reglon vary trom 1BO to 200 m above
sea level (Oswald and’Scnyk 19/77).
J.2 Forest Species Composition and Succession
Ecological investigations ot alluvial tloodplains 1n nur?huxn
Canada have been conducted in considerable detail by Raup (1934),

Lacate et al. (1958), Jeffery (1964), Hagg (1964) and Rostad, et al

(1976). -

.

Floodplain sites of the type examined in this study are

typically occupied by stands of pure white spruce or spruce in mixture

<.

with balsam poplar (Populus balsamifera L.). Jeffery (1964) observed )

a five-layered canopy in these stands on alluviS%)sties on the lower
Liara River, which was substantiated by Wagg (1964) in northern Alberta
and Rostad (1976) .in tge Northwest Territories. Essentially, a treed
overstory is underlain by tall shrub (underwood), shruB; herb and
bryophyte layers in descending order.-

In the tree layer, balsam poplar is-dominant or codominant
with white spruce up to a stand agi of about 100 years with white

spruce assuming dominance thereafter (Zasada 1982). Black épruce

(Picea mariana (Mill.) B.S.P.) and tamarack (Larix laricina (Du Roi)

Koch) are not common associates in this area but may he present on

o

older floodplainﬁkites. White birch (Betula papyriféra Marsh.) is




*present on some si1tesn and usually restricted to the underwood laver .
[n the underwood o1 tall shrub laver, thin-leat alder (Alnus

tncanca “10) Moench ) dominates while white spruce |, balsam poplar

.
Y

and p@(-x birch contribute 10 minor ways teg stocking. Of these treo
v - ~
specles, white spruce 18 more trequent, partjcularly in older stands.
Dominant species 1n the shrub laver 1nclude red-oster dog-

wood (Cornus stolonttera Michx. ), high-bush ¢ruanberry (Viburnum edule

»

(Michx.) Rat.), rose (Ro:fé fagi(;u_lg_r'l:s Lindl.), buffalo bérrv, (Shsp!_r_

N

crdia canadensits (L) Nutt.) and gooseberryv (Ribes oxyacanthoides

L.).

o Herbaceous forbs common to this forest type include horsetail

(E'quxs_ctuzn Riéggggg Ehrh.), dwarf raspberry (Rubus pubescens Raf.),

miterwort (Mitella nuda L.), bedstraw (Galium boreale L.}, and Pyrola

spp., bunchberry (Cornus canadensis L.), twin flower (Linnaea borealis

L.) and bearberry (Arctostaphylos uva-ursi (L.) Spreng.) constitute

minor associates.

»

White spruce forests o!flod‘dplains have a dense bryophytic

layer represented chiefly by Hylocomium splendens (Hedw.) B.S.G.,

<

Pleurozium schreberi (Brid.) Mitt., Peltigera aphthosa (L.) Willd,

and Ptilium crista-castrensis Hegw. (Jeffery 1964).

The basic primary successional pattern on alluvial soils

from Alnus to Salix to Populus to Picea was described by Raup (1946)

and has been supported essentially by Lacate et al. (1958)., Jeffery

(1961), Wagg (1964), Viereck (1970), Nanson and Beach (1978) and Van
Cleve et al. (1980). Table 1 summagizes -primary succession on allu-

vial soils and represents a composite of information from Jeffery

(1961) and Van Cleve et al. (1980). ) -

.
k"



Table 1 Summaty of primary

notthern Boreal

Years foom
nittial

Deposition ot

Stage Mineral Soil
i 0-1

1 s 1-2

Il

v 2-5

v 5-10

VI 20-40

VII 80-1Q0
vVIIL . 200-300
\

Requirements

Substantial seed production, in natural stands in the north,

VRSO AN

Over -

Dominant

Populus

Populus

Picea

pon oon o allavial

torest (Jettery 19610 Van

Torwy

Subdominant

sorls of the

Cleve et al

Dominant

shrub

Bare

Minertal

salt crust

Salix

Salix-Alous

»r

Mepiney dl

198O

Under - tor

b Moo

sut bace

Alnus-Equisetum

Alnus-Equisetun

Alnus-tEqutisetum

Hylocomium

Alnus-Equisetum -
Hylocomium -

—

Pleurozium

3.3 White Spruce Seed Production, Dispersal .and Seedbed

suttace

likely does not begin until about age 40 in white spruce (Zasada 1971).

.

Heavy seed crops are periodic, the normal interval being 1l to 6 years

(Anon. 1965) and ranging upwards to péssibly 10-14 years (Zasada and

Viereck (1970). Crops during intervening years may be light to non-

existent. Seed production in a good year is approximately 8,000 cones

per tree, yielding 184.060 to 550,000 viable seeds (Anon. 1965;

Nienstaedt and Zasada 1981).

Although some seed may be dispersed year-round, seed fall

.
-5y



prenerally bepins 1n Aupust of carlv September with the majority ot
\
weed talling duriny September through November (Ganns 1977) . Zasada
»

p

(19/1) observed the onscet "ot seed dispersal as carly as August 19
duting 4 warm, div vear and as late as September 5 during a cool,
molst vear.  Wind 15 the primary apent of seed dispersal and dispersal

Y o
dlstances pencrally approximate (wo tree heights (40-60m) (Ganus 1977,

A

.

Nienstacdt and Zasada 1981) : - ;

@

Seed f-;ill ¢an tange between 290 44() seeds pet squére ml':t'l
of forest tlood per year 1n good weed years. In average (()»1(’55 than
average vears, seed fall mav be 10 - 18 s‘cvds/m ‘/ (Nienstaedt and
Zasada 1981, Waldron 1965).

Determination of seedbed (haracteristics suitable for tthe?
establishment of spruce following disturbance was the sub ject of
numerous investigations in northern Boreal and Subalpine forests (Day
1963, Eis 1965, Ganns }977; Hughes 1967; Place 1555; Waég 1964
;fsiada and Grigal 1978). |

| There is general agreement that natural regeneration of
gprucE’COnsists of three distinct phases: germination of the seed,
;nitial survival of the germinant, and a juvenile stagerf indetir--
minate length during wihtich the seedling establishes itself and begins
to thrive on the site (Arnott 1973; Baker 1950). Seedbed character-
istics are critical to seedling sucéess, particularly in stages
one .and three. Success in stage three combines site and seedling

capability with environmental conditions, particularly weather.
At the germiﬁétive stage, moisture is the single most
important factor controlling success (Arnott 1973; Baker 1950; Day

1963; Eis 1965). Observations by Wagg (40%&) and Zasada (1971)
. 27

indicate that, for northern sprﬁce‘forests; mineral soil, by virtue

\

£



of 1ts superior morsfure retention  (Dav 1963), provides the best

scedbed fot perminat ron in open areas -
Other ommon seecdbeds 1n boreal torests 1nclude litter -dott-

1
humus complex, mosses and r1otten wood, titter and dutt and humus are

generally poor seedbeds 1n open areas Lbecause ot pooe molsture
r(-[l-ntlun and a tendency to drv gud overheat quickly especiallyv when K
exposed to Jdirect sunbight (Arnott 19/73). Mosses are considered
good seedbeds for germination due to high moisture content but certain,
fast growing mosses, particularly sphagna, can engulf seedlings.
*
However, mosses also dry out very quickly when exposed to direct sun-
v
light. ‘Rotten wood is a common see%bed in spruce farests on alluvial
h)
[ 3
sites in northern Alberta. Wagg (1964) tound that it was the only
alternative to mineral soil under undisturbed forest conditions. It
has excellent water retention and thermal conductivity and permits
good root growth (Day 1963). Place (1955) cautions that upon %ecomposi-
tion and disintegration, rotten wood tends to assume similar character-

istics to ordinary humus and dries quickly when exposed to direct

sunlight. Burned- surfaces following wildfires have detrimental effects

on gemina;ion and tend to heat up too much during dry weathen;(Place
1955). ' R
40b_ser;vz;tions from this study ‘and Wagg (1964) indicate that
organic seedbeds ranging from undisturbed moss t.o litter—duff-humus
layers aré the most common seedbeds following logging on northern
alluvial gites. Most harvesting is«conducted during the winter on
gnow with the result that there >is verynlittle disturbance of the
organie layer. Wagg 1964) reportea less than 10 percent mineral

soil exposure following logging on floodplains in northern Alberta

- all of it confined to skid trails and roéds. General field

11
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4 METHOD
Application ot the acrial photoyraphic svatem developed

by the Northern Forest Research Centre for l(“,’t‘i\('rdfl()!l{\ut\.’vvl?\';{ WS

1

Conducted utilizing procedures described by Kby € 1980) and Hall
&198&d). The camera system was mounted on o« Bell 2068 helicopter.
Photos were taken 1n early May 1980 when herbaceous vegetation had
not begun to grow, deciduous vegetation had not tlushed and ~now bad
melted recently. Actual tdving time was .9 hours Mav 40 1980
(1400-1630) and 3.0 hours May 5, 1980 (1030-1330) for a tatal of

1 .
5 9 hours. Ai1f®raft altstude was maintained as cleosely as possible
to 18%m (600 ft.) a.s.l. which produced colour photography at a scale
of 1:500. This scale was chosen as it represent;d a workable compro-
mise between desired pﬁoto resolution and amount of film budgeted tor

.

the project. Photographed cutovers were located over a total area
of approximately 1300 km?Z.

The camera system has been used for regeneration surveys
since 1973 (Kirby 1980). The system consisted of two 70 mm Vinten
reconnaissance cameras, aéd a radar altimeter fiéted to a modified
A-11-A mount boited to the U-bracket of the helicopter.-

One 70 mm camera had a built-in secondary opt;cal system

which permitted the altimeter reading and time of exposure to be

recorded on e€ach frame of the film. This camera was fitted with a

N\
281.9 mm lens, supplied with Kodak Aerocolour (2445) negative film

and produced the 1:500 colour imagery in stereo triplets. The other

’ . ¢
camera (type 518) was fitted with a 77.45 mm lens, supplied with Kodak
Aerochrome infrared film (2443) and produced continuous 1:2000 scale

2

colour infrared imagery used for tracking. An intervalometer (van

~ ‘ 13



Fov gt Bibaniaw 19780 conttoolled the ovolinge rates of the cameras
Alrceratt altrtrede wa rtecorded on eadh w:x e e by oy Honevwe 1]
tadas altimeten

Pirior tao obtaininy the photopraphy, ol marovers were mapped
ontao 1.50,000 (‘, I.M. maps, with the ard ot 1:195 860 Lerral }7?1(1!.()g1<i;)hv
and rt'«nx\d'w supplicd by the Yukon Lands and Forests Service Follow-
tny mappiny, tlapght lines were located and drawn on the U T0M r‘.mp*;r
which were used as navigational ards during tlving. The exposed tilms
were processed and printed at the National Air Photo Library 1n Ottawa,
Ontar1o and returned to the Paci1tic Forest Rescarch Centre tor
annotatton and documentation.

Annotafion and documentattion i1nvolved dsi}gning a4 number
to each frame of colour and infrared photﬁgraphy. Each photo-plot
identifiéd on the colour film was also identified on the infrared
tracking film and cross-referenced by the numbers on each film type,

The smaller scale tracking photography, which was continuous over

a given cutover, generally contained reference points (eg. river bank,

skid trail, lands, etc.) which facilitated location of the field plots.

A refationship between conifer-stocking on the photographs
and actual ground-stocking was established to allow estimates of
stocking directly from the photographs. The procedure used was

double sampling with regression (Shiue and John 1962; Cochran 1977)

which involved obtaining a large primary sample (all photo-plots) from

which a smaller regeneration stocking was measured on the photogréphs

~n B

and the ground. Photo-stocking estimates were then regressed on

ground-stocking estimates and the derived equation used to calibrate

photo-acquired stocking estimates.

14
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oo matntatn the tnbherent elflcrency ot St e amp Loy
ra
cluster sam ylingy destipgn was emploved A luater sample 1o a torm ot
i ¥, £ I
*,lm(»lv random wample wherteby cach sampling anit s g« laster ot elements
A
(Freese 19/74). In this studv, sampling units were the plots fphoto

i

and grnund) and elements were the ']\Addrd[‘» used tor stocking esltlma

- ’
tton (photo and ground). The quadrats measured 10m? on the pround
and 39.9 am? on the photos Quadrat: were arranyged 104 9o v owrad
to form the lustered sampling units. The size ot a ¢luster (e

number of elements) was largely dictated by the photographic scale

(Hall 1984b). At a scale of 1:500 a <luster, a designed, titted

well onto the contact prints. .
A quadrat was considered stocked (both on the photo and

the ground) if one conifer was recorded within the quadrat boundaries.
To obtain ground-stocking data for the photo/ground stocking

regression, a number of photo-plots were selected from the total

photo sample and paired Qith ground plots established in the field.

q!he number of photo-plots in the secondary sample was determined by '
using optimum allocation with respect 1o cost (Cochrgn 1977). The
method requires cost figures for photo and ground plots and an estimate
of the correlation coefficient (r) between photo- and groqu—stocking
(Hall 1984a). Based on previous work with this system. (Kirby 1980),
an r value of 0.90 was assumed (for identical plot and quadrat sizes
and similar tree sizes).

The formuia for allocation with respect to cust (detailed
in Appendix I) indicated tha; 51 ground samples were required. Time

4

and resources permitted 49 ground plots to be sampled.

Once the number of gfound plots had been determined all

cutovers which had been photojsurveyed wvere stratified by 5-year



1h

e ol he ,’_?';'xr)d lem e were drem o et rer s cangtely by

Fortal 104 po [ 1007

Once a photo-plot was selected, o transparent grid was
placed on the photo and arranged such that a baseline could be located
between two clearly visible tie points such as stumps or log ends.

"Basclines were permanently located on each photOfplot.

In the field, 1:15,840 scale aerial photography along with
1:2000 colour infrared tracking photography were used to located the
ground sample plots. The grid, delineating the 5 x 5 cluster of
quadrats, was assembled on the ground with butcher's twine at‘each
location to represent an approgimate duplicate of the transparent 1
grid'on the ghotograph. A separate tally sheet was filled out for
each quadrat and contained the,follbwing information: a map of all
white spruce seédlings present on the quadrat with a height class
recorded for each seedling (there were 5 height classes identified:

1) 0-30 cm; 2) 31-60 cm; 3) 61-90 cm; 4) 91-120 cm; 5) 121-150 cm

a visual rating of the percent cover of vegetation competition plus

-



P g
:‘.
;xq.,_"
a vrsudl estimaté of percent Slash cover and percent minetral soul

b
cRposune.

(3 4

F«)(lu\-/lny, ficld sampling, all photos, 1ng Puding those which

tiad been usv(t‘( o aid in location ot pround-trut h plots, were sux veved
- & o
for photo-stocking. Once completed, those photos which corresponded

to pround-truth plots were sepan ated out ot the primary sample and

- <

’ -
compared with the ground tally sheets to verityv that quadrats secorded

-

.

) B - . .
as stocked on the photos, contalned ot least ond seedlinp-~ The

stack ing data obtained from the paitred photo-and pround-plotyg were
. 54

analysed by linear regression procedures to estimate the relationship

between photo- and ground-stocking. ’

Percent seedling detection (the percentage ot secedlings

detecfed on the photographs to those recorded on the ground) was
9 R

determined by placing ground paired photo-plots undeﬂ stereoscope
&7 |
basis) onto-a replica of

'

and mapping visible seedlings (on a quadrat

the 5 = 5 grid.

These ngw seedling "'maps' were then compared with the original

ground tally sheet seedling maps to ca

lculated percent seedling detec-

tion for each height bldss of seedling.

Photo-estimated stocking data were substituted into the
L
equation derived

.

for photo-ground-stocking correlation in order to

obtain ground-stocking estimates for the entire photo-sampled area.

The gtound-stocking estimate, for each cutover examined, was then

S S

regré’ssed -against cutover age. .
#
:
- Present in each seedling height class on a quadrat basis. Numbers
et P
Sy .

CoﬁbleLe counts were taken of.tﬁe number of seedlings

were summed for each plot, averaged for each cutover age class and
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(hert conv&ited to stems per hectare per ape-class ot cutover. To
suppliment this tntormation, total heaphts and ages were obtained on

159 wecdl inps collected over 16 cutovers covering all wecedling hetght
A

classes and cutover aye ¢ lassen. Two hyjlpl(' linedr 1egressions were
per tormed tooest imate ‘telat tonships tor: 1) seedling age versus cut
over age dand 11) Yeedling herpht versus scedling age. For the trrst

\
Teprenslon, seedling apes woere averaped tor ecact cutover and thesc

values regressed dagatnst individual cutover ag<s. For the sccond
} ¢

regresslion, individual spedling ages were regressed agaimst individual

i

herphts. .

Cutover ages were derived from Yukon Lands and Forest Service

‘ i

. ‘ .
ecords. Where these records were incomplete, 1:15,840 scale colour

and colour infrared photography, taken over the past 20 years, was

o

obtained from the Terrain Ecology Section at the Pacific Forest Research

« .

Centre and used to identify and categorize cutovers into the tive
age classes described in Table 2.

Seedlings éollgcted were measured for total height (root

L 4
collar to base of *terminal bud), de-branched and sectioned. The root

collar sections (upper root section plus 10 cm of stem) were wrapped

-

in plastic and shipped to the Pacific Forest Research Centre.

Utilizing a band saw, a fresh cut surface was exposed approximately
r

one-half cm above the point where major roots merged into the stem.

Cut surfaces wBre sanded smooth with fine grit sandpaper, moistened @

with water and placed under a 10x microscope. Seedling ages were

<

determined by ring-count.



. RESULTS

fn this study, 390 Ph()((}")l()(f» were 1dentitied but ouly

178 werve «()nh‘ldt'x('d uscable (Table 3) Phot on ol nen torested 1and

ot non-harvested torests were e jected outt 1pht o Other photos were

x(-](-(t('d due to obscur1ty ot the torest floor tesulting trom cithen

the physxx.xl presence ot residual vegetation and slash or shadows

cast by them.

Table 3.  Summaty ot !t*)t-([('d/us‘(’al)lc photo plots.

Total number ot 1:500 scale colour phutu-plut:, 190 (1ou)

Re jected: non-forested, non-harvested land H6
Re jected: obsour 1ty 196
217 212 ( H67)

Total rejected

Total useable photo-plots 178 ( 467)

Photo detection of gtound recorded seedlings increased
consistently and predictably with increasing seedling height (Table

4).

19



Fable &4 Percent detection, by herght «lass, ot ground-recorded
white spruce scedlings on 1:500 scale colour acrial

photoptaphs.

Namber ot g1 ound Number ot photo- Poreoent

Heapht lans tecorded seedlings detected seedlhings detectron
¥
(1) 0 30 om 7ol N 0.6
) i1 640 «m 838 /6 9 1
3 61-90 <m 1012 L6/ 46 ]
(4) 91- 120 «m 108 ~ 70 6L
() 121-150 ¢m [SWAS - 932 /8.8
Total 3414 1149

Given the exceedingly low detection rate ot secdlings in
the first height class it was of little utility to inéorp—
orate data trom this height class (0-30 cm) into a regression estimate
ot ground stocking using photqgraphic stocking eSIimatcs. All scedlings
recorded during the ground-truthing survey wﬁich fell into the 0-30 )
cm height class (23% of total) were removed from the sample. Estimation

of actual ground -stocking is, therefore, based only on photo detected

seedlings greater than 30 cm in héight (Table 5).

20



fable O Ry wtession oY pround stockinizooon photo S thoky
ot white spruce secdlings ¢ omd) . hrarnd
River dratnage, Yoron
Independent Varrable . bhoto mtocl ine (X
Dependent Vari1able vronnd stockiny CY)
A
Reviesston bquation Y A T VS
c - 00
1 - (. 518
TR S T
I
Kegression Coctfioiens - 1 16
T-Ratio N I
Critical-T KERVAY
(p 9,010
ANOVA
Source D S5 MS v Cratical-¥
Regression 1 30468 .80 30468.80 97 LA 7.31
Residual 39 12851.90 329.50 . (v-0.01)
Total - 4¢) 4037320.70
\A; /

Regression analysis reéults, particularly the values of
the F-statistic and coefficient of Qetermination, permit rejection
of the null hypothesis (Sec. 5.2.1) and the conclusion that a strong
ground-photo-stocking correlation éxists (Fig. 2).

Shiue and Gohn (1962) cite the increased efficiency of double
sampling as a major advantage whereby- a large nungber of photo-plots
can be established at the same cost as a fewer number of ground-
plots. The increase in efficiency is depénaent upon the correlation

coefficient between photo- and ground-stocking measurements and the

ratio of the cost of the photo measurements per plot to ground
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~

measurements per plot. Double samplainy becomes < ost-eltective when

the tollowing condition 1s met (Shiue and John 19679

Y4 (Cp o Cg)
S

(Cp + Cp (Ccp £ 0)
where: Cp - cost of onc photo plaot
4
Cpy - <ost ot one sround-plot
’
(¢ - correlation coetticient Sogquated
Establishment costs for pround - and photo-plots were calcu-

lated to be $103.00 and $8.23, respectively, thereby indicating that

the condition would be met if the correlation coetticient exceeded

0.274. Data in Table 5 show an -value ot 0.838 thereby permitting

was cost-etfective

the conclusion that the>double sampling procedure
~

for this study.

Table 6 presents a summary of éstimated ground-stocking by

age class of cutover.

Table 6. Estimated average ground-stocking ot white spruce
seedlings ¢>30 cm) by age class of cutover, Liard
River Drainage, Yukon.

Cutover Age Range of £stimated Average
Age Class Cutovers (yrs) ’ Ground-Stocking (%)
1 0-5 ' 32
2 6 - 10 ' 35
3 11 - 15 56
4 16 - 20 53
.




The data 1ndicate that there was 30- 357 stocking on (utovers

in the immediate post -harvest perirod and that 1t remained static at
this level tor up to 10 years. A stingle, major increase 1n stocking,
ot 20729 percedlt o was detected on cutovers 11-19 years old. Maximum
obhaerved stocking levels Ceached 50-60 percent by year 29.

In the tmmediate post-harvest period, seedling densities
approached 700 stems per hectare (Fiy. 3). Densaties increased to
1670 stems per hectare 19 years atter harvesting and 2655 by year 26 . )
The highest scedling frequenclies occurred 1n the smaller height c¢lass
seedlings, a trend which was consistent through all age classes of
cutover .

Percent vegetation cover, organic layer thickness and cutover
age were }ncluded as variables in a Eygre551on p{ocedure to determine

if they affected percent ground-stocking signiticantly. Only cutover

y
age proved to have a significant effect (Table 7; Fig 4.).
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Devendent Vo

Reprenslon oquat 1o

»

Kepresaston « et trosent

T XKathro

Critircal |

ANOVA s

Sour e D

Regression 1 <
Residual L8
Total 49

The analysis

the regression coefficient and F-value,

pround st ook iny [ BN

:
1
cedlinay s on

[FREEE AV ppe Lo Prard
Tk oo
,~,rf; Ape (0
sl e ‘,{I(H)Iz'! tocwany )
Y A TR S SR R
' 0
[ .
; 14
\ ()
1 95
AR /
,, ')/ |
(} O 1)
S5 , MS ¥ Critical-F
- - f
11507 .1 11507 .1 I A 7.08
1729 ¢ 210.3 (p< 0.Q1)
2225727
indicated statistical significance for both

permitting rejection of the

null hypothesis tnat white spruce regeneration stocking was not

correlated wifyh cutover age.

Seedling age was weaﬁly correlated (r2 = 0.345) with cutover

age (Table 8: Fig. 5).
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ground-stocking vs cutover age.
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(27 0.09)

The Y-intercept indicates that the average age of advance

reproddction approaches 10 years on fresh cut areas but slope of the

regressions shows that a four year increase in cutover age

a one year increase in average seedling age.

in average seedling age suggests that ingress is continuall

yields only

This gradual increment

y establish-

ing, thereby producing the weak correlation with cutover age.

The correlation between seedling height and age, using a

quadratic polynomial approéch for the total seedling population, was

weak (r? = 0.42).

Analysis of these data, which are comprised of

single observations of seedlings at one point in time as opposed to
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The kpw correlation between seedling height and age is
attributed to the mix of advance and ingress seedlings and the presence
of a negative Y-intercept is likely due to the influence of suppressed

advance seedlings in the population and the attempt to fit a math-

ematical relationship to biological data.
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6. DISCUSSTON

Kesults of this study . with re$pect to photo-plot tejection
and detection of small seedlings supgested that the quality ot the
photography obtained was adverselv attec ted by 1nterior light condr-
tions during tilming ino carly May. Buffo et ol (19/72) feported that,

) A
2t 609 north latitude, maximum sun angle during the fivst week of May
, .
is only 409 compared to 459 by May 21 and 53V by summer solstlce.
Atmospheric retlection, refraction and scattering ol light waves all

kS

attect light quality at high latitudes and lower sun angles exacerbate
their effects (Hall 1984). These conditions XCbUlE in teduced clarity

of the photographs and a shadowing caused by physical presence of objects
such as stems of residual vegetation and logging slash. On 407 ot

the photo-plots, shadowing was heavy enough to cause their rejection

(Table 3). Shadowing and reduced clarity interacted to reduce the

contrast betweem green conifer seedlings and background colours on

others. When contrast is reduced, the ability to detect seedlings
4
is weakened - particularly small seedlings under 60 cm in height.

A reduction in ability to detect seedlings on the photographs resulted
in lower détection ‘percentages which in turn affected the correlation
between photo-stocking and actual ground-stocking adversely, making

photo-stockﬂng estimatesfconservative.‘ In this study, detection rates

of seedlings in all height classes averaged about 367 lower than those
- r

of Hall (1984a) working with the identical camera system, similar Photo-_

graphic scales and seedling height classes for comifer regeneration -

reconnaissance in central Manitoba. Correspondingly, the rZ value

32
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?

tor the pround -photo-stocking <orrelation 1n thia studv (oo - 0 /()
was lower than that of Hall's (7 - 0.8/ (Hall 198464)). Despirte this
Circumstance, the level of signiticance of the pround-photo-stocking,

regresston in this studv {(Table 9) suggested that application of the
1

LSP procedure tor photo reconnatssdance ot contter rtepeneration 1n

the Yukon was successtul.
The regression analysis results 1ndicated that percent
stocking was not correlated strongly with ape of cutover (Table 7).
This suggested that stocking did not increase gradually over time,
. . ¢ . )
but attained a maximum level 1n a short time period tollowing harvest.

Observation of natural sceding on f{loodplains of the Liard and Meister

LI

Rivers in the Yukon revealed no stattistically significant increases
in stocking after 3 growing seasons following harvest (Gardner 1983).
In this study, a large increase in stocking percentage was observed -
11 to 15 years following harves[; The ingress which produced this

increase was establjished during the prgQious'lO years. Stocking

e L
estimates were based on photo detectable séédlings, therefore, the

stocking increase detected on citovers 11 years and older probably

occurred because the seedlings becamq*xjsible on the photographs by,
T . 2

this time.- The largest gain in percent detectioun of seedlings was
f

realized between years 11 and 15 (Table ¥} The implication is that

the large increase in stocking observed on cutovers older than 11 years:

was due to. ingress esvablishing’within the first five years (maximum),
following harvest and needing 10 to 15 years to become large enough

to be detected on the photograhs.

Stem density data presented in Figure 2 suggested that

’
0

overcrowding occurred on available receptive seedbeds.. Based on
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a4 stocking standard ot one tree perc 10 m‘,‘ full stocking would

vield a densaity of TOOO stems per heotare GCround tallies ot sced-

lings 1n this studv, showed stem densities on cutovers older than 1]

vedtrs Lo approach 670 stems per hedtare, vet the stocking level wasn

onlv 96 percent Bv /6 years, stocking tncreased to 60 percent yet

densities wete estimated to be 2459 wtems per hectare. This representoed
4

an 1nctease of 4 percent 1o stockiny and 68 percent an density. he

histograms of ape classes thiee, tour and tive (Figure 7) indicated
“that smaller heipht lass seedlinygs have the highest trequencices
within the seedliny population.  On cutovers o: these ages, smaller
seedlings are most likely to be 1ngress as opposed to advance regen-
eration. This is suppor‘(cd Lv the regression of seedling age on
cutover age. Increases in stem denstties obsefved on cutovers in the
third, fourth and fifth age classes, were due to the continual establish-
.

ment of -ingress on a declining number of receptive seedbeds. Stocking
was not increased substantially by this and it implied that serious
overcrowding was occurring.

Adequate seed supplies, receptive segzleds, favourable
microclimates and freedom from vegetative competition are essential
factors in successful whité spruce regeneration (Lees 1972, Place

»

1955, Stiell 1976, Waldron 1966, Zasada 1972). EvTdence of continued

’

seed]ing accumulation over 26 years suggested that seed supplies were
adequate and that microclimate and vegetative competition were not

“~
restrictive to establishment. Since site preparation following

harvesting was not a general practice prior to 1980, it follows that

~

restocking of cutovers was likély limited by a lack of well distri-

3

buted, receptive seedbeds. This contention is supported by the



tesults of a4 seediny trial (Gardner 1983) on tloodplains ot the Laard

and Me1ster Rivers tn the Yukon where pefcent stocking on sear i tred

sites tollowing broadoast natural and spot sceding ot white spruce,

i

was elght times that recorded on unscarltled si1tes atter tive pgrowling

S5¢d50115 .



/. CONCLUSTONS AND RECOMMENDATIONS

Procedures utilizing larye-scale aecrial photographic (Lsp)
technrquen were used to sarvev 104 cutovers Total tlving time
amounted to 5% hours Total time tor tilm documentation, ground-plot
selection and location, photo teconnatlssance and ground-truthing
equalled 346 dayvs. CGround plots 1u this survey were 12,5 times more
expensive (o establish than equivalent photo-plots.  The LSP svstem
proved to be raptd, efticrent and cost-eftective tor reconnatssance:
level repeneration surveys 1n the Yukon.

Seedling detection on the large-scale photographs was
(‘()mpx'iscé)in t‘his study by excessive shadowing from residual vegeta-
tion and debris and from a reduction in the quality of contrast between
seedlings and background m;terial. These conditions were likely asso-
ciated with inferior sun angles at the time of photography which
affected light quality adversely. Low percent detecti&n of smaller
seedlings (0-30 cm height) produced a weaker coefficient of determina-
tion from the regression of ground-stocking versus photo-stocking in
this study than was achieved in other work with the same photographic
system (Hall 1984a). This resulted in a reduction in precision of
the pyoto—stocking estimates. In contemrlating future‘applications

/
of LSP at high latitudes, careful consideration must be given to
d;termining the timing of photography with respect to both tiﬁe of
season and time of day.

Post-harvest restocking of ‘cutovers on floodplains in south-

east Yukon was not gradual because available seedbeds were colonized

quickly and became progressively more overcrowded with time. From

kTS



this, it is suggested that provision ot well-distributed secdbeds,

through site preparation itmmediately tollowing harvest, plus g seced

source, may be all that is required to achleve basic restotking of

cutovers. Regeneratlon surveys 1O chéck stockiny levels should S
pertormed three years following site preparation. A decision to
remove or retaln sced sources should be made at this time. If the

‘decision 1s to retain seed sources, check survevs should be conducted
in year ftive. If by year tive, tull stocking has not been realized
and prepared seedbeds appear less receptive to germination and

,

seedling establishment, site preparation should be made. At either

/
year three or five, depending on the levels of stocking and condition
of seedbeds, consideration could be given to suppliment natural seeding
with some form of direct seeding. The results of this study suggest
that direct seeding would not be required in many cases and that

monitoring to ensure removal of seed sources at the appropriate time,

to prevent overcrowding, would be a major concern.
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OPTIMUM PLOT ALLOCATION WITH RESPECT TO COST

In determining the 1ni1ti1al sample size tor the secondary

e
] -7
(ground) sample, the optimum allocation with respect to cost procedure
was followed Ai(cr Cochran 1977).

v
’ ’ . .

Photo-plot acquisition cost:

—_

\\\ helicopter $7,332.06
N _ . \
\{Lilm processing and printing 8/7.00
e A
~ . $3,209.06
\
. .

390 Total pho(‘;)—plots with tracking photography.

210 samples orfginally estimated to be usable.
\

N

$3,209.06/390 = $8.23 per sample plot
1

! .
(ond sample plot = 25 quadrats each 10m?) .
-

Assidme (Hall 198‘“31)‘:,)hoto-stock)'.ng/ground-stOckimg correlation = 0.9
, i . B —
Cr0undfplot/photore}gf’ratio = 1-r . SB @

- r? ~Cg

Where Cp = Cost photo-plots

Cg = Cost ground-plots
Estimate that 60 ground-plots would be sufficient: s
. . - 2 :
ground-plot/photo-plot ratio = 1- .97 - 8.23 x 60 _ 1/5.72 1/6
_ R 3795 '

Where $3,795 = cost of establishing and measuring 60 ground-plots.

This incicates that an appropriate sample size -would require 1
ground-plot for every 6 usable photo-plots

210/6 = 35 ground-plots required.
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