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Abstract

Twenty-two clearcut areas "\ ere sampled in cen
tral British Colum bia using the line intersect
method to: (a) determine the density and bark
area of stumps and logs susceptible to attack by
the spruce beetle, Dendroctonus rufipennis
(Kirby), (b) calculate sample sizes for a predeter
mined degree of precision, and (c) develop new
estinlating procedures based on counts of inter
sected pieces. Estimates based on line intersect
sampling were compared with estimates based on
fixed plot sampling. The mean density (173.6)
and mean bark area (161.6 m 2 ) per hectare of
stumps was 12.2 and 3.9 times greater than the
corresponding means for logs and tops. There
were no statistically significant differences be
tween the line intersect and fixed plot samples in
estimates of either mean density or mean bark
area per hectare of stumps, and variances were
strongly related to means. Using line transects,
less sampling time was required to estimate
mean stump density and lllean stump bark area
per hectare with a half confidence belt equal to
0.2 (mean) than using fixed plots. Equations to
estimate piece density and bark area per hectare
based on counts of intersected pieces are
presented.
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Resume

ingt-deux parterres de coupe rase ont ete echan
tillonnes dans Ie centre de la Colombie
Britannique par echantillonnage lineaire afin a)
de determiner la densite et la surface a ec ecorce
des souches et des grumes ulnerables aux at
taques du dendroctone de I epinette (Dendroc
tonus rufipennis [Kirby]), b) de calculer la taille
des echantillons permettant d'obtenir un degre
de precision pre-determine et c) de mettre au
point de nou elles methodes d estimation basees
sur Ie nombre de morceaux ou de souches de
I'echantillon lineaire. Les estimations effectuees
a partir de l'echantillonnage lineaire ont ete com
parees a celles obtenues par echantillonnage en
bandes (placettes alignees). La densite moyenne
(173,6) et la surface moyenne avec ecorce
(161,6 m 2 ) par hectare des souches etaient 12,2
et de 3,9 fois plus elevees que les moyennes cor
respondantes obtenues pour les grumes et les
cimes. 11 n'y avait aucune differences statistique
ment significatives de la densite moyenne ou de
la surface avec ecorce par hectare des souches,
entre les echantillons lineaires et les echantillons
en bandes et les variances etaient fortement cor
relees aux moyennes. Les transects lineaires ont
permis de reduire Ie temps d'echantillonnage ne
cessaire pour estimer la densite moyenne et la
surface moyenne avec ecorce par hectare des
souches, avec un demi-intervalle de confiance de
0,2 (moyenne); les placettes alignees (en
bandes) n'offraient pas un tel avantage. Le rap
port presente egalement des equations pour
estimer la densite et la surface avec ecorce par
hectare d'apres les chiffres obtenus dans chaque
transect lineaire.



Introduction

Dendro tonu ruflpenni
d tructi e pe t of nlature

pruce Picea p. in orth m i a. arm 11
the beetle infe t injured or other i eak n d
tree indfall and fr h log and logging
re idue. Population in uch ho t nlat rial can
under fa arable cond~tion infe t and kill appar
entl health trees a er large area. Characteri ti
call the large-diameter pruc conl ponen t of
stands suffers greate t nlortalit during these out-
breaks erner and Hal ten 1983).

Fresh logging re idue tumps cut log top) is
readil infested b spruce beetle (0 er and
Ta lor 1971' Schmid 1977). Broods enlerging
from such host material ma fornl a ignificant
portion of the total beetle population in a timber
har esting area (Safranyik et a1. 1983).

Measures of the density and bark area of infested
logging residue are required for se eral reasons:
(a) assessment of spruce beetle hazard (b) plan
ning operational treatnlents and (c) estimating
brood and attack totals in studies of population
dynamics. Pre ious work in assessing the densit
and bark area of infested spruce slash in 01 ed
sampling with fixed plots (e.g. 0 er and Taylor
1971). Sampling with fixed-size plots is time
consuming and expensi e and requires high in
tensity to achieve acceptable Ie els of precision
(Warren and Olsen 1964; Baile 1970). Line in
tersect sampling in forestry was introduced by
Warren and Olsen (1964) in response to a need
for a practical method of assessing the olume of
wood residue on areas that had been clearcut.
Subsequently Bailey (1969 1970) concluded
that reliable estimates of olumes of logging
slash could be made up to 70% faster using this
technique rather than fixed plot sampling. De
Vries (1973, 1974) and De ries and Tan Eins
bergen (1973) ha e pro ided a rigorous general
treatment of the underlying theory of line inter
sect sampling' the technique is no in common
use (an agner 1982).

As part of a tud of population d namics of the
spruce beetle carried out in central British
Columbia from 1972 to 1980 year! estimates of
the densit and bark surface area of logging
residues were needed. The objecti es of this
paper are to: a) compare estimates of the densit

a of t Imp ba d on fi plot and
b d t nline anlpe iz r-

pr et rnlin d d gr of pr ci ion
lop a m thad of tinlating d n iti

and ark ar a of tunlp ba ed on oun t anI of
th inter e t d pi c .

Material and methods

The peri ental rea a in a m re predonli-
nan11 pruce P. glauca x P. engelmannii h brid
population) - ubalpin fir bies la iocarpa)
tand in the a er Fore t about 50 knl outhea t

of Prince George Briti h Colunlbia (53°
122°45' ).

Each spring fronl ] 972 to ] 979 nlap cale ==
6336: 1 (1 inch == 8 chains)) ·of- recentl logged
areas ere obtained from the Briti h Columbia

ini tr of Fore ts. Depending on the ize of the
cut blocks 5 to 20 randonl1 selected points ere
located on each nlap each point being the cen er
of a 120.7-m (6-chain) transect line randonl1
oriented b 10° inter al (-Figure I). The distance
and direction of tra 'el from he et d of one line
transect to the beginning of the next were al a
noted on each nlap. The prinlary consideration in
de eloping the net ark of lines connecting the
transects was to reduce, as much as possible the
total distances of tra e1.

At the end of the flight period of the beetle the
line transects were establi hed on the ground for
each mapped area using a hand conlpass and
topographic chain. 11 lines were measured hori
zontall using slope correc ion where necessar .

The follo\ ing information as recorded separate
ly for each line transect: a) infestation status,
height h) and nlid-diameter (dm) of each inter
sected stump larger than 20 cnl in dianleter; and
the infestation status leng h (I) and end diame
ters (dl and dz) of each intersected log and op

ith small-end dianleter greater than 20 cm and
length more than 91 cm. II mea urenlent of d
and here nlade to the neare t 2.5 mm and I as
mea ured to the neare t 3.0 cnl. or logs and
top the intersections of the allied pieces ere
determined b the rule gi en in De ries

1973). For tunlp intersection of dm ith the
line transect a he basis for inclu ion in the
tall ies.
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where Ii, dl and d2 are in metres. In deri ing equa
tion (4), bark surface area for logs (Si) was
defined as Si == 7T (d1i + d2) Ii /2.

here L == length of line n == nun1ber of inter-
cted piece and the other s n1 bol are a

defined earlier' L drn and h are in metre . In
deri ing equation 2) tump bark area a a
defined a ai == 17' dmi) hi. The e tin1ate for nUlTI
ber of log and top pe hectare ( I) and bark
area per hectare (SI) are gi en in equatIon (3)
and (4) respecti el see De rie (1979) equa
tion 8).

(4)

(3)

A A

Estimates of sand Ss based on line transect
sampling and corresponding .esti1!1ates based on
fixed plot sampling were compared by paired
t-test. The model y == axb was selected to de
scribe the relationship between the variance (y)
and Inean (x) for both num bers and surface areas
per hectare of'stumps and logs based on line in
tersect sampling. This model was fitted to the
data in its linearized form by the method of least
squares and was used for estimating sample size.
Sample size, q, was calculated assunli'ng simple
random sampling and setting the half-width of
the confidence interval, tsx' where t is Student's t

corresponding to the desired confidence probabil
ity and Sx is the standard error of the mean, to a
certain proportion, p of the mean, X. Hence for q
we have

, ,

0-';...,:

On 13 of the 22 sampled clearcuts, in addition to
the stumps on the line transects stumps within
1.82 m wide by 120.7 m (6 chain) long plots the
long axes of which were centered on the line tran
sects were also measured as described above.

Figure 1. A typical clearcut area showing the distribu
tion of sanlple lines (solid lines), their orien
tation angles, and lines of tra el connecting
them (broken lines).

The numbers ( AS) and bark area (Ss) per hectare
of stumps based on line intersect sampling were
estimated as in equations (1) and (2), respective
ly (see De Vries (1979), equations 8a 35 and 36,
for general estimators of totals of any quantity
per unit area of circular objects).

A 104 n 1
S==--L--

L dmi
(1)

(5)

To develop estimates for the num ber and bark
area per ha of stumps and logs based only on the
number of intersected pieces, the sums on the
right sides of equation (1) to (4) for each clearcut
area were plotted on the corresponding n, and
weighted least squares linear regressions were
fitted to the data.

A 10417' n
Ss ==-L- L hi (2)



Results

Statistic for stump den it and bark area on the
sampled clearcuts are gi en in Table 1. On a er
age a transect line intersected about 1 tunlp and
0.4 logs (ratios of means for columns 3 and 13 to
the mean for column 2, Table 1). Based on line
inter ect ampling the mean densit per hectare
(173.6) and nlean bark area per hectare (161.6
m 2 ) of tumps was 12.2 and 3.9 times greater
than the carre ponding means for logs and tops.
Only in one clearcut (number 5) out of the 22 did
the piece count and corresponding bark area per
hectare (n == 15, bark area == 152.1 m 2 ) of logs
and tops exceed the count and surface area for
stumps (n == 6, bark area == 90.0 m 2).
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Figure 2. Required sample ize for a 95% half confi
dence belt of 0.2 (mean) for different densi
ties of pruce tumps and log su ceptible to
the spruce beetle in clearcut areas. Data for
the a er Forest, British Columbia,
1972-79.

The mean difference in the estimated numbers
of stumps per hectare (17.9) and bark area per
hectare (9.7 m 2) based on line intersect sampling
and fixed plot sampling was not statistically sig
nificant (t

12
df == 1.69, p == 0.12 for stumps per

hectare' t
l2
df == 0.62, p == 0.55 for bark area per

hectare). Although centered on the sampling
lines, the fixed plots sampled a greater portion of
the stump population than the line intersect
sample lines. On average, 2.7 times as many
stunlps were tallied on a fixed plot than on a
sample line.

The relationship between the estimated variance
for numbers of stumps and logs per hectare (Vns
and Vnl) and the corresponding means (ins and
Xnl) is given in equations (6) and (7).

log Vns == 1.234 + 1.470 (log Xns) (6)

,2 == 0.677, F,,2df == 39.905, p< 0.001

A -
log Vnl == 1.125 + 1.336 (log Xnl) (7)
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Figure 3. Required sample sizes for a 95°/( half confi
dence belt of 0.2 (mean) for different mean
bark areas per hectare of spruce sturn ps and
logs suscepti ble to the spruce beetle in clear
cut areas. Data from the aver Forest, Brit
ish Colum bia, 1972-79.

The regressions corresponding to equations (6)
and (7) for bark area per hectare are gi en in
equations (8) and (9), respectively.

log Vas == 1.462 + 1.368 (log Xas) (8)

,2 == 0.427, F,,2df == 14.931, p< 0.01

A _

log Val == 2.097 + 0.863 (log Xal) (9)

,2 == 0.822 F.,l7df == 78.,532, p<O.OOI

100 200

BARK AREA (m2 )/ha=X

300
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The regression coefficients of equation (6) to
(9) were not significant! different from unit
p > 0.05). Sample size q required for a 95%

half confidence of 0.2 (mean) wa calculated for
arious densities of stunlp and logs (Figure 2)

and bark areas per hectare of stumps and logs
(Figure 3) using equation (5). Log and top re
quired smaller sample sizes than tumps to e ti
mate either factor within a specified half confi
dence belt. In general, the required sample ize
for piece density and bark area per hectare ere
comparable for both stumps and logs within the
ranges of the data.

The sums (s) 0 er all sample lines in each clear
cut area of d;;'1 (equation 1) h (equation 2), I-I
(equation 3), and (dl + d2) appeared to be linear
ly related through the origin to the number of in
tercepted pieces (n) (Figure 4). The model of
best fit with no abnormalities in the residuals was
s = bn, using weighted least squares with weights
proportional to lin. Hence, the slopes (b) of the
regressions in Figure 4 were estimated as ratios
of the mean number of intersections (n) to the
mean of each of the four variables (s) (b = slii).
Substituting the right sides of equations Sa
through Sd (Figure 4), respectively for the sums
in equations (1) through (4), we obtain estimates
of piece density and bark area per hectare based
only on tallies of the total num bers of intersected
pieces:
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Figure 4. Regressions on the num ber of intersected
pieces on all sample lines in a clearcut area
(n) of: (a) the sums of the inverse of stump

mid-diameter (Sa == 8.525 n, F (1, 21df) ==
441.42, p< 0.001); (b) stump height (Sb ==
8.048 n, F (I, 21df) == 200.51, p< 0.001); (c)

inverse log length (Sc == 0.280 D, F (l,lsdf)
== 330.15, p< 0.01): (d) average end diame

ter (Sd == 0.246 n F (1, Isdf) == 766.55
p< 0.001).



Discussion

lthough a g neral e timator ba ed on line inter-
ect sampling of totals per unit area of circular ob

ject has been deri ed (De ries and a Ein
bergen 1973) this sanlpling techniq e has not
been used pre iou I for e timating attribute of
tump population on clearcut area. s piece

orientation is not a problenl ith circular objects
line intersect sampling of stumps in clearcu
areas could be done using any con enient grid.
The 22 areas we sampled ere located on rea
sonabl flat terrain and e had no difficult e tab
lishing the sample lines or ascertaining the inter
secti on of sturn ps.

Random orientation and distribution of line tran
sects of fixed length 0 er the sample area were
used to ensure statistically sound estinlates of
piece density and bark area for both stumps and
logs. Howard and Ward (-1972) state that on
tractor-logged, flat terrain the orientation angles
of logs tend to be uniformly distributed. In these
types of clearcuts, unidirectional orientation and
systematic spacing of sample lines is quite satis
factory. Although the clearcu ts sanl pled in this
study were logged by tractor and feller-bunchers
some tendency toward nonuniform distribution
of piece orientation angles occurred due to irre
gularities in terrain and the radiating pattern of
skid trails from landings.

The range in the bark area per hectare of stumps
and logs combined (73.6 - 305.0 m 2 ) for the 22
clearcuts is approximately equivalent to the bark
areas of 2.5 to 10 average-sized trees. Consider
ing that on average, the density per hectare of
windfalls in stands in the experimental area was
about 2 (Safranyik et a1. 1983), the logging
residue on a unit area basis contained up to five
times as much bark area suitable for attack by the
spruce beetle as the bark area of windfalls.

Precision in line intersect sampling is related to
the num ber of intersections per unit length of
sample line (Van Wagner 1982) the variability
of piece dimensions (Pickford and Hazard 1978)
and the variability in the number of intersections
among sample lines. Intersections of logs tended
to be more uniformly distributed among sample
lines than intersections of stumps. For both
stumps and logs, the variance tended to increase
geometrically with increasing mean (equations
(6) to (9)) indicating that both types of host

8

mat rial tended to ha e I nlped di tribution .
lthough for the four regr ion the lope
ere not ignificantl different frotTI unit the

ample ize ere nlall for te ting hether ari-
ance tended to incre e in dire t proportion to
m an alue.

The e tinlate of tump densit and bark area
ba ed on line inter ect sanlpling and fi ed plot
sampling agreed clo el considering the dif
ference in the numbers of stumps tallied using
the two nlethods. The time required to complete
tallies on fixed plot relati e to line tran ects was
usuall greater than would be indicated by the
ratio of the respecti e number of tallied pieces
due to the need to establish plot boundaries and
to check greater numbers of borderline trees.
The a eraged coefficients of ariation (cv) for
density and bark area per hectare based on line
intersect samples (130.1°A and 125.1% respec
ti ely) was approximately proportional to the
product of the square root of the ratio of the a er
age number of tallied pieces ( 36.1/11.4) and
the corresponding averaged cv for fixed plots
(68.2°A and 75.2% ). Therefore, considering the
last two statements and that·· in unrestricted
random sampling required sample size for a pre
deternlined degree of precision is proportional to
cv 2, sampling with the fixed plots used in our
study would require greater total sampling time
than line intersect sanl pling.

Line intersect sampling required considerable
sampling effort to establish meap densities and
bark areas per hectare with moderate levels of
precision (Figures 2 and 3). This finding agrees
with earlier work based on both field sampling
and simulation studies (Pickford and Hazard
1978). As a two-man crew could sample 20
sample lines of 120.7 m length per day, over 5
days of sampling time would be required to esti
mate mean stump density and bark area per hec
tare (x) with a 95% half confidence belt of 0.2 x
near the lower range of the means observed in
our study. For logs, the sampling effort required
for the same precision would normally be pro
hibiti e. A solution to this problem would be to
reduce the required precision at low piece con
centrations or to hold sampling effort constant
below a predetermined threshold level of piece
concentration.

The slopes of regression equations in Figure 4
define the average contribution of an intersected



and bar ar apr h t r of
p n on th dinlen 'onal

at 1 pi e pop 11 ion
. Figur indicate that

lope renlain d re onabl con tant 0 r all
area. ajor chang ar e p ct d to

o cur onl hen Itilization tandard for t
t P , or logging te hnique ha g .

Equ tion 10 through 13 can be ed hen
peed a e ment of the den it and bark ar a

per hectare of logging residue is required uch a
in ur e s for a es ing hazard of increa e in
pr ce beetle population in uch material . In
uch sur e s, there is no need to pro id separate

estimates for logs and stumps and a s stem of
parallel lines or a rectangular grid of lines tra ers
ing the clearcut area could be used. hate er

tern is used care nlU t be taken in determin
ing the intersection of pieces b the sample lines.
Becau e nlajor changes in the dimen ional char
acterisics of the intersected pieces are likel to
affect the reliabilit of estimates based on equa
tions (10) through (13), new equations should
be de eloped for situations where utilization
standards, forest types or logging techniques
differ significantl fronl those reported in his
stud.
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