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INTRODUCTION 

This note deals with cruising results on a 76 acre area on the 
Jackson State Forest in Mendocino County. The test area lies four 
miles inland from the coast on the, north-facing slope of a short 
coastal drainage. Slopes vary from very steep (85%) to gentle. 

The timber stand (fig. 1) in the test area is miXed Douglas-fir

(Pseudotsuga menziesii) and coast redwood (Sequoia sempervirens) with

smaller amounts of grand fir (Abies grandis) and western hem~ock (Tsuga

heterophylla). The stand is essentially even-aged young growth, 85

years old, with occasional residual old growth trees which comprise

about 5 percent of the board foot volume. Average d.b.h. is 22.6

inches. Young growth trees range up to 40 inches d.b.h., and old

growth residuals as large as 72 inches d.b.h. are encountered. This

cruising test was a portion of a harvesting experiment on the same

area.


METHOD 

A conventional 10 percent cruise of the 76 acres was designed. 
This design was 38 one-fifth acre rectangular cruise plots installed on 
a 4 x 5 chain spacing. Boundaries of the rectangular plots were deter­
mined with staff compass and chain.. Diameter to the nearest one inch 
d.b.h. class and height to the nearest 16-foot log were recorded for

all trees.


Two variable plots, one with a basal area factor 40 and one with

a basal area factor 54.44, were installed at the same center point used

for the conventional one-fifth acre plot. Thus, three different cruise

plots were established at each of the 38 center points. Only one height

and one d.b.h. measurement were taken for trees common to more than one

type of plot. This eliminated the chance of getting two different
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Fig. 1. Scene in the young growth redwood stand

cruised.


Fig. 2. Cruiser using a Spiegel-Relaskop; redwood

sucker clu~p in background.
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est:iJnates for the same tree. All the trees on each 54.44 factor plot 
would also fall in the 40 factor plot with the common center point. 

Bitterlichts "Spiegel-Relaskop" was used (fig. 2) as an angle 
gauge. This instrument was chosen because of its ready and accurate 
slope correction and because various basal area factors are available 
on one scale. Use of the prism was rejected because of less certain 
slope correction, although the prism might have advantages under con­
ditions of low available light if mounted in a slope correcting device 
such as that described by Gould (1957). 

Board foot volumes for the variable plots were computed by the 
method suggested by Afanasiev (1957) and Morrow (1958). That is, the 
"conversion factor" or number of trees per acre respresented by each 
tree tallied, was calculated for each one-inch diameter class. The 
board foot volume for each tree tallied on the variable plot was ob­
tained from the same unmodified volume tables (U.S.P.S., 1955 and 
Wallen and Reveal, 1947) that were used for the one-fifth acre plots. 
The product of the volume table volume and the "conversion factortf 
for the appropriate d.b.h. class gave the volume per acre represented 
by each tree tallied on the variable plots. The sum of the vollJlIles per 
acre represented by all trees tallied on each variable plot equalled 
the total volume per acre represented by that plot. This total volume 
per acre for each variable plot. was then treated statistically in the 
same manner as per-acre plot volumes obtained for each of the one­
fifth acre plots. 

RESULTS 

Cruise results and statistical analysis are summarized in table 1. 
Because it was not possible to make a 100 percent cruise of the 76 acre 
area, cruise results were compared statistically. 

Mean volumes per acre for the three systems varied considerably 
as follows. Board foot est:iJnates for the 40 and 54.44 factors were 
respectively 7 percent and 11 percent higher than those obtained by 
the one-fifth acre plot cruise. Board foot volume precision at the 
95 percent level of probability was t 9.7 percent for the 40 factor 
cruise and Z 12 percent for the 54.44 factor cruise. Although pre­
cision of the variable plot estimates was less, far fewer trees were 
cruised than in the conventional 10 percent cruise. 

In order to have attained the same degree of precision with the 
variable plot factor 40 cruise as that attained by the 10 percent 
plot cruise, an additional 34 points would have been needed, but 
287 fewer trees would have had to be cruised (table 1). 

In order to attain a precision of ! 10 percent at the 95 percent 
level of probability (a common min:iJnumprecision goal) the 40 factor 
cruise would have necessitated 16 more points (an 84 percent increase) 
but 152 fewer cruised trees (a 31 percent decrease) than the one-fifth 
acre plot cruise (table 1). 
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A similar analysis of basal area (not tabulated here) closely par­

allels the board foot results shown in table 1, the basal area esti­

mates for each type of cruise being slightly more precise.


Table 1. Results of cruise with 1/5th acre plots and Spiegel-

Relaskop plots basal area factors 40 and 54.44 from the same 38

locations in a young growth redwood stand on Jackson State Forest.


Plot Size

Item


1/5 acre BAF 40 BAF 54.44

rectangular Sp'RelaskopI Sp'R,elaskop


Mean volume per acre (f.b.m.) 70,419 75,058 78,122


Standard deviation (f.b.m.) j:15,084 j:22,220 t29,006


Standard error of mean (f.b.m.) :t2,447 j: 3,605 :t 4,706


Percent accuracy (at 95%

probability) j:7.0 :!:9.6 :t12.0


Number of trees cruised	 985 368 287


Average number of trees cruised

per plot location 25.9 9.7 7.6


Number of plots yecessary for
7% accuracy	 38 72 112


Number of trees yecesary for
7% acuracy a	 985 698 851


Number of plots necessary for

tlO% accuracy (95% probability) 19 35 55


Number of trees necesary for

flO% accuracy (95% probability) 492 340 418


fY	 Note that :this is the accuracy originally attained with the 1/5 acre

plot cruise and that, 2


number of plots (trees) = standar~ ~e%.
mean x ..

( 2 ~


Bell and Alexander (1957) present a method where d.b.h. and height

measurements are taken on only one-half to one-fourth of the variable

plots established. Only the number of trees by species is then recorded

on intervening plots. Board foot per square, foot ratios, established

for each species from the "cruisedtt points, can then be applied to trees
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on variable plots where tree counts only are made. This procedure was

tested by dropping tree measurement data from one-half of the variable

factor 40 plots. Results were encouraging. When the board foot per

square foot ratio was taken from the odd numbered plots, mean calculated

volume (72,872 f.b~m.) per acre was 2.9 percent lower than the mean vol­

ume per acre (75,058 f.b.m.) based on diameter and height measurement

on all plots. When the board foot per square foot ratio was taken from

the even-numbered plots, mean calculated volume per acre (76,637 f.b.m.)

was	 2.1 percent higher than the mean volume ~ased on measuring all the

trees. These differences are well within the standard error of the

estimate and should become even smaller as sample size increases.


DISCUSSION


Some of the variation in mean volumes and basal areas per acre

between the three cruises can be attributed to error in application of

the plotless method. When the mean volumes and basal areas per acre

from the variable plot methods were compared to those from the one­

fifth acre plot cruise the probability in all cases was over 68 percent

(i.e. "t" was greater than 1) that the means came from different popu­

lations. In one case the difference between the means was quite sig­

nificant. The standard error of the difference between the mean basal

areas obtained from the one-fifth acre plots and the 54.44 factor vari­

able plots was significant at the 95 percent level.. (i.e. "t" = 2).


It is quite probable that some of the higher estimate given by

the variable plot methods was due to the inclusion of borderline trees

that were not actually flin" the plots.


Some methods by which these borderline trees could be more ac­

curately placed are:


1.	 Measure the distance to the tree from the center point and

measure d~b.h. with calipers at right angles to viewer.

Determine distance at which the tree would be "in" by for­

mula, previously prepared tables, or a device such as that

described by Stage (1959).


2.	 Mount the Spiegel-Relaskop (in this test it was hand held)

or other instrument on a staff for added stability.


3.	 Target the tree in question by wrapping a red flag around the

tree at d.b.h. This accurately delimits edges of the tree

when lighting and/or background gives poor contrast, and lo­

cates d.b.h. which is important on trees with rapid taper.


It should be noted that these borderline trees become more and

more important when larger basal area factors are used. In this test

the difference in basal area per acre between the 40 factor cruise

and the one-fifth acre plot cruise would be eliminated if 0.67 trees

per plot were deducted from the count.
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CONCLUSIONS


The variable plot cruise with basal area factor 40, on a 76 acre

area, was the most efficient of the three cruises tested based on the

number of trees measured. Cruise data analysis indicates that it is

necessary to measure 31 percent fewer trees (on 84 percent more plots)

with the variable plot factor 40 cruise than with the one-fifth acre

plot cruise, in order to get t 10 percent accuracy at the 95 percent

level. Good accuracy is still maintained with the factor 40 cruise

when height and d.b.h. measurements are taken on on+Y one-half 6f the

variable plots so even greater efficiency is possible.


Use of the variable plot system, rather than the fixed plot

system, could result in greater plot location time because of the

84 percent increase in points needed. However, if cruise design

allows for insertion of added points without increasing ground

travel distance, this possible additional plot location time would

be negligible.


The status of borderline trees must be accurately determined.

If errors in determination of these trees are not cancelling large

bias is introduced.


SUMMARY 

This is a test of the reliability and the applicabi+ity of the

variable plot cruise method for use in dense young growth stands of

coast redwood and Douglas-fir.


Basal area and board foot volume results from three cruises were

analyzed and compared. These were a 10 percent one-fifth acre plot

cruise, and two variable plot cruises, one using a basal area factor

of 40, and one using a basal area factor of 54.44.


Results indicated that the variable plot cruise using the basal

area factor 40 was the most efficient of the three cruises for this

tract. L~ order to attain i 10 percent accuracy with the variable

plot method factor 40 it would be necessary to take tree measurement

data on 31 percent fewer trees than with the standard one-fifth acre

plot cruise. Even further economies should be possible in cruises

of large areas.


Accurate determination of borderline trees when using the vari­

able plot method is very important. Distance to borderline trees

should be taped and d.b.h. calipered at right angles to the line of

sight when the angle gauge or prism leaves doubt about their status.
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