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samples consisted of five cores, 2.54 
cm in diameter and 10 cm in length. 

The method described here is quite 
similar to that of McKell, Wilson and 
Jones (1961), with one important modi- 
fication. The initial washing in the 
one-gallon can insures that all of the 
roots are separated from the soil ma- 
terial. We tried the method of McKell 
ct al. (1961) and found that a large 
number of roots remained on the 
bottom of the container with soil par- 
ticles attached. It was necessary to 
break these by hand. Using our 
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Highlight 

Bow-fishing equipment makes it pos- 
sible for one man to rapidly establish 
and record line intercept brush tran- 
sects. 

The line intercept method of sam- 
pling vegetation (Canfield, 1941) ranks 
very high in accuracy (Schultz et al., 
1961). Persons sampling brush, how- 
ever, are often forced to employ a less 
desirable sampling method because a 
long straight line is difficult to establish 
in dense brush, and the efforts of two 
persons are required. 

In a current study area, the brush 
canopy cover varies between 3 and 60 
percent, and the brush height fre- 
quently exceeds 7 feet. The use of bow- 
fishing equipment made it possible for 
an unassisted investigator to establish 
and record loo-foot line intercept brush 
transects in an average time of twenty 
minutes per transect. 

Cost of Equipment 

Bow-Solid fiberglass bows are avail- 
able for under $15.00. A bow with a 
pull weight of at least 45 pounds is 
required. 

l Received August 24, 1970. 

method, washing in the one-gallon can 
is continued until all visible soil ma- 
terial is washed free. 

The major source of error in our 
method is the possibility that some 
of the root material is broken up by 
the initial washing into fragments 
small enough to pass through the final 
sieve. Williams and Baker (1957) 
found that rootlets and root hairs were 
not broken off when root material was , 
subjected to a hard spray of water. 

A pre-soaking procedure was not 
deemed necessary under our conditions 

although the method would work 
equally well on pre-soaked samples. 

Literature Cited 

MCKELL, C. M., A. M. WILSON, AND 
M. B. JONES. 1961. A flotation 
method for easy separation of roots 
from soil samples. Agron. J. 53:56- 
57. 

WILLIAMS, T. E., AND H. K. BAKER. 
1957. Studies in the root develop- 
ment of herbage plants. I. Tech- 
niques of herbage root investiga- 
tions. J. Brit. Grassland Sot. 12: 
49-55. 

FIG. 1. A line coding which is easily read in the 
of 1 foot, and color coded in IO-foot segments. 

field. The line is marked at intervals 

Bowstrings-About $1.50 each. Spare Fiberglass fishing arrow-About $3.00. 
bowstrings should be carried in the 
field. 

Braided nylon line (50 yds.)-About 
$1.35. Ninety-four pound test squid- 

Bow reel-Commercially available for ding line is suitable. 
about $4.00. A homemade reel can 

Dye for line-Less than $1.00. Wound be built from scraps. 
dressing containing methyl violet is 
readily available and works well. 

Miscellaneous-2 dowels, 1 inch x 5 ft; 
2 screwdrivers; 1 roll of plastic tape; 
1 fishing snap. 
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Total cost-Under $30.00. 

Preparation of Equipment 

Bow and reeZ-The reel should be 
taped to the handle section of the 
bow just below the grip. 

Coded line (Figs. I Q 2)-The nylon 
line should be coded with waterproof 
dye and attached to the reel. A loop 
should be tied in the free end of the 

FIG. 2. Line coding jig. Points A, B, C, line. 
and D are large nails driven into a board 
at the corners of a l-foot square. Fishing arrow (Fig. 3a)-A fishing snap 
Step 1. Starting at A, take 41/2 turns should be secured near the point of 

around AB, then go to C (equals 10 the arrow, and a loop of string should 
feet). be attached near the neck. In use, the 

coded line (A) is passed through the 
loop (B) and attached to the snap 
(C). This allows easy removal of the 
arrow when re-winding the coded 
line onto the reel. 

Step 2. Take 41/ turns around CD, then 
go to A (equals 10 feet). 

Step 3. Repeat steps 1 and 2 until the 
desired amount of line is on the jig. 

Step 4. Dye the line at points A and B. 
Step 5. Dye the line between points C Dowels (Fig. 3b+A notch should be 

and D, and between points D and A, cut in one end of each dowel and a 
leaving points C and D white. point (large nail or old screwdriver 

Step 6. Allow the line to dry thoroughly 
before removing it from the jig. 

blade) ’ should 
other end. 

be installed in the 



b. 
FIG. 3. Diagram of fishing arrow (a) show- 

ing coded line from the bow reel (A), 
string loop tied near neck (B), and fish- 
ing snap secured with copper wire (C). 
Diagram of five-foot dowel (b) shows 
notch to accept transect line and installa- 
tion of point. 

Procedure 
The investigator establishes each 

transect from a randomly located point 
in the field. An arrow, with the coded 
line attached, is fired downwind in a 
high arc. The line is staked out (Fig. 
4), and brush intercept is read directly 
from the coded line. A plumb bob is 
recommended to insure accuracy. After 
the transect is recorded, the stakes are 
removed; the arrow is removed; and the 
coded line is re-wound onto the reel. 
With practice, 
quite rapid. 

the process becomes 
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Highlight 
The need to test for “outliers” is 

often overlooked both in statistical 
analyses of data, and in applied statis- 
tics courses. Instead of discarding an 
“odd” value from the sample data 
based on intuition, an objective ap- 
proach should be used in handling 
spurious values found in a data group. 
An outlier testing procedure can be 
also useful in constructing future sam- 
pling designs. 

Testing for homogeneity in statistical 
sampling is an old problem particularly 
when references are made to variances 
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FIG. 4. Transect lay out. The bow and arrow (not shown) need not be removed when 
the line is staked out. A. Five-foot dowels (Z), B. Screwdrivers (2), and C. Coded 
portion of line (100 ft.). 

Precautions 

It is important that brush intercepts 
be recorded directly from the coded 
line, as braided nylon stretches consid- 
erably. Direct readings yield a true 
percent of intercept, whereas readings 
made with a separate measuring instru- 
ment would tend to under-estimate the 
percent of intercept. 

All transects should be established 
directly downwind to prevent bowing 
of the line. 

Comments 
A transect line 100 feet long, marked 

at one-foot intervals, and color coded 
in IO-foot segments was used in our 
study. The transects was staked out five 
feet above the ground, and a plumb bob 

and goodness of fit tests. If one should 
be interested in homogeneity within a 
sample group collected for statistical 
analysis, consideration might be given 
to individual data values. Often one or 
more of these points present problems 
of interpreting the data. Apparent in- 
consistencies, one or more values, which 
are frequently found within a sample 
group contribute a large amount of 
variation to the total variance. In view 
of possible difficulties in making con- 
clusions, should non-homogeneous data 
points be present, one might consider a 
test for “outliers” to check for possible 
diversions from the normal population. 

Range researchers and technicians 
have frequently found one or more 
sample observations to be inconsistent 
with other values in the sample group. 
Even though the sample was randomly 
drawn from a population of the statis- 
tical universe, a critical examination of 
the data collected is still necessary for 
assurance that the results of sampling 
are representative of the thing under 
examination. Some research workers 

used to aid in determining intercept. It 
is possible to estimate individual inter- 
cepts to within 0.5 percent with reason- 
able accuracy, which was considered 
adequate for this study. The coding, 
length, and height above ground of the 
line can easily be modified to suit the 
requirements of other studies. 
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