FERTILIZER
nitrogen fertilizer. Also, even with
more than three rates, relatively
simple regression equations, such as
quadratic and logarithmic functions,
would not reflect the complexity of
the response patterns shown in some
of the curves in Figures 1 and 3.
Some of the complexity of the response patterns may be attributed
to the native grasslands themselves.
They are mostly mixtures of species
and do not grow in orderly patterns
as do cultivated crops. Also, cattle
do not graze in geometrical patterns.
The irregular grazing would contribute to the complexity
of the
sward or unevenness of stand. It
would therefore be impractical
to
establish completely
randomized,
replicated, and orthogonal factorial
experiments
on such
complex
swards. With several rates of fertilizer in the study, the complexity
of the sward would force a large
experiment, thus posing a considerable labor problem, in order to have
adequate control of error.

from studies of the type reported
here. Small areas of relatively uniform stand can be obtained. The
problem of establishing experiments
involving several rates of fertilizer
on such sites, especially where basic
information is lacking, becomes one
of selecting the rates and fitting
them into the area. The increasingrate spreader used in this study applies fertilizer from 0 to about 3,000
pounds per acre in a non-random
manner. Each strip, 150 feet long
and 4 feet wide, comprises
600
square feet of area, and as many
replications as will fit the area could
be used. In this study, four replications were used. From the strips a
large number of rates can be selected after the crop has grown in
response to the fertilizer. In this
study, sampling along the strips was
done at regular intervals. This need
not be so and sampling may be done
at any intensity according to the
desires of the person conducting the
study.

Many of the questions concerning
the response of native grasslands to
nitrogen fertilizer can be answered

The mathematical
treatment
of
the data to show significance of responses and magnitude of errors has

Use of Fecal Cellulose to Estimate Plant
Tissue Eaten by Deer1
HENRY L. SHORT2 AND ELMER E. REMMENGA
Wildlife Nutritionist, Colorado Cooperative Wildlife Research Units and Professor, Department
of Mathematics
and Statistics, Colorado State University, Fort Collins.

Highlight
In digestion trials with deer, the
cellulose conienf of forages was inversely related to digestible energy
of the ration. In range pen trials,
fecal cellulose seemed fo have predictive value in estimating range
forage consumed.

Forage utilization on wild
range has been estimated by at
least 2 general techniques: (1)
pre- and post-grazing estimates
of standing forage crops and the
determination of difference expressed as utilization; and (2)
use of naturally occurring plant
pigments or plant cell-wall components, such as lignin, that are
determined to be digestively refractive by the animals under
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study. This second technique
measures the pigment or plant
cell-wall component in the stand.ing forage and the recovered
fecal material. Either utilization
or digestibility of forage rations
can be estimated by equating
lignin or plant pigment content
in the total dry fecal material
with that in the dry feed. The
expression of forage digestibility
assumes the complete indigestibility of the marker-a situation
that is sometimes approached
but not frequently realized. The
expression of utilization, especially where food habits are
homogeneous (simplifying plant
sampling problems), seems prac-

not been worked out. Statisticians
are presently
engaged
with the
problem and will be reporting separately.
Summary
Nitrogen fertilizer was applied at
increasing rates from 0 to over 800
pour& of N per acre to strips of native rangeland vegetation. Sub-plots
for yield measurement were chosen
at intervals along the strips. Because
of variability
of stand of herbage
on native rangelands and the consequent difficulty
of finding relatively large uniform areas, the increasing-rate fertilizer spreader offers a method of overcoming these
difficulties in fertilizer rate studies
on these rangelands.
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tical since accumulated dry fecal
material can be estimated with
precision and the relative digestibility of the selected marker
substances can be determined
for the particular range animals
under study.
In many western states deer
and cattle graze on the same
ranges and are in competition
with one another. Food habit
studies e.g., Davis (1952)) show
this competition to vary throughout the year. The present study
with mule deer (Odocoileus
hemionus) suggests that fecal
material collected from range
can be used with some degree of
assurance to predict total forage
consumed from range by deer
throughout a given period. It
seems possible that with an
understanding of deer food habits upon a given area certain
range problems, such as the percentage utilization attributable
to deer, may be answerable.
The present paper presents
data from a series of 9 feeding
trials with browse diets and
yearling mule deer. Relationships between the digestible
energy and the dry matter, cellulose, lignin and hemi-cellulose
content of the test feed are discussed and prediction equations
relating feed intake and fecal
excretion are developed. TWO
range pen studies measured deer
fecal production from the consumption of a known quantity
of range forage plants. The comparison of measured and predicted forage consumption huggests the utility of fecal cellulose
to predict forage consumption
by mule deer.

Maierials

and Methods

Browse Digestibility Study.-_Current annual growth
of mountain
mahogany
(Cercocarpus
montanus), bitterbrush (Purshia tridentutu), and big sagebrush (Artemisiu
tridentata) was gathered during the
autumn of 1961, air dried for about
two months, and then milled. The
ground material was then formulated into the seven possible browse

combinations
(A, B, C, AB, etc.).
Each ration weighed about 45 lbs.,
after it was pelleted with molasses
and a trace mineral additive.
Wild mule deer fawns were captured by Colorado Game, Fish and
Parks Department personnel at the
Little Hills Range Experiment Station, Rio Blanc0 County, and transported to Colorado State University.
From November until February the
deer were conditioned to captivity.
Digestion trials were conducted
from late February until late May,
1962. The trials were conducted
within two 12 x 14 foot covered
enclosures. The “floor” of each enclosure consisted of a canvas tarpaulin laid on a straw or paper mat.
Two entrances into the feeding pens
allowed the test deer to “escape”,
into portable carrying crates, when
the investigator moved into the area
for
inspection
or making
fecal
collections.
Feed and water were
offered ad lib. in all trials from a
covered feed box adjacent to the test
was
pen, and feed consumption
measured to the nearest 4 g. Water
consumption
and urine production
were not measured.
Deer weights
(inside the carrying crates) were
obtained every other day, using a
Fairbanks
platform
scale.
Deer
weights were used to indicate any
sudden change in the condition of a
test animal. Total fecal collections
were made by daily vacuuming the
pen floor. An estimated 10% of the
fecal pellets came into contact with
urine held in folds of the tarpaulin
flooring. Wetted deer pellets were
used to obtain total dry weight of a
day’s fecal production but were not
utilized in the chemical assay of deer
fecal material. The pen floor was
cleaned daily, following pellet collection.
A deer was conditioned to a particular test diet and the experimental conditions for a 5-day period,
followed
by a lo-day
total fecal
collection period. A l-day lag period
equating feed ingestion and fecal
excretion was determined by the use
of chromium
oxide. The collected
fecal material was oven dried and
cleaned of debris and samples of
fecal material and the experimental
feeds were analyzed for lignin by
recommended AOAC procedures and
caloric
content by oxygen
bomb
calorimetry.
Lignin, hemi-cellulose
and cellulose determinations
were

made using the chlorite delignification technique of Wise and Jahn
(1952: 1145). The cellulose component was further checked using the
procedures of Salsbury et al. (1956).
Range Pen Study.-Three
range
pens were constructed in the Hewlett Gulch area of the Roosevelt
National Forest to test, under field
conditions, the prediction equations
developed
from the 1962 feeding
trials. These pens, located about 25
miles west of Fort Collins in the
Front Range of the Rocky Mounenclosures
tains, were deer-proof
each about l/15 acre in area. In the
center conditioning pen all vegetation was removed and in the two
end pens vegetation was differentially removed so that one end pen contained only bitterbrush
and the
other only mountain mahogany. All
deer pellets were cleaned from the
two end pens prior to a range
trial.
An experimental deer was placed
in the conditioning
pen and fed
either freshly
cut bitterbrush
or
mountain
mahogany
for a 4- or
5-day period. At the end of the conditioning period, the deer was transferred to the appropriate
experimental pen. Water was provided
throughout
each
experimental
period. At the completion of a range
feeding trial all fecal pellets were
collected. Each of the 30 to 40 plants
within a test pen was then thoroughly examined for chewed twigs. Since
there is a demonstrable relationship
between
twig diameter
and twig
weight, the diameter of each chewed
twig, proximal to the bite bruise,
was recorded in mm and the chewed
twig diameter data was arranged
according to a frequency distribution. A clipping study was undertaken within each enclosure according to the observed frequency distribution of chewed twigs, and a
10% sample of the total chewed
twigs was clipped on each of 2
occasions. The estimate of plant material removed by a deer during a
feeding trial was determined from
the fresh and oven-dry weight of the
total 20% plant clip. Feed and fecal
material from the 1963 range trials
was also oven dried for 24 hours at
110 C, milled,
and analyzed
for
lignin (AOAC)
and cellulose composition (Salsbury et al., 1956)) using
the techniques employed in the 1962
feeding trials.

DEER FECAL
Table 1. Energy and percenj composifion of cellulose,
percent ufilizafion by 6 deer in 9 feeding trials.
Kcal/g
Diet and Trial

Content

Cellulose1

Used Content

hemi-cellulose,

Cellulose*

Used Content
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lignin and dry matter in 7 browse diets and

Hemicellulose*

Used

Content

Used Content

Used Content

Lignins

Dry matter
~__Used Content Used

36.2
41.2

22.8

38.2
45.3

17.6

12.1
31.4

95.8

45.9
51.6

Lignin*

4759

44.8
49.4

22.9

28.0
31.1

20.0

27.7
32.5

27.3

Bitterbrush

4822

40.8

24.2

23.6

18.8

22.4

20.2

23.6

26.5

37.3

18.8

4.5

92.6

43.7

Sagebrush

4817

46.3

19.6

33.9

18.1

36.3

16.7

20.1

30.7

45.3
~___

19.2

10.3

95.6
~__

48.3

Mahogany &
Sagebrush

4800

42.2

20.6

24.0

21.7

34.1

21.0

22.8

22.1

28.5

19.1
11.6
~___~____

94.6

44.7

Bitterbrush &
Sagebrush

4836

48.7

19.1

25.5

18.1

33.5

17.8

29.8

24.3

37.9

18.4

94.2

50.7

Mahogany &
Bitterbrush

4772

53.4

21.3

36.8

19.0

29.8

19.2

44.5

24.5

44.5

17.5
16.0
95.4
_________~_

55.5

4519

63.2
60.4

15.2

40.4
38.6

13.4

33.6
36.0

21.8

50.6
45.2

29.6

65.5
59.2

20.4

64.0
61.8

A
B

Mountain
mahogany

Mahogany,
Bitterbrush
& Sagebrush
1 Procedure

2 Procedures
s Procedure

A
B

48.7
46.2

95.0

of Salsbury et al. (1956).
of Wise and Jahn (1952).
from AOAC (1960).

Results
Browse

11.7

Digesfibilify

Sfudy

The browse in the 7 experimental
feeds was processed (dried, milled,
pelleted) . Therefore we believe these
data better describe the relationships
between the dry matter, cellulose,
hemi-cellulose
and lignin composition of the rations and energy utilization, than how mule deer digest a
particular forage species, e.g., mountain mahogany. During the ensuing
analysis the feeding trial data are
treated as 9 feeding trials with yearling mule deer on feeds derived
from browse diets. We did not have
sufficient feed, deer, or experimental
facilities
to describe variations in
the (1) utilization of a test feed between deer, (2) digestion of several
feeds by a single test deer, or (3)
utilization of a single feed by a particular test deer on different occasions . In spite of these admitted
shortcomings
certain relationships
seem to be sufficiently
strong between forage plant components and
energy utilization to allow prediction equations to be developed.
The energy, cellulose, hemi-cellulose, lignin and dry matter composition of the 7 diets and the percent
utilization of the dietary constituents in the 9 feeding trials are listed
in Table 1. The cellulose assay techniques of Salsbury et al. (1956) and
Wise and Jahn (1952) gave similar

estimates of the forage composition.
Cellulose digestion in these 9 feeding
trials was very consistent between
diets-averaging
31.9% with a SE
of 2.14% and 31.8% with a SE of
1.48% according to the 2 assay techniques. There was a limited but a
very consistent digestion of cellulose
in these 9 feeding trials. The results
of the AOAC
procedure
for the
analysis of lignin in the test feeds
were consistently lower than values
determined by the procedure of Wise
and Jahn (1952). We believe our
lignin values determined from the
procedure of Wise and Jahn (1952)
are not reliable because of encountered procedural difficulties. Lignin
digestion as measured by the AOAC
procedure
averaged 21.4% with a
large SE of 5.49%. Hemi-cellulose
digestion was rather variable between feeding trials-mean
of 34.9%
with a SE of 3.74%. The related
digestible dry matter and digestible
energy values are also listed in
Table 1.
Prediction equations relating the
dry matter, lignin, hemi-cellulose
and cellulose content to the digestible energy of the test feeds are
listed in Table 2. According to these
data dry matter, hemi-cellulose
or
lignin (either of 2 determinations)
content did not restrict the digestible energy of the test feeds for mule
deer. However, the prediction equations indicate definite relationships

between cellulose level and the digestible energy of the test feed. As
the cellulose content of a feed increases, the digestible
energy dethese cellulosecreases. Although
digestible energy relationships
are
different from results obtained with
sheep (Barnett and Reid, 1961: 139))
they were duplicated in a second
series of feeding trials with mule
deer (Short, 1964)4. Short (1963)
argued that a high turnover rate of
easily digested foodstuffs must occur
for deer to obtain
maintenance
energy. Extensive cellulose digestion
is a time consuming
process and
possibly the high rate of passage
precludes extensive cellulose digestion from occurring.
It is clear from data in Table 1
that all the forage constituents measured in the present study are somewhat digestible for mule deer and
therefore are not suitable for estimating range forage digestibility.
Dry matter, hemi-cellulose,
and
lignin do not seem to be suitable as
a marker for estimating forage utilization. Although lignin digestion in
cows and sheep is subject to some
variation this component has been

4 Short, H. L. 1964. Effects of cellulose levels on the apparent digestibility of feeds eaten by mule
deer. 11 pp. Unpublished
manuscript.
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Table 2. Effecf of cellulose, hemi-cellulose,
lignin and dry matter
upon feed energy ufilizafion, by yearling mule deer.

t Value
Percent energy
utilized (P)

Regression

Equation

Sb

and
signif.

Correl.
coef.

(r)

1. vs. cellulose
content1

PF92.11 - 2.11x

0.51

4.14
P<O.Ol

2. vs. cellulose
contents

Pr92.25

- 2.34X

0.52

4.51
P<O.Ol

*=3.66X

- 18.91

2.21

1.66
P<O.20

0.53

18.21

0.75

1.63
P<O.26

0.53

3. vs. lignin
contents

___-

0.84
_~
0.86

4. vs. lignin
content2

*=1.22X+

5. vs. hemi-cellulose
content2

P=O.O36X+49.14

0.79

0.005
P>O.50

0.02

6. vs. dry matter
content

2=2.50X

2.73

0.92
P<O.40

0.33

- 187.32

1 Procedure of Salsbury et al. (1956).
2 Procedures of Wise and Jahn (1952).
3 Procedure from AOAC (1960).
successfully used as a marker (Barnett and Reid, 1961: 140). The present data suggest lignin to be relatively refractive but rather too variably digested to be useful as a
marker for deer. Perhaps the lignin
content of woody browses differs
structurally from that found in domestic forages or perhaps deer do
differ from domestic animals in their
limited abilities to utilize lignin. It
is interesting
to note that Smith
et al. (1956), working with mule
deer in Utah, determined that the
digestibility
of lignin in 9 forage
species varied between 5.8 and 32%.
However, these authors believed that
the lignin digestion data might be
attributed to inconsistencies
in the
lignin analysis procedure.
It does
seem that dietary cellulose has qualities that favor its use as a marker
for estimating plant tissue eaten by
deer. Cellulose is not extensively
digested by deer, and its presence in
a feed seems to limit the energy
available to deer from that feed.
Furthermore
the apparently
high
turnover rate of contents within the
rumen seems to be a physiological
basis limiting
extensive
cellulose
digestion from occurring.
The relationships between g dry
matter, cellulose (procedure of Salsbury et al. 1956) and lignin (AOAC)
eaten in the 1962 pen feeding trials
and the g fecal dry matter, cellulose
and lignin recovered is described in
Table 3. In this Table, e.g., the

Range Pen Study

levels

estimate of g dry matter eaten (P) =
X
(g dry matter fecal pellets)
2.00 + 478.3 g. The feed eaten, fecal
material excreted relationships
are
linear and strong but the standard
deviation of the regression coefficient (S,) is least for the cellulose
data indicating
the smaller variability
of the cellulose
digestion
data.

with
The range
feeding
trial
bitterbrush was accomplished using
a g-month old female deer . This
animal was maintained in the range
pen for 91 hours and chewed 5,754
twigs of 7 to 34 mm diameter (Table
4). The mountain mahogany
trial
used a 22-month old buck which,
4,903 twigs
in 72 hours, chewed
ranging in diameter from 10 to 39
mm. The wet weight of the chewed
bitterbrush plant material was estimated at 1,750.5 g with an oven dry
weight of 1,020.O g. The fresh weight
of the consumed mahogany tissue
was estimated at 2,012.5 g with a dry
weight of 1,032.5 g. Oven dry weight
of fecal pellets recovered immediately upon the cessation of the range
feeding trials were 755.7 and 810.6 g,
respectively, for the bitterbrush and
mountain mahogany range feeding
trials. The trial deer lost an undetermined percentage of their body
weight on both experiments.
The results of the range feeding
trials, g dry matter, lignin and cellulose in both the clipped bitterbrush
and mahogany plant samples and
the collected fecal pellets, are contained in Table 5. The estimates
of dry matter, lignin and cellulose
made by applying the 1963 range

Table 3. Relationship of g dry maifer, lignin, and cellulose eaten in nine
feeding trials conducted during 1962, and the recovexed g fecal dry
matter, lignin and cellulose.

Constituent

Regression
equation

P=478.3+2.OO(X)
Dry matter
P=107.2+1.26(X)
Ligninl
P=117.8+1.33(X)
Cellulose2
_~
_____
1 Procedure from AOAC(1960).
2 Procedure of Salsbury et al. (1956).

Standard
deviation
of
regression
coefficient
(Sb)

0.31
0.28
0.10

t Value
and
significance
6.54
4.47
13.18

P<.Ol
P<.Ol
P<.Ol

Correl.
coef.
(r)
0.93
0.86
0.98

Table 4. Results of fwo feeding frials conducted in Hewleti Gulch range
pens, spring, 1963.
____Range
Estimate plant
of diOven
tissue eaten (g)
ameter
Hours
Total
of
dry
Browse
fecal
in
number
chewed
plant
Wet Wt. Dry Wt. pellets
stems
trial chewed
stems
(g)
(mm)
pen
Bitterbrush
Mountain Mahogany

91
72

5754
4903

7-34
10-39

1,750.5
2,012.5

1,020.o
1,032.5

755.7
810.6

DEER

FECAL

Table 5. Use of fecal constituents,
from Hewlett Gulch range
estimate plani tissue eaten from within fhe range pens.

Bitterbrush

Mountain

Mahogany

pens,

Dry weight
Lignin
Cellulose

755.7
248.6
252.4

-376
-216
235

1987
421
452

4350
1058
670

1020.0
325.4
358.0

Dry weight
Lignin
Cellulose

810.6
269.9
259.4

-236
-182
245

2096
447
462

4428
1076
680

1032.5
289.1
343.8

pen fecal data (Table 5) to the feed
eaten, fecal material excreted relationships derived from the 1962 nutrition trials (Table 3) are also listed
in Table 5. The calculated 95% confidence
limits for
the predicted
values of dry matter, lignin and
cellulose eaten are also listed. In
all instances the values obtained
from the clipped plant material at
the Hewlett Gulch range pens are
fractions
of the values predicted
from the fecal pellets collected during the 1963 range trials: dry matter
is about 50%) lignin is 63 to 77%
and cellulose is 74 to 79% of the
predicted values.

Discussion
Data from the 9 feeding trials
with mule deer and browse material indicate that there is a
relationship
between
cellulose
content and the digestible energy
of a feed and that cellulose is
to deer.
relatively
refractive
Many more digestion trials with
deer and various feeds will be
required to accurately depict the
relationship between g cellulose
eaten and g cellulose
excreted
by deer.
The comparison
of
clipped plant material from the
range pen trials with the predicted plant material values determined from the feeding trial
data suggest that our relationships listed in Table 3 are only
approximate.
It is clear that 9
feeding trials do not adequately
express the feed-feces
relationship and that 2 range trials do
not completely
indicate the usefulness of the technique.
A second factor influences

to

Matter
.
Plant Material as of Clipped
Dried
Estimated (g)
Plant
Fecal _
Pellets Lower Equa- Upper Material
Limit
tion
Limit
(g)
(g)

Source of
Estimate

Browse
Plant
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the

precision
of using range fecal
material to predict the amount
of forage removed from within
the range pens. The prediction
equations
developed
from the
feeding trial data do not quite
fit the range-pen data. The prediction equations were calculated
from
consumed
dry matter,
lignin, and cellulose that varied
between 1,133 to 12,126 g, 218 to
2,335 g, and 223 to 2,502 g, respectively. The dry matter, lignin
and cellulose consumption
estimated from the clipped
plant
material in the range-pen study
varied only between 1020 to 1033
g, 289 to 325 g, and 344 to 358 g,
respectively.
Therefore we were
applying data obtained from the
range-pen experiments that were
at the lower limits described by
the prediction
equations.
This
fact explains somewhat the wide
confidence
intervals around the
predicted
values of Table 5confidence
belts calculated
for
points along a regression line are
narrowest
near the mean and
widest at the extremes.
We feel that the measurement
of fecal cellulose in deer pellets
to estimate plant tissue eaten by
deer can become a useful range
technique.
In many western
areas where the effects of deer
must be considered,
the most
obvious signs of deer presence
are fecal
pellets.
Fecal-pellet
groups are commonly
used to
estimate the number of deer extant on a range. The collection
of pellet groups for chemical

assay to estimate plant tissue
eaten from range could use the
same pellet groups counted in
the pellet-group
survey and
therefore
the same statistical
programing
and the same field
work force.
Vegetational
surveys to determine the vegetational
cellulose,
and vegetational
dry matter in
the deer’s diet must consider:
(1) the relative
abundance
of
individual
plant species in the
deer’s diet, and (2) the portion
of the plant devoured by deer.
This implies a knowledge of deer
food habits within a particular
study area. Frequently the plant
dormancy
period is when environmental
stress to deer as
well as interest in quantity of
forage
eaten is greatest.
For
many woody
species,
at this
time, growth, photosynthetic
activity, and metabolism is slowed.
Measurements
of plant cellulose
content during this period would
seem to favor precision of the
cellulose estimate.
Summary
This paper investigates the use
of deer fecal material to estimate
plant tissue eaten from range. A
series of 9 feeding trials with
yearling mule deer and rations
formulated from common browse
species was completed.
Limited
cellulose
and lignin
digestion
was noted and cellulose (but not
lignin, dry matter or hemi-cellulose) content of the forage was
inversely related to the digestible energy of the forage ration.
The relationship between cellulose eaten and cellulose excreted
was less variable than were similar relationships with lignin and
dry matter content.
Two range pen trials were
undertaken to test the ability of
fecal cellulose,
lignin and dry
matter to estimate forage consumed from within the range
pens. Fecal cellulose
appeared
to be the most reliable marker
by which to estimate range forage consumed by deer. It seems

.
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possible to design range surveys
to estimate pellet group numbers
and to collect pellet group samples. Cellulose assay of pellet
groups combined with a knowledge of deer food habits upon a
particular range would seem to
offer a potentially useful technique to estimate forage utilization by deer.
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Highlight
Percentage botanical composition
by weight can be estimated from
composition determined with the,
laboratory point method, if differences among species, seasons of
growth, and botanical composition
are taken info account.

Weight of herbage is an attribute of individual plants and
plant communities that has been
measured since the beginning of
intensive pasture
and range
studies. Many procedural variations in weight sampling have
been suggested
(Brown, 1954;
U.S. Forest Service, 1958). While
total herbage
weight
is frequently reported, percentage
species composition on a weight
basis is seldom given because
hand separation is time consuming and, therefore,
expensive.
Pechanec and Pickford
(1937)
suggested weighing the whole
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sample and estimating the parts.
Although estimates can be corrected and the estimators trained
by double sampling techniques
(Wilm et al., 1944), ocular estimates have personal bias.
Field point sampling of foliage
and basal cover is frequently
used to determine percentage
species composition. Recently,
laboratory point sampling has
been employed to determine
composition of forage samples
taken from f istulated animals
(Van Dyne and Torell, 1964). Reports are scarce of attempts to
estimate percentage weight composition with point sampling.
Heady and Tore11 (1959) presented graphs which suggested
that field points, laboratory
points, and weights by hand separation gave similar species compositions. Harker, et al. (1964)
found that percentage species
composition by the microscopic
point method gave a satisfactory
estimate of composition on a dry
weight basis in controlled mixtures of a coarse grass and sweet
potato vines.
Field time is more limited
than laboratory time in many

range investigations.
Proportional species weights in the
field and in animal diets have
more meaning in certain studies
than proportions based on cover.
Therefore, techniques for rapid
and accurate estimating
of
weight composition are needed.
The purpose of this study was
to develop and test equations
which predict percent weight
composition (Y) from percent
point composition (X) . Several
questions were examined in analyzing point-weight
relationships: (1) Is transformation of
the variates necessary? (2) Are
prediction equations
adjusted
through the origin superior to
those not through the origin?
(3) Are separate prediction
equations needed for individual
species or can they be grouped
conveniently without losing precision? (4) Can prediction equations developed for immature
plants be used for mature
plants? (5) Does variation in
vegetational composition affect
the usefulness
of prediction
equations?
Materials and Methods

Vegetation. - The plant material analyzed came from four
adjacent enclosures on the Hopland Field Station in Mendocino
County, California. Various degrees of mulch removal and
seeding in the enclosures resulted in vegetation with different
species
composition

