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Abstract 

When 100X and 200X microscope magnification levels were 
used singly and interchangeably in microhistological analysis, 
magnification level had no effect (K.05) on diet botanical compo- 
sition of 60% grass and 60% forb diets containing 6 forage species 
fed to mule deer. However, hrrge differences occurred between 
magnification levels for individual plant species in a 60% shrub diet 
containing the same forage species. The use of the 100X and 200X 
magnification levels interchangeably was slightly more accurate 
than exclusive use of either magnification level for the high grass 
and high shrub diets. For fecal analysis our study shows 100X and 
200X microscope magnification levels can be used singly or inter- 
changeably with little influence on accuracy. Use of the 100X 
magnification level to scan fields for potentially identifiable frag- 
ments followed by switching to 200X magnification for better 
resolution of fragments difftcult to discern can slightly improve 
both speed and accuracy. Fourwing saltbush, which had a high 
proportion of stemmy material relntive to leaves, was severely 
underestimated in the feces of all 3 diets. Our data indicate fecal 
analysis has limited value as an estimator of diets of herbivores, 
such as mule deer, that consume significant but variable quantities 
of stemmy material from shrubs. 

Fecal analysis has become one of the most widely used tools to 
evaluate the botanical composition of wild herbivore diets. While 
degree of magnification in fecal analysis studies has consistently 
been 100X or 125X, higher levels of magnification might improve 
the accuracy of fecal analysis. Fecal analysis may have severe 
limitations for estimating diets of herbivores consuming varying 
quantities of woody material during the year (Zyznar and Urness 
1969, Westoby et al. 1976). The objectives of this research were to 
determine the similarity between actual mule deer diets and fecal 
samples when the 100X and 200X microscope magnification levels 
were used singly and interchangeably for estimating the botanical 
composition of fecal samples. Because the 3 diets used in this study 
contained different levels of shrub stemmy material, its influence 
on fecal analysis accuracy could be evaluated. 

Methods 

Three trials were conducted at New Mexico State University 
with 2 individually penned mule deer does in summer, 1982. Each 
deer was individually fed 3 diets that were 60% by weight grasses, 
forbs, and shrubs (Table 1). Commercial forages in the diets were 
Sudan grass (Sorghum sudanense), timothy (Phleum pratense), 
and alfalfa (Medicago sativa). Native forages fed were mountain 
mahogany (Cercocarpus montanus), fourwing saltbush (Atriplex 
canescens), and soft globemallow (Sphaeralcea incana). Current 
year’s growth from native plants was collected near the Organ 
Mountains between 6 July and 8 August 1982. Fourwing saltbush 
was purposely clipped to contain a much higher proportion of 
stemmy material than mountain mahogany. Native forages were 
sun dried for 5 days and then chopped to reduce particle size l-2 cm 
to prevent mule deer from selecting plant species or parts from 
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mixtures. Each diet was fed to each deer for 12 days. All defeca- 
tions from each deer were collected and cornposited during the last 
day of each trial. During this period the pens were covered with a 
canvas mat to prevent contamination of feces. 

Samples of the 3 diets fed and the feces were dried in a forced air 
oven and then ground through a micro-Wiley mill with a l-mm 
screen. Before slide preparation all diet and fecal sample materials 
were soaked in undiluted domestic bleach for 15 minutes. 

Ten slides were prepared using Hoyer’s solution from each 
undigested diet sample and for each fecal sample. Three trained 
observers evaluated the 10 slides for each diet sample at 100X 
magnification. To insure high repeatability, 20 frequency observa- 
tions were recorded per slide (Holechek and Vavra 1981). Fecal 
samples were evaluated at 100X and 200X magnification. A third 
procedure was used for fecal samples that involved scanning or 
fields at 100X magnification for potentially identifiable fragments 
followed by switching to 200X magnification for better resolution 
of fragments difficult to identify. Cellular material had to be pre- 
sent before a fragment was considered identifiable by observers. 
This helped prevent overestimation of soft globemallow, that has 
many easily identifiable trichomes. The frequency addition proce- 
dure (Holechek and Gross 1982) was used to calculate percent by 
weight composition of each diet. 

Multivariate analysis of variance (MANOVA) was used to 
determine if a difference in botanical composition existed between 
the observed diet offered and fecal samples for that diet read at the 
100X, 200X, and 100X/200X interchangeable magnification lev- 
els. Individual observer (3) estimates for each deer (2) were used as 
replications (6) and the 6 species in the 3 diets were used as variates 
in this analysis. Stroup and Stubbendieck (1983)discuss the use of 
MANOVA for determining differences in botanical composition. 
The degree of similarity in botanical composition between actual, 
observed undigested, and fecal samples was calculated with Kul- 
cyznski’s formula (Oosting 1956). The similarity value represents 
the percentage of the 2 mixtures compared that is identical. 

Results and Discussion 

MANOVA showed botanical compositions of observed undi- 
gested and fecal samples differed (K.05) for the high shrub diet at 
all magnification levels (Table 2). Soft globemallow and fourwing 
saltbush in the high shrub diet showed large differences between 
observed undigested diets and fecal samples (Table 1). Undigested 
and fecal samples for the high grass and high forb diets did not 
differ (Z-P.05) at any magnification level. Observed undigested 
samples represented the botanical composition of the actual diets 
better than the feces for the high grass and high shrub diets (Table 
2). However, the feces were most representative of the actual diet 
for the high forb diet. 

Timothy was overestimated while fourwing saltbush was under- 
estimated in all 3 observed diets compared to the actual diets. 
Fourwing saltbush was much more severely underestimated in 
fecal than undigested diet samples. The degree of under- or overes- 
timation of timothy and fourwing saltbush was not consistent 
between diets. This is explained in part by observer variability 
(Table 3). In addition associative effects within feeds may have 
caused fragments of the 6 species to be digested differently between 
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Table 1. Percent compositions of actual diets and means and standard errors of tbe observed diets and f-1 .WmPks of 2 mule deer fed 3 diets.’ 

Diet 

High Grass 
Timothy 
Sudan 
Soft globemallow 
Alfalfa 
Fourwing saltbush 
Mountain mahogany 

High Forb 
Timothy 
Sudan 
Soft globemallow 
Alfalfa 
Fourwing saltbush 
Mountain mahogany 

High shrub 
Timothy 
Sudan 
Soft globemallow 
Alfalfa 
Fourwing saltbush 
Mountain mahogany 

Actual 
diet 

30 
30 
10 
10 
10 
10 

10 
IO 
30 
30 
10 
IO 

10 
10 
IO 
10 
30 
30 

Observed composition 
of undigested Observed composition Observed composition Observed composition 

diet of of of 
using 100X feces (100X feces (200X feces (100X/ 200X 

magnification magnification) magnification) interchangeable) 

x SE x SE x SE x SE 

35 3.5 39 2.2 39 2.3 38 2.8 
22 2.3 23 4.4 25 1.5 24 5.6 
17 2.2 16 7.8 9 4.4 I4 7.2 
13 2.0 9 0.9 16 4.6 IO 2.0 
5 1.5 2 0.3 I 1.3 4 0.9 
8 1.3 II 7.9 II 3.0 II 3.7 

16 1.7 14 2.0 14 0.3 16 5.4 
7 3.8 9 2.0 8 0.6 10 3.8 

39 5.5 34 10.6 38 9.0 34 9.6 
31 2.6 28 5.4 32 4.3 31 7.2 

3 1.2 2 2.8 1 1.0 I 0.7 
3 2.3 12 2.7 8 4.5 8 2.6 

17 2.7 16 4.1 I9 3.0 19 2.4 
7 3.2 II 4.9 7 1.7 14 4.2 

14 3.1 32 9.5 15 6.4 18 8.0 
10 2.9 IO 1.0 10 2.3 17 2.6 
21 3.5 4 1.3 4 2.3 5 1.4 
31 5.6 27 9.8 44 2.0 24 5.1 

‘Botanical compositions of some treatments do not add to 100 due to rounding off. 

Table 2. Percent similarity between actual and observed botanical com- 
positions of 3 diets fed to mule deer. 

Diet 
High High High 

Comparison1 grass forb shrub -; X 

Actual/feces (lOOX/2OOX) 88 89 74+* 84 
Actual/feces (100X) 85* 89 71** 82 
Actual/feces (200X) 84; 87 71** 81 
Actual/ undigested 85* 83’ 88 85 
Undigested/feces (100X/200X) 94 92 77; 88 
Undigested/ feces (100X) 92 88 78’ 86 
Undigested/feces (200X) 88 94 83* 88 

‘Data pooled across observers were used for calculation for similarity indices. 
*Diets are different (K.05) using MANOVA. 

**Diets are different (K.01) using MANOVA. 

the 3 feeds. Norris (1943) found that proportions of other species in 
the diet of sheep affected the extent to which a particular species 
was digested. Clippings of fourwing saltbush contained a higher 
proportion of stemmy material than mountain mahogany. Stems 
from shrubs have lower proportions of identifiable epidermal 
material per unit weight than grasses and forbs (Zyznar and Urness 
1969, Westoby et al. 1976). Although other investigators (Vavra et 
al. 1978, Westoby et al. 1976, Mclnnis et al. 1983) have reported 
fecal analysis overestimated grasses and underestimated forbs and 
shrubs, our results indicate generalizations cannot be made. Our 
results are consistent with Zyznar and Urness (1969) Westoby et 
al. (1976) and Gill et al. (1983) in showing that fecal analysis 
severely underestimates shrubs high in stemmy material when they 
occur in the same diet with grasses and forbs. 

MANOVA showed that the 100X, 200X, and 100X/200X inter- 
changeable magnification levels differed (K.05) only for the high 
shrub diet (Table 1). The similarity between the actual and esti- 
mated botanical compositions was nearly the same for both the 
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100X and 200X magnification levels for the 3 diets (Table 2). 
However, for the high grass and high shrub diets, the 100X/ 200X 
interchangeable level estimated the actual diet more closely than 
the 100X or 200X levels. 

Observers were most consistent in their estimates of grasses and 
least consistent in their estimates of shrubs (Tables 1 and 3). Mean 
similarity indices for the 3 individual observers were 78, 79, and 
91%, respectively, for actual compared to undigested diets; 70,75, 
and 76%, respectively, for actual diets compared to estimates of 
fecal composition; and 90,82, and 83?& respectively, for estimates 
of botanical composition of undigested diets compared to esti- 
mates of fecal composition. Holechek et al. (1982) Gross et al. 
( 1983) and our study show observer variability is substantial when 
microhistological analysis is used. Our data show that variability is 
greater for fecal than undigested samples. 

Observers found it much more difficult to identify fecal frag- 
ments than undigested fragments. Fecal fragments of alfalfa were 
more difficult to discern than those of other species. Observers did 
believe that they could more quickly identify alfalfa fragments with 
the 200X compared to 100X magnification level. Our data show 
that using 100X magnification to locate potentially identifiable 
fragments in microscope fields and then switching to the 200X 
magnification level for better resolution may slightly improve 
accuracy and speed. 

Although only 6 species were used in this study, they do repres- 
ent the plant types that can show differing responses to digestion. 
These include cool-season grasses (timothy) and warm-season 
grasses (Sudan); easily identifiable shrubs (mountain mahogany) 
and easily identifiable forbs with many trichomes (soft globemal- 
low) (Gill et al. 1983); legumes thought to be difficult to discern and 
highly sensitive to digestion and sample preparation (alfalfa) 
(Mclnnis et al. 1983, Gill et al. 1983); and shrubs with a high 
proportion of stemmy material (fourwing saltbush) (Westoby et al. 
1976, Gill et al. 1983). Because of the types of species we selected 
and their levels in the 3 diets, we believe our results have applica- 
tion to herbivores selecting a wider variety of forages and different 



Table 3. Observer estimates of undigested and fecal samples pooled across magnification levels*. 

Undigested samples Fecal samples 

Obs. Obs. Obs. Obs. Obs. 
Diet 

Obs. 
Actual diet 1 2 3 x 1 2 3 x 

High Grass 

Timothy 30 35 41 29 35 39 42 34 
Sudan 

39 
30 20 20 27 22 21 22 

Soft globemallow 
30 24 

10 20 19 13 17 18 17 
Alfalfa 

3 13 
10 16 9 13 13 15 8 12 

Fourwing saltbush 
12 

IO 3 5 8 5 2 0 4 
Mountain mahogany 

2 
10 6 6 10 8 6 10 18 11 

High Forb 

Timothy 10 18 13 18 16 16 8 19 
Sudan 

14 
10 6 1 14 7 9 7 12 

Soft globemallow 
9 

30 38 49 30 39 41 48 16 
Alfalfa 

35 
30 31 35 26 31 24 31 32 

Founving saltbush 
30 

10 5 1 4 3 I 0 5 2 
Mountain mahogany 10 1 I 8 3 7 6 15 9 

High Shrub 

Timothy 10 22 14 14 17 21 12 21 18 
Sudan 10 7 2 13 7 9 8 19 
Soft globemallow 

12 
10 20 12 10 14 30 32 3 

Alfalfa 
22 

10 15 5 9 10 13 II II 12 
Founving saltbush 30 15 27 21 21 4 3 7 
Mountain mahogany 

5 
30 21 40 33 31 23 35 40 33 

‘Botanical compositions for some observer/diet combinations do not add to 100 due to rounding off. 

forage species. We conclude that the 100X and 200X magnification 
levels used interchangeably can slightly increase the accuracy of 
fecal analysis. When herbivore diets contain varying proportions 
of shrub stemmy material, we conclude that fecal analysis has 
limited value as an estimator of diet botanical composition. We 
doubt that reliable correction factors can be developed to improve 
fecal estimates of shrubs high in stemmy material because the 
proportion of shrub leaf to stem selected varies constantly within 
and between shrub species with seasonal change. 
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