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Abstract 

A study was conducted to determine the influence of sample 
preparation procedures on the ratio of identifiable to nonidentifia- 
ble fragments in diet samples analyzed by microhistological analy- 
sis. The number of identifiable fragments on slides was 
significantly higher when samples were soakqd in either bleach or 
sodium hydroxide in conjunction with use of Hertwig’s clearing 
solution compared to the control, which involved the use of only 
Hertwig’s clearing solution. The percentages by weight of grasses, 
forbs, and shrubs in two prepared diet samples were more accu- 
rately estimated when either sodium hydroxide or bleach was 
applied in comparison with the control. However, some plant 
species or plant parts may be destroyed by bleach or sodium 
hydroxide. Therefore, diet materials should also be examined 
through standard procedures before the decision is made to apply 
one of these treatments. 

Microhistological analysis has become the most commonly used 
method for determining herbivore diets in recent years. A basic 
problem with this technique, particularly in fecal analyses, is plant 
pigments that make identification of epidermal material difficult. 
Sample preparation techniques to reduce this problem have been 
developed and discussed by Baumgartner and Martin (1939), Dusi 
(1949), Martin (1954), Croker (1959), Metcalf (1960), Storr (196 I), 
Steward (1965, 1967), Griffiths and Barker (1966), Sparks and 
Malechek (1968), Williams (1969), Ward (1970), and Vavra and 
Holechek (1980). Hertwig’s clearing solution was used to remove 
plant pigments by Baumgartner and Martin (I 939), who developed 
the microhistological technique, and later by Sparks and Malechek 
(1968), who refined the technique. Because use of this solution is 
simple and involves little additional effort, it has been routinely 
used by many laboratories performing microhistological analysis. 
The objectives of this research were to compare different sample 
preparation techniques for removing plant pigments and increas- 
ing the proportion of identifiable plant fragments in diet samples. 
Hertwig’s clearing solution was used in conjunction with all treat- 
ments so it could be determined if the treatments provided any 
additional benefits in improving plant fragment identification 
beyond those provided by the standard solution. 
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Fecal samples from cows (summer), horses, and deer (winter) 
were collected from desert range in south central New Mexico. In 
addition, two sample mixtures were prepared from desert species 
collected in the fall. Prepared diet sample I contained 11. I I% by 
weight of each of three species of grasses, forbs and shrubs. Sample 
2 contained current year’s growth of eight shrub species and two 
desert grass species. Shrubs comprised 95% of this diet by weight; 
grasses 5%. Shrub material in both prepared diet samples was 
primarily twigs and buds that did not exceed 2 cm in length. 

All material was dried, then ground through a micro-Wiley mill 
with a l-mm sieve prior to treatment. The samples were then 
subjected to five treatments: (1) soaking overnight in water, (2) 
soaking overnight in formalinaceticalcohol(85 parts 70%alcohol, 
10 parts 40% formaldehyde, 5 parts glacial acetic acid), (3) soaking 
overnight in chloral benzene alcohol (40% chloroform, 50% 
ethanol, 10% benzene), (4) soaking in 0.05 m NaOH for 30 minutes, 
or (5) soaking in sodium hypochlorite (domestic bleach) for 30 
minutes. All sample material was boiled in distilled water for 2 min. 
following treatment application. Slides were prepared using the 
procedure of Sparks and Malechek (1968). Hertwig’s clearing and 
Hoyer’s mounting solutions were used in preparation of all slides. 

Five slides were prepared for each sample/ treatment combina- 
tion, and 20 microscope fields per slide were observed. Two trained 
observers read each set of five slides for each sample/treatment 
combination. The number of identifiable and nonidentifiable frag- 
ments were recorded in each microscope field. Only fragments 
permitting positive identification were considered identifiable. 
When only a portion of a particle was observed in a field and that 
particle could not be identified, the slide was moved so the entire 
particle could be observed. Cow, horse, and deer diet sample 
fragments were placed into two categories: (1)grassesand (2) forbs 
and shrubs. Prepared diet sample fragments were placed into three 
categories: (1) grasses, (2) forbs, and (3) shrubs. The percent by 
weight of these categories in the diet was determined by dividing 
the number of identifiable fragments for each category by the total 
number of identifiable fragments of all plant species and then 
multiplying this number by 100 (Sparks and Malechek 1968). A 
factorial, randomized complete block analysis of variance with 
observers as blocks and diets and treatments as factors was used to 
analyze all data (Steel and Torrie 1960). Duncan’s multiple range 
test was used to rank treatment means. 

Results and Discussion 

Bleach and 0.05-m NaOH treatments resulted in a significantly 
higher (K.05) ratio of identifiable to nonidentifiable fragments 
than the other three treatments (Table 1). The ratio of identifiable 

Table 1. Ratio of the number of identifiable to nonidentifiable fragments in the diet samples for the five treatments. 

Animal’* 

Cow (Summer) 
Horse (Winter) 
Deer (Winter) 
Prepared Diet 1 
Prepared Diet 2 

x 

Control 

0.6 
0.5 
0. I 
0.2 

<o. 1 

0.3b 

Formalin acetic Chloral benzene 
acid alcohol 0.05 m NaOH Bleach x 

0.8 0.7 1.0 1.5 0.9” 
0.6 0.7 1.3 1.5 0.9” 
0.1 0.1 0.2 0.3 0.2 
0.2 0.3 0.9 1.0 0.5b 

<o. I 0.1 0.2 0.2 0.1’ 

0.4b o.4b 0.7” 0.9” 

Treatments with different letters are significantly different (K.05) using Duncan’s multiple range test. 
*Hertwig’s clearing solution was used in all treatments. 
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to nonidentifiable fragments was significantly different (K.0 I) 
among diet samples. Data in Table 2 show that the proportion of 
grass was significantly (K.05) decreased by application of sodium 
hydroxide or bleach. When data for the two prepared diet samples 
were pooled, the browse component was significantly increased 
(X.05) by application of either sodium hydroxide or bleach. 
However the forb component of diet 1 was unaffected. The lower 
percentage grass in diet samples as a result of either sodium 
hydroxide or bleach application is attributed to a higher propor- 
tion of identifiable shrub fragments as the result of pigment remov- 
al. Application of these two treatments greatly improved the 
estimation of grass, forb, and shrub components of the two pre- 
pared diets. However, grass was overestimated in prepared diet 
sample 2 by a factor 2.2 to 2.6 even when either sodium hydroxide 
or bleach were applied. 

The data from this study show that sample preparation for 
microhistological analysis by either soaking in 0.05 m sodium 
hydroxide or bleach in conjunction with use of Hertwig’s clearing 
solution can improve the number of identifiable fragments com- 
pared to use of only Hertwig’s clearing solution. Application of 
either of these two treatments may also improve the accuracy of 
diet estimation. Williams (1969) reported that bleach greatly 
improved the number of fragments identifiable in fecal samples. 
The use of sodium hydroxide has been found to improve the 
accuracy of diet estimation when microhistological analysis is used 
(Vavra and Holechek 1980). However, these two treatments may 
result in destruction of some plant materials. The author has found 

Table 2. The percent by weight of grames,forbs, and shrubsin diet samples 
for the five treatments. 

Formalin Choral 
acetic benzene 0.05m 

Animal’* Control acid alcohol NaOH Bleach 

Grasses (Mean) 70 69 70 67 67 
Cow (Summer)- 85 82 83 82 80 
Horse (Winter) 21 18 19 14 6 
Deer (Winter) 54 50 48 35 32 
Prepared Diet I 28 24 26 13 II 
Prepared Diet 2 5Y 49” 49” 43b 39b 

Forbs (Mean) 
Prepared Diet I 
Prepared Diet 2 

29 28 29 32 32 

29 28 29 Z 32 

Shrubs (Mean) 17 22 23 33 36 
Prepared (Diet 1) 72 76 74 87 89 
Prepared (Diet 2) 45” 49 49 6ob 68” .,... ““.. ,... .,-.., 

lTreatme.nts with different letters are significantly different (K.05) using Duncan’s 
Multiple Range test. 
*Hertwig’s clearing solution was used in all treatments. 

that bleach destroys lichen fragments. Therefore it appears advisa- 
ble to analyze diet samples both with and without sodium hydrox- 
ide or bleach application prior to making a decision regarding use. 

The ratio between identifiable and nonidentifiable fragments 
varied with the botanical composition of the diet sample, and was 
influenced by the method of sample preparation. Havstad and 
Donart (1978) reported that ratios of identifiable to nonidentifia- 
ble fragments were not equal between grasses and forbs. Data from 
these two studies suggest that results from microhistological analy- 
sis must be interpreted with caution, particularly when diet sam- 
ples are high in woody plant material. Accuracy may be further 
reduced for fecal samples because of differential digestion between 
plant species (Vavra and Holechek 1980, Dearden et al. 1975). 
These two problems can be solved with the use of prepared diet 
samples and microdigestion techniques as discussed by Vavra and 
Holechek (1980) and Dearden et al. (1975). 
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