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Abstract 

Mule deer (Odocoileus hemionus) in the Sitm Nevada rely 
htaviiy on mountain whittthom (Ceunothuscorduhtus, Ktii.) and 
deerbrush (C. integerrhus, H&A) as summer forage. In thii study, 
mountain whittthom leaves, dttrbrush itavtt, and dttrbush twigs 
were coiitcttd from shrubs growing in full sun every 2 wteks during 
summer, and from shrubs growing under a range of overstory 
crown ciosurtt during iatt summtr-eariy faii. Samples were ana- 
lyzed for calcium, phosphorus, crude protein, in vitro digestible 
dry matter (IVDDM), gross energy, digestible energy, and sequtn- 
tiai fibers. Summer samples of ail 3 forages had adequate conctn- 
tratlons of calcium, apparently adequate concentrations of crude 
protein, and inadequate concentrations of digestible energy and 
phosphorus for growth and development in deer. IVDDM values 
were lower than expected based on flbtr content alone, suggesting 
high concentrations of digestion-inhibiting compounds. In gtntr- 
al, forage quality declined as summer progrtastd. Crown closure 
and shrub age had only minor effects on forage quality, but signlfl- 
cant annual differences were found in several variables in both 
species. Under conditions common to the southern Sierra Nevada, 
annual differences in precipitation may have bten more important 
than avaiiabit light in determining forage quality. Forage dtficitn- 
fits in late summer may have a substantial adverse affect on newly 
weaned fawns. Marginal forage quality with respect to ctrtahr 
nutrients suggests the nttd to further explore deer nutritional 
ecology on summer and other stasonai ranges in the Sitm 
Nevada. 
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Deerbrush (Ceanothus integerrimus, H&A) and mountain white- 
thorn (C. cordulatus, Kell.) are important forage species for mule 
deer (Odocoileus hemionus) on migratory and summer ranges in 
the Sierra Nevada of California. They frequently are the most 
abundant species present in deer diets (Hagen 1953), and are also 
used by cattle grazing on summer allotments. 

These shrubs become established following wildfire, prescribed 
burning, or logging. As forest trees become reestablished, they 
shade out deerbrush and whitethorn shrubs (Tappeiner 1980), 
thereby reducing potential forage for deer. Although aspects of 
forage quality were investigated as early as the 1930’s (Cronemiller 
1953) advances in analytical techniques (Goering and Van Soest 
1970) as well as evidence of the effects of shade on forage quality in 
other forest browse species (Blair et al. 1983) justified further 
study. The purpose of this research was to compare the nutritional 
quality of deerbrush and mountain whitethorn shrubs (1) growing 
in full sun during the summer growing season, and (2) growing 
under a range of overstory crown closures in late summer-early 
fall. 

Materials and Methods 

Study Area 
The study area was on the southeast flank of Dinkey Mountain, 

in the Sierra National Forest east of Fesno, California (37O 00’ N, 
119’ 08’ W) in the southern Sierra Nevada. Four sampling sites 
were located at about 1,700 m elevation in second-growth Sierra 
Nevada mixed conifer forest. The sites were on Shaver series soils 
(Pachic Uitic Haploxerolls) characterized by gentle to moderately 
steep slopes. The sites were within 5 km of each other and repre- 
sented the upper elevational range of deerbrush and the lower 
elevational range for mountain whitethorn in the southern Sierra 
Nevada. Gverstory tree species included white fir (Abies concolor, 
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Gord. & Glend.), ponderosa pine (Pinusponerosu, Doug.), sugar 
pine (P. lambertiana, Doug.), and incense cedar (Libocedrus 
decurrens. Torr.). The area was used by the North Kings deer herd 
primarily during spring (May-June) and fall (October-November) 
migration each year. Cattle had access to the sites from July to 
September. 

Collection of Forage Samples 
Four composite forage samples were collected every 2 weeks 

during summer 1983, on a separate site for each species. Sampling 
began on 1 June and continued through 8 September, prior to leaf 
abscision, in the deciduous deerbrush. Sampling of evergreen 
mountain whitethorn continued through 6 October. Each sample 
consisted of material taken from at least 4 individual shrubs grow- 
ing in full sun. 

Because both leaves and twigs of deerbrush are readily eaten by 
cattle and deer, current season’s growth of both were collected, but 
were analyzed separately. Although whitethorn leaves are persist- 
ent, abundant new growth is available beginning in early June, and 
the new twig and leaf material is highly palatable. However, white- 
thorn twigs soon become spinescent, providing a mechanical 
defense to browsing by cattle. Mule deer consume whitethom 
throughout the summer by picking individual leaves. Therefore, 
only the leaves of mountain whitethorn were collected for analysis. 
During the first and second collection periods, whitethorn samples 
contained undifferentiated new growth, in addition to leaves from 
the previous year. 

To assess the effects of overstory crown closure on forage qual- 
ity, samples were taken from 30 deerbrush shrubs in September (12 
in 1982 and 18 in 1983), and 30 mountain whitethorn shrubs in 
Gctober(lOeachin 1981,1982,and 1983)growingunderarangeof 
crown closures. These samples were collected in conjunction witha 
study on the influence of shrub volume and crown closure on 
annual production (Kie 1985). Crown closure of overstory trees 
was obtained by taking a photographic slide with a 35mm camera 
and a 28-mm wide-angle lens (75’ field of view), held 1.5 m above 
the ground, pointing directly upward over each shrub sampled. 
The resulting slide was projected on a grid of I50 points and the 
percentage of points intersecting tree boles, branches, or crown 
was recorded as overstory crown closure. The largest basal stem of 
each shrub was sectioned for age determination. 

Nutrient and Digestibility Analyses 
All samples were oven dried at 55-60” C. Crude protein and 

gross energy were determined by Kjeldahl and bomb calorimetric 
procedures, respectively. Calcium and phosphorus analyses were 
performed through atomic absorption spectrophotometry. Forty- 
eight hour in vitro digestible dry matter (IVDDM) was determined 
according to the method of Tilley and Terry (1963), using rumen 
inocula from cows maintained on hay diets. Results are similar to 
those obtained in vivo or in vitro with inocula from wild ruminants 
(Welch et al. 1983). Sequential detergent fiber analyses (Goering 
and Van Soest 1970) included neutral detergent fiber (NDF), acid 
detergent fiber (ADF), acid detergent lignin (ADL), and acid 
insoluble ash (AIA). IVDDM and fiber analyses were performed 
by Wildlife Habitat Management Services at Washington State 
University. All results were reported on a dry weight basis. 

Digestible energy was estimated from gross energy and IVDDM 
values with the equation developed by Robbins et al. (1975:74) for 
white-tailed deer (0. virginianus). Expected IVDDM was also 
calculated based on fiber content of phenolic-free forages, using 
the equation of Mould and Robbins (1982:27) for white-tailed 
deer. Nutrient concentrations were compared to recommended 
standards developed for penned white-tailed deer and domestic 
cattle. 

Statistical Analysis 
Analysis of covariance was used with the dependent variables 

measured from samples collected each fall. Unlike the summer 
composite samples, each fall sample represented material from a 
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single shrub. The model treated each dependent variable separately 
and examined the effects of overstory crown closure and shrub age 
as covariates, and the effects of year of collection as a main factor. 
Simple correlation coefficients were calculated for the independent- 
dependent variable combinations determined to be significantly 
(KO.05) related by the analyses of covariance. 

Results and Discussion 
Biweekly Summer Samples 

NDF, or cell wall constituents, and ADF values were slightly 
higher in whitethorn leaves than in deebrush leaves, and concentra- 
tions in both species increased slightly over the summer (Fig. 1). 
NDF and ADF in deerbrush twigs were higher than in either of the 
leaf forages and increased more rapidly as the growing season 
progressed. The ADL values were higher in whitethorn leaves and 
deerbrush twigs than in deebrush leaves (Fig. 1). ADL declined in 
whitethorn leaves from early to mid-June, when current year’s 
growth began to make up an increasing proportion of the sample. 
Subsequently, ADL values in all 3 forages increased over the 
summer. 

Mean IVDDM values ranged from 19 to 40% for whitethorn 
leaves and from 47 to 64% in deerbrush leaves, the levels declining 
slightly over the summer (Fig. 2). The decline was sharper in 
deerbrush twigs, ranging from 64% early in the season to 16% by 
early September. Although IVDDM values were low compared to 
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Fig. 2. In vitro digestible dry matter (IVDDM) and digestible energy in 
whirerhorn leaves, deerbrush leaves, and deerbrush twigs. (Vertical lines 
are f I standard error). 

high-quality herbaceous forage, they were similar to values 
reported for other forest shrub species (Hanley and McKendrick 
1983, Leslie et al. 1984). 

Observed IVDDM values were lower than expected based on 
fiber content of forages relatively free of digestion-inhibiting phe- 
nolic compounds (Mould and Robbins 1982). Expected IVDDM 
values ranged from 62 to 78% for whitethorn leaves, 73 to 80% for 
deerbrush leaves, and 57 to 78% for deerbrush twigs. Soluble 
phenolics, a broad class of secondary plant compounds, suppress 
the digestion of neutral detergent solubles, thereby lowering 
IVDDM values (Mould and Robbins 1982). Some forest shrubs in 
southeast Alaska exhibited IVDDM values as low as two-thirds of 
that expected based on fiber content, suggesting high concentra- 
tions of digestion inhibitors (Hanley and McKendrick 1983). 

Cronemiller (1953) reported high concentrations of saponin in 
deerbrush in early fall, suggesting this as a cause for decreased 
palatability and occasional nervous system disorders in cattle. 
Conversely, Countryman (1982) found acetone solvent extractives 
averaged only 7.7% in mountain whitethorn foliage. This value was 
comparable to acetoneextracted total phenolics for most forages 
categorized as low-phenolic by Mould and Robbins (1982). 

Gross energy remained constant throughout the summer at 4.6 
to 5.0 kcal/g in whitethorn and deerbrush leaves and 4.3 to 4.6 
kcal/g in deerbrush twigs. Because IVDDM declined during the 
summer, digestible energy, estimated from gross energy and 
IVDDM, declined also. At digestible energy concentrations below 
2.17 k&/g, total energy intake by white-tailed deer is constrained 
by the physical capacity of their digestive systems (Ammann et al. 
1973). The NRC (1976) recommended standard for lactating beef 
cattle is 2.3 kcal/g of digestible energy (based on the requirement of 
1.9 kcal/g of metabolizable energy, plus the energy used in urine 
and methane production). Digestible energy values were below 
these standards season-long in whitethorn leaves, after early Sep- 
tember in deerbrush leaves, and after early July in deerbrush twigs 
(Fig. 2). In addition, concentrations of oils, such as those found at 
low levels in whitethorn leaves by Countryman (1982), can inflate 
the estimation of digestible energy because of their high gross 
energy content. 

Crude protein concentrations were highest in deerbrush leaves 
and twigs and declined during the summer (Fig. 3). Crude protein 
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Fig. 3. Crude protein in whitethorn leaves, deerbrush leaves, and deer- 
brush twigs. (Vertical lines are f 1 stanakrd error). 

in whitethorn leaves increased with the addition of new growth in 
mid-June, and then also declined. Although crude protein concen- 
trations as low as 9% are sufficient for maintenance in adult 
white-tailed deer, the requirement for maximum growth ranges 
from 13 to 16% for adults and up to 20% for weaned fawns (French 
et al. 1956, McEwen et al. 1957, Ullrey et al. 1967). The NRC (1976) 
crude protein standard for lactating cattle is 9.2% (the digestible 
protein standard is 5.4%). Crude protein concentrations in both 
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Table 1. Means and stmdard errors (SE) for nutrknt variablea in wbitetborn leavea (n = 30) collected during fkU1981,1982, and 1983, and in de&rush 
leaves (n = 30) and deerbrusb twigs (n = 39) collected during fall 1982 and 1983. 

Whitethorn Leaves Deerbrush Leaves 
Variable Mean (SE) Mean (SE) 

Neutral detergent fiber (%) 1981: 27.90 (0.80) 
1982: 28.34 (1.61) 33.6671.92) 
1983: 25.49 (2.24) 29.38 (1.39) 

Acid detergent fiber (%) 1981: 14.11 (0.50) 
1982: 16.95 (1.13) 19.85*(1.71) 
1983: 14.59 (1.50) 14.65*(0.89) 

Acid detergent lignin (%) 1981: 7.95*(0.48) - 

1982: 9.49yo.91) 10.31*(1.38) 
1983: 6.27*(0.50) 5.90*(0.66) 

IVDDM (%) 1981: 36.82*(0.9 1) 
1982: 29.06*( 1.54) 53.937364) 
1983: 35.03*( 1.27) 63.60*(1.38) 

Digestible energy (kcal/g) 1981: 1.86*(0.05) - 

1982: 1.44*(0.08) 2.42*(0.18) 
1983: 1.73’(0.07) 2.93*(0.06) 

Crude protein (%) 1981: 13.18 (0.33) 
1982: 14.12 (0.18) 18.15?0.43) 
1983: 13.62 (0.33) 16.92*(0.30) 

Calcium (%) 1981: 1.08 (0.10) - 

1982: 1.13 (0.04) 3.66.(0.47) 
1983: 1.01 (0.05) 2.33*(0.10) 

Phosphorus (%) 1981: 0.14*(0.01) - 

1982: 0.17*(0.01) 0.18 (0.01) 
1983: 0.17*(0.01) 0.19 (0.01) 

*Significant (KO.05) difference with respect to year of collection (after adjustment for overstory crown closure and shrub age). 

Deerbrush Twigs 
Mean (SE) 

65.4872.25) 
53.17*(1.05) 

- 
48.42*(2.02) 
38.95*(0.88) 

- 
15.63*(1.57) 
8.45*(0.29) 

33.49--(1.70) 
35.14 (1.40) 

- 

1.48 (0.08) 
1.56 (0.06) 

8.2240.34) 
7.77*(0.23) 

- 

1.27*(0.10) 
1.07*(0.05) 

- 
0.16*(0.01) 
0.12*(0.01) 

leaf forages were well above these levels. 
Crude protein concentrations were known to be high in both 

deerbrush and whitethorn leaves (Hagen 1953). However, phenolic 
compounds can greatly lower protein digestibility (Mould and 
Robbins 1982). Furthermore, only about 60 to 80% of total plant 
nitrogen (the basis on which crude protein is calculated) is tied up 
as true protein (Van Soest 1982). Powers (personal communica- 
tion) found true protein (based on trichloroacetic acid soluble 
nitrogen) in 3 samples of deerbrush leaves collected in early 
summer averaged only 80% of crude protein. As with digestible 
energy values, additional research is needed on digestible protein 
content in shrubs over a range of sites (Hanley and McKendrick 
1985). 

Calcium values in all 3 forages were high and increased in both 
whitethorn and deerbrush leaves during the summer (Fig. 4). Cal- 
cium requirements for optimum growth and antler development in 
white-tailed deer were estimated at 064%(McEwen et al. 1957). A 
concentration of 0.40% was considered adequate for normal 
development of fawns (Ullrey et al. 1973). The recommended 
standard for lactating beef cows is 0.28% calcium (NRC 1976). All 
3 forages exceeded these standards by wide margins. 

Phosphorus values began at moderate levels but declined stead- 
ily as the summer progressed (Fig. 4). Phosphorus requirements 
for optimum growth and antler development in white-tailed deer 
may range as high as 0.56% (McEwen et al. 1957). Dietary concen- 
trations of 0.26Ye phosphorus were considered adequate for 
weaned fawns (Ullrey et al. 1975). The NRC (1976) recommended 
standard for lactating cattle is 0.28% phosphorus. By late July, 
phosphorus concentrations in whitethorn leaves, deerbrush leaves, 
and deerbrush twigs had all dropped below these levels. As a result 
of high calcium and low phosphorus concentrations, high calcium:- 
phosphorus ratios may further exacerbate phosphorus deficiencies. 

The pattern of phosphorus deficiency and excess calcium was 
reported earlier for deerbrush (Cronemiller 1953) and was also 
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found in forest shrubs in southeast Alaska (Hanley and McKen- Conclusions and Management Recommendations 
drick 1983). Seasonally low phosphorus values were also reported 
for forest shrubs eaten by deer in Washington (Leslie et al. 1984). 

Late Summer-Early Fall !hmples 
In whitethorn leaves, significant (PCO.05) yearly differences 

were found in ADL, IVDDM, digestible energy, and phosphorus 
(Table 1). The 1982 samples were characterized by high ADL, low 
IVDDM, and low digestible energy. Heavy spring snowfall 
remained on the study area late into summer 1982, delaying plant 
growth for several weeks. The 1982 samples were higher in ADL 
and lower in IVDDM, contrary to what would be expected from 
samples collected at an earlier phenological stage. This suggests a 
complex interaction between weather conditions and changes in 
nutrient content in mountain whitethorn. 

In deerbrush leaves, significant differences between years were 
found in ADF, ADL, IVDDM, digestible energy, crude protein, 
and calcium (Table 1). In deerbrush twigs, there were yearly differ- 
ences in NDF, ADF, ADL, crude protein, calcium, and phospho- 
rus. No 1981 deerbrush samples were available for comparison, 
although differences between 1982 and 1983 followed a pattern 
similar to that in whitethorn leaves (high lignin, low IVDDM, and 
low digestible energy). 

The whitethorn shrubs collected during the fall averaged 9.6 
years of age (range S-20 years) and grew under an average over- 
story crown closure of 27% (range 6-71%). Shrub age had no 
significant (E’X.05) effect on any dependent variable in white- 
thorn leaves. Crude protein increased significantly with increasing 
overstory crown closure but the relationship was weak (rr=O. 15). 
As crown closure increased, significant declines were noted in both 
IVDDM (r2=0. 13) and digestible energy (rr=O. 14). 

Deerbrush shrubs collected during the fall averaged 7.7 years of 
age (range 2-14 years) and grew under an average overstory crown 
closure of 33% (range O-72%). Overstory crown closure had no 
effect on any dependent variable in either deerbrush leaves or 
twigs. In deerbrush leaves, crude protein decreased significantly 
(KO.05) with shrub age (r2 q  0.10). In deerbrush twigs, NDF 
decreased with shrub age (rZ = 0.10). As with whitethorn leaves, 
these relationships, although significant, were characterized by 
very low correlation coefficients. 

Overstory effects on nutrient content of forest shrubs have not 
been well identified. Bitterbrush (Purshia tridentata) growing 
under natural stands of ponderosa pine in Oregon had higher ash 
and nitrogen-free extract concentrations and lower crude fiber 
than shrubs growing under thinned stands (Dealy 1966). Deepen- 
ing shade resulted in increased crude protein, NDF, ADF, ADL, 
cellulose, calcium, and phosphorus in young plants of several 
southern browse species when grown under greenhouse conditions 
(Blair 1982, Blair et al. 1983). Increasing shade also resulted in 
declines in total nonstructural carbohydrates, IVDDM, neutral 
detergent solubles, and digestible energy in some species. Over- 
story characteristics were unrelated to crude protein, gross energy, 
and IVDDM in understory browse plants in loblolly pine (pinus 
taeda) plantations in Virginia (Conroy et al. 1982). 

Alaska blueberry (Vaccinium alaskensis) and bunchberry dog- 
wood (Comus canadensis) growing under open overstories in 
Alaska had greater concentrations of phenolics and total nonstruc- 
tural carbohydrates and lower concentrations of crude protein and 
phosphorus than did plants growing under well developed oversto- 
ries (Hanley et al. 1985). The differences may have been related to 
the availability of light, nutrients and the carbon:nutrient balance 
in the shrubs (Hanley et al. 1985). 

Few overstory effects were seen in this study. Total precipitation 
is low, much of it falls as snow in the winter, and summer soil 
moisture conditions vary greatly from year to year in the southern 
Sierra Nevada. The results indicate that on these sites, total precip- 
itation and available soil moisture might be more important than 
available light in determining plant nutrient content. 

Neither mountain whitethorn nor deerbrush alone appeared to 
provide sufficient nutrients for optimum growth and development 
in mule deer. Particularly deficient were concentrations of phos- 
phorus, digestible energy, and perhaps digestible protein. Also, 
digestion-inhibiting compounds may have been present in high 
levels. However, leaves of both species provide high concentrations 
of calcium and neutral detergent solubles. Such forages are valu- 
able when consumed along with other species (Vangilder et al. 
1982). 

Mule deer rely heavily on browse, particularly mountain white- 
thorn, on summer ranges in the southern Sierra Nevada. They eat 
other forages, but recent studies have uncovered similar deficien- 
cies (for example, in phosphorus concentrations) in meadow 
grasses, sedges, and forbs as well (Kie, unpub. data on file). Addi- 
tional information on intake rates and the use of modeling tech- 
niques would provide insights on the relationships between quan- 
tity and quality (Hobbs and Swift 1985). The apparent deficiencies 
in several nutrients among both species of ceanothus and the 
uncertainty about total nutritional intake are sufficient to justify 
additional research on deer nutritional ecology in the Sierra 
Nevada. 

Information is needed on nutrient intake on other seasonal 
ranges. For example, if deer can accumulate phosphorus during 
seasons of abundance, annual intake may be adequate despite 
deficiencies during part of the year (Hanley and McKendrick 
1985). However, maturing trends in plant communities on spring 
migration and early summer ranges and declining nutritional qual- 
ity may have been the ultimate cause of a long-term decline of the 
North Kings deer herd where this current study was done. If forage 
plants on both spring and summer ranges are deficient in some 
nutrients, then winter forage plants may be critical in balancing 
year-long nutritional needs of adult deer. In any case, late summer 
forage deficiencies may have a substantial adverse affect on newly 
weaned fawns. 

Based on current findings, management plans for deer summer 
ranges should recognize the need for and provide a diversity of 
forages as well as productive stands of mountain whitethorn and 
deerbrush. However, opportunities to manipulate overstory stand 
structure as a mechanism to influence understory browse quality 
appear to be limited, particularly in light of annual variations 
caused by differences in weather patterns. 
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