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ABSTRACT 

The effect fire has on nutritional contents, browse production, 

and utilization of three preferred mule deer browse species in the 

mountain shrub community of the Guadalupe Mountains, southeastern New 

Mexico was studied in four different aged burns. Crude protein, 

phosphorus, digestible organic matter, and digestible energy content 

were determined for desert ceanothus (Ceanothus greggii), mountain maho

gany (Cercocarpus montanus), and oak (Quercus spp.) after a current year 

burn, a 1-year-old burn, a 2-year-old burn, and a 6-year-old burn. All 

nutrients analyzed showed a sharp increase following the current year 

burn with fire effects apparent up to a year post-burn. No nutritional 

effects were apparent beyond the first year of regrowth. 

Total average dry weight production of caged plants following the 

current year burn was 12.0, 83.0, and 14.7 g for desert ceanothus, 

mountain mahogany, and oak, respectively. Total average dry weights for 

uncaged plants were 6.0, 114.5, and 7.8 g, respectively. Dry weight 

production on the burned sites fell short of control dry weight levels. 

Utilization data was limited due to the lack of use on pre-selected 

browse plants. 
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CHAPTER I 

INTRODUCTION 

Food habit studies of mule deer (Odocoileus hemionus) (Robinson 

1937, Smith 1952, Wilkens 1957, Anderson et al. 1965, Boeker et al. 

1972, Krysl 1979) show the shrub community as a major food source 

throughout the year while providing a vital energy source during periods 

of the year when preferred forages have declined. Shrub communities 

in the arid Southwest play a vital role in the maintenance and survival 

of mule deer. Anderson et al. (1972) and Krysl (1979) found that browse 

provided 70.2 and 77.0% of the annual diet of mule deer in the Guadalupe 

Mountains in southeastern New Mexico and southwestern Texas, respective-

ly. Periodic rejuvenation and maintenance of shrub communities are 

important to local populations of mule deer which depend on these 

communities for forage production (Taber and Dasmann 1958, Meneely and 

Schemnitz 1981). 

Fire is a natural way to rejuvenate shrub communities, by stimu-

lating regrowth (Johnson et al. 1962, Lillie et al. 1964) and recycling 

nutrients (Vlamis and Gowans 1961, Mayland 1967) present in the eco-

system. Fires in the Guadalupe Mountains are common during hot, dry 

summers. Fire summaries for Carlsbad Caverns National Park, Guadalupe 

Mountains National Park (Ahlstrand 1979), and the Lincoln National 

Forest (Forest Service 1982, personal communication) show lightning and 

man-caused fires are both frequent in the area. Schroeder (1964) 

stated that critical burning conditions are more common in Arizona and 

New Mexico than any other region in the country. The use of prescribed 

burning can bring together this natural phenomenon and man's ingenuity 

for the betterment of mule deer populations (Valentine 1971, Wright and 
1 



Bailey 1982). 2 

Fire can have beneficial as well as detrimental effects on shrubs. 

Fire has been shown to improve a shrub species as a deer forage, due to 

increased availability (Kittams 1972) and increased nutrient levels 

(DeWitt and Derby 1955, DeBano and Conrad 1978, McAtee et al. 1979). 

Thus burned sites have been used to a greater extent by larger ungu

lates than was expected if the site had not burned (Neu et al. 1974, 

Lowe et al. 1978, Keay and Peek 1980). 

Quality as well as quantity and availability are important factors 

that determine desirability of a browse species (Vallentine 1971). 

Nutrient levels found in vegetation after a current year burn have not 

been determined for preferred browse species in the Guadalupe Mountains, 

New Mexico. 

The objectives of this study were to: 

1. Determine the changes in nutrient levels of selected browse 

species following a current year burn, a 1-year-old burn, a 2-year-old 

burn, a 6-year-old burn, and their respective controls. 

2. Determine how long after a current year burn nutrient levels 

are affected by burning. 

3. Determine production and utilization of selected browse species 

following a current year burn. 



CHAPTER II 

LITERATURE REVIEW 

Species Selection 

Browse makes up a high percentage of the dietary intake for mule 

deer (Anderson et al. 1965, Boeker et al. 1972, Kittams et al. 1979, 

and Krysl 1979). This is true throughout the year. Krysl (1979) 

estimated that browse in the Guadalupe Mountains accounted for 74.0, 

85.0, 79.0, and 70.0% of a mule deer's diet during spring, summer, fall, 

and winter, respectively, with a large percentage comprised of oak 

(Quercus~.), desert ceanothus (Ceanothus greggii), and mountain 

mahogany (Cercocarpus montanus). Annual dietary frequencies used by 

mule deer for these three browse species were 35.0, 13.0, and 10.0%, 

respectively, while for elk (Cervus elaphus) they were 37.0, 1.0, 

and 5.0%, respectively (Krysl 1979). Simpson et al. (1980) found that 

Barbary sheep (Ammotragus lervia) inhabiting the Rim and Threeforks 

region of the Guadalupe Mountains, consumed 1.0, 4.0, and 16.0% for 

oak, desert ceanothus, and mountain mahogany, respectively. 

Fire Effects 

The effects of burning on nutritional levels of browse regrowth 

has been documented in several studies. Reynolds and Sampson (1943), 

Einarsen (1946), DeWitt and Derby (1955), and Debano and Conrad (1978) 

all found significant increases in regrowth crude protein after fire. 

Debano and Conrad (1978) showed nutrients to concentrate in live twigs 

after a prescribed burn. Meneely and Schemnitz (1981) showed signifi-

cant differences in ash, calcium, ether extract, and acid detergent 

fiber contents of browse from burned and unburned areas three years 
3 



4 
after a spring wildfire. Significant interactions indicated fire 

effects varied with the species or plant part and season. They found 

no significant differences in average percentages of crude protein, 

phosphorus, and in vitro digestibility for browse between spring 

burned and unburned areas. They concluded that at the time of sampling, 

the differences found were not nutritionally important to the local 

deer population. 

Seasonal fluctuations of nutrient levels in browse have been shown 

to occur due to maturation of new growth. High levels of crude protein 

and other nutrients were found in young, succulent, new growth during 

the spring (Cable and Shumway 1966, Short et al. 1966, Short and Harrell 

1969, Chatteron et al. 1971). Nutrient levels decreased through the 

summer with lowest levels occurring in late fall and winter. Peak 

nutrient levels are not reached at the same time by all species (Cable 

and Shumway 1966). This same nutritional trend can be seen in the diet 

of mule deer over the year (Swank 1965, Urness and McCullock 1973, 

Urness et al. 1975). Urness et al. (1971) found that nutrient intake 

varied little between deer species or seasonally, illustrating the 

availability of high-quality forages in each grazing period and the 

ability of deer to select forage to maintain relatively constant intake 

of crude protein. A model developed by Wallmo et al. (1977) suggested 

that summer forage will support many times the number of deer present, 

but winter forage will not sustain deer at any population level. In

stead, duration and severity of the winter determine the length of time 

deer can survive. 

Recycling of nutrients by fire into the soil could have a direct 

effect on the availability of nutrients to new forage regrowth. Studies 



on nutrient cycling show a variety of effects. 
5 

Vlamis and Cowan (1961) 

and Mayland (1967) found that soil nitrogen concentrations were increased 

due to burning which increased forage production with ash being the 

contributing factor. Lewis (1974) stated that increased nitrogen con-

centration on burned sites was the result of increased microbial activity 

in the soil after burning. Ahlgren and Ahlgren (1965) documented in-

creases in soil microbial activity following fire. Whatever the case, 

nutrients are made more available or are volatilized and lost from the 

site (Debano and Conrad 1978). Debano et al. (1979) found that the 

degree of soil nitrogen loss is highly correlated with soil moisture. 

On shallow, dry soils nitrogen losses can be extensive while on moist 

soils the loss may be negligible. 

Soil moisture can be altered due to the post-bum reduction in vege-

tative cover. Campbell et al. (1977) found soil moisture less on 

areas burned than on areas unburned. This lasted for 3 consecutive 

seasons following a wildfire. Loss of soil moisture was attributed 

to increased evaporation due to the loss of cover. Rapid growth during 

the spring growing season after burning has been shown to reduce soil 

moisture in the upper 2.5 em of prairie soil with smaller reductions in 

soil moisture at greater depths (Sharrow and Wright 1977). A decrease 

in soil moisture leads to early maturation of forage on a burn and a 

change in its chemical composition (Meneely and Schemnitz 1981). 

Browse species differ in their survival response to fire. Browse 

species responding to fire vegetatively by root crown or basal sprout-

ing have higher survival rates than shrubs that do not sprout. Johnson 

et al. (1964) found that alligator juniper (Juniperus deppeana), classi-

fied as a sprouter, had a fire mortality of 28% over all classes and 
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basal sprouting of 42% while one-seed juniper (Juniperus monosperma), 

classified as a non-sprouter, had a fire mortality of 76% and basal 

sprouting of remaining trees of 10%. Fire mortality in the oaks studied 

was marked with preburn mortality due to drought conditions which ob

served fire mortality. 

Pond and Cable (1960) found that shrub live oak (Quercus_ turbinella) 

resprouted vigorously after burning and the number of resprouts were re

duced to preburned levels only after five consecutive years of burning. 

Wright silktassel (Garrya wrightii) and hollyleaf buckthorn (Rhamnus 

crocea) also resprouted after the first fire but were eliminated by 

further burning. Mature desert ceanothus plants were completely elimi

nated by one burn with seedlings observed on burned plots over the years. 

Kittams (1972) found that wavyleaf oak (Quercus undulata) and 

Mohr oak (Quercus mohriana) in Carlsbad Caverns National Park were both 

vigorous crown and root sprouters following fire, with new sprouts 

frequently being browsed by foraging deer. Redberry juniper, (Juniperus 

pinchoti), alligator juniper, skunkbush (Rhus trilobata), mountain 

mahogany, catclaw mimosa (Mimosa biuncifera), skeleton goldeneye 

(Viguiera stenoloba), and silver dalea (Dalea argyraea) were all strong 

resprouters that recovered after burning. Desert ceanothus, however, 

was almost totally eliminated by fire with no seedlings observed during 

the study period. 

Species such as desert ceanothus that reproduce primarily by seed 

are susceptible to post-fire seedling mortality due to unfavorable grow

ing conditions during the summer months after a June fire (Gratkowski 

1961). Insects and browsing can also add to seedling mortality which 

would give resprouting shrubs a distinctive advantage during early plant 
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succession, along with their established root systems, stored energy, 

and rapid growth (Vogl and Schorr 1972). 

Nutritional Parameters 

Boeker et al. (1972) stated that nutritional content is a primary 

determinant of mule deer habitat quality. Quality as well as quantity 

of available browse is important to the well-being and survival of mule 

deer. Hagen (1953) and Leopold et al. (1974) observed low deer popu

lations could be traced to an insufficient quantity or poor quality 

forage. Cheatum and Severinghaus (1950) and Taber (1953) noted that 

lower rates of reproduction were found in areas of poor range. Nutri

tional levels have an extensive impact on the growth, health, and well

being of wild ungulates (Swank 1965). 

Phosphorus is usually one of the most limiting mineral nutrients 

for ruminants (Church 1979). Brown (1978) stated that phosphorus is the 

most limiting macro-mineral for deer on Texas ranges. A deficiency in 

phosphorus will affect mineral uptake in the bones and teeth cause 

anorexia (reduced appetite), reduce fertility, interfere with the 

utilization of vitamin A stores in the liver and cause a generally 

listless appearance in cattle (Church 1979). Urness (1973) listed the 

general standards for phosphorus levels in individual forages as >0.30, 

0.25 to 0.30, 0.16 to 0.25, and <0.16% being excellent, good, fair, and 

poor phosphorus percentages, respectively. Short (1981) recommended 

that for deer management, phosphorus levels in the diet should be in 

the range of 0.20 to 0.25%. Brown (1978) stated that mature white

tailed deer require between 0,30 and 0.50% phosphorus in their diet 

for optimal metabolic needs, while 0.16 to 0.25% for maintenance require

ments (Dietz 1965). 
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Crude protein determined from percent nitrogen in the forage is 

an important element of forage quality. Crude protein levels influence 

estrous regulation, lactation, weight gain, growth, and energy meta

bolism in ruminants (Maynard and Loosli 1956, Church 1979). Periods of 

low crude protein prior to and during pregnancy have reduced reproduc

tive success in white-tailed deer (Verme 1967). Optimum growth and 

production have been reported for diets of 16.0% crude protein, but deer 

develop slowly and reproductive success is low on diets of 7.0% crude 

protein or less (Verme and Ullrey 1972). 

Urness (1973) categorized crude protein contents for southwest deer 

forages as excellent, good, fair, and poor when crude protein levels 

were >12.0, 10.0 to 12.0, 7.0 to 10.0, and <7.0%, respectively. A yearly 

average of 12.0% crude protein in the diet is considered adequate for 

growth and reproduction although 6.0 and 8.0% crude protein is con

sidered adequate for maintenance and support of rumen functions (Dietz 

1965). Fawns usually require between 13.0 to 17.0% crude protein for 

optimal growth (French et al. 1955). 

Gross energy is the heat of combustion of food ingested per unit 

time (Church 1979). The unit of energy most useful in wildlife research 

is digestible energy which is gross energy minus fecal energy. Short 

(1981) stated that deer depend on maintaining a positive energy balance. 

Energy, available through the metabolism of food stuffs, has to balance 

with euergy output. Energy output is measured on the basis of basal 

metabolic rate (Moen 1973). which is the fasting metabolism of a caged 

deer in a thermoneutral environment (Wallmo et al. 1977). Additional 

energy is required above heat production when energy is needed fo~ ther

moregulation, locomotion, gestation, lactation, growth, and gain (Wallmo 
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et al. 1977). Moen (1973) estimated the activity metabolic rate for 

deer normally ranges from 1.23 to 1.98 times basal metabolic rate, depend

ing on various activities. He stated that activity metabolic rate 

may reach 2.3 times basal metabolic rate at the peak of lactation. 

Techniques for Nutrient Analysis 

The A.O.A.C. (1965) technique to estimate percent phosphorus has 

been the accepted method in recent years. The use of ammonium molybdate

metavanadate (NH~M030~) reagent and a spectrophotometer gives a direct 

reading of percent phosphorus. 

The micro-kjeldahl technique outlined in the A.O.A.C. Handbook 

(1965) is an accepted method of determining percent nitrogen. Percent 

nitrogen multiplied by constant (K) 6.25 is an estimate of crude protein 

levels in the sample. 

The in vitro techniques developed by Tillev and Terry (1963) is a 

standard method for estimating digestible energy levels and digestibility 

coefficients. Urness and McCulloch (1973) stated that this technique 

proved useful in rapidly obtaining digestibility coefficients for large 

numbers of forage samples. However, Urness et al. (1977) determined 

that in vivo digestibility percentages from mule deer digestion

balance trials were usually higher than in vitro determinations obtained 

from the same experimental forage species. Due to this discrepancy 

between in vivo and in vitro digestibilities, Urness et al. (1977) 

derived correction factors to compensate for the discrepancy, but as 

stated by Sowell (1981) these correction factors would have little 

value in other habitats. 

The standard two-stage Tilley and Terry (1963) in vitro digesti

bility method was modified by Ammann et al. (1973) for use with deer 
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browse. Palmer et al. (1976) used this modified Tilley and Terry method 

to determine if source of inoculum, cattle or deer, had an effect on 

results. Palmer et al. (1976) concluded that there was no difference 

in the results between cattle and deer inoculum and that the modified 

in vitro digestion technique used was shown to be an accurate predictor 

of in vivo digestibilities of deer foods covering a wide range of 

nutritive values. 

Van Soest (1970) suggested that the addition of a neutral deter-

gent extraction step in the Tilley and Terry method, instead of pepsin, 

would be a closer approximation of digestibility for a particular 

forage. This added step removes cell contents and makes them completely 

(98%) available to ruminants (Van Soest 1970). Rohweder et al. (1976) 

suggested that the combination of the modified Tilley and Terry method, 

described by Palmer et al. (1976) and neutral detergent extraction has 

proven superior to many techniques. 



CHAPTER III 

STUDY AREA 

The study was conducted in the Guadalupe Mountains of southeastern 

New Mexico (Fig. 1). The Guadalupe Mountains are a southern extension 

of the Rocky Mountains, resulting from the orogeny and subsequent ero

sion of the Capitan Barrier Reef during the Permian Period (Brand and 

Jacka 1979). 

Four different age burned and adjacent unburned areas along the 

eastern edge of the Lincoln National Forest, Guadalupe District, where 

State Highwasy 137 enters Forest Service lands, were selected as sam

pling sites. The 4 burns lie 69.2 km west of Carlsbad, New Mexico, by 

highway (U.S. 285 and State Highway 137) and 17.7 km north of the Texas

New Mexico border. 

Site Descriptions 

Cottonwood Burn 

The Cottonwood Burn covered 6652 ha of federal, state, and private 

lands (Table 1). The fire was started by a lightning strike on June 29, 

1974. The burn covered the area on both sides of Guadalupe Ridge within 

the drainages of West Slaughter Canyon along the southern edge, North 

Slaughter Canyon along the east, and Dark Canyon along the north and 

west (Fig. 2). Elevations range from 1326.2 m to 2042.7 m with the 

area characterized by deep, rocky canyons and long, narrow ridges. 

The majority of the vegetation within the Cottonwood Burn is 

mountain shrub,whereas Pinyon-Juniper type covers the higher elevations 

(Glass et al. 1974). Where present, the overstory is pinyon pine 

11 
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Table 1. Ownership and area of land within burns selected for study 

in southeastern New Mexico. 

Ownership Hectares % of Total 

COTTONWOOD BURN (1974) 

Lincoln National Forest 2317 34.8 

Carlsbad Caverns National Park 4127 62.0 

Bureau of Land Management 8 0.1 

State of New Mexico 113 1.7 

Private Land 87 1.3 

Total 6652 100.0 

JOHNSON CANYON BURN (1978) 

State of New Mexico 74 100.0 

GILSON CANYON BURN (1979) 

Lincoln National Forest 9 100.0 

GILSON CANYON BURN (1980) 

Lincoln National Forest 642 100.0 
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(Pinus edulis) and alligator juniper. The remaining vegetation is domi-

nated by shrubs, with forbs and grasses making up the understory. Wavy-

leaf oak, sandpaper oak (Q. pungens), mountain mahogany, desert ceano-

thus, and skunkbush provide the shrub layer, while smooth sotol 

(Dasylirion leiophyllum), lechuguilla (Agave lechuguilla), threeawns 

(Aristida spp.), sideoats grama (Bouteloua curtipendula), and plains 

lovegrass (Eragrostis lugens) are characteristic of the understory. 

Johnson Canyon Burn 

The Johnson Canyon Burn lies 3.7 km east of State Highway 137, 

along Johnson Canyon and 0.3 km south of Johnson Tank. The burn 

covered 74 ha along a ridge running south of Johnson Canyon (Fig. 3). 

Elevations range from 1478.0 m to 1550.0 m along this north-south 

ridge. The fire was started by a lightning strike on July 2, 1978. 

The burn lies within a grazing allotment of the X=Bar Ranch. 

Overstory vegetation is comprised of redberry juniper (Juniperus 

pinchotii), wavyleaf oak, catclaw acacia (Acacia greggii), whereas smooth 

sotol and lechuguilla occur along the upper elevations with redberry juni-

per thinning out on lower slopes of the burn. Mountain mahogany and 

desert ceanothus are more prevalent along the lower edges of the burn. 

Hairy grama (Bouteloua hirsuta), sideoats grama, and threeawns provided 

sparce grass cover. 

1979 Gilson Canyon Burn 

The 1979 Gilson Canyon Burn is at the upper reaches of Gilson and 

1 

Anderson Canyons (Fig. 4). The burn covered 9 ha of fireline, burned 

in the spring of 1979, to be used as a firel~ne for a prescribed burn 

scheduled for later that same year. Conditions did not favor burning 
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in 1979, so the scheduled burn was postponed until June, 1980. 

The burned site lies 2.5 km northeast of the Lincoln National 

Forest administration site and 3.2 km south of the Sitting Bull Falls 

access road, along Gilson and Anderson Canyons. Elevations along this 

fireline range from 1447.8 m to 1681.0 m. 

Overstory vegetation in this burn consists of wavyleaf oak, 

mountain mahogany, redberry juniper, skunkbush, catclaw acacia, and 

scattered desert ceanothus plants. Lechuguilla, smooth sotol, small 

seed sachuista (Nolina micrantha), hairy grama, sideoats grama, curly

leaf mulhy (Muhlenbergia setifolia), and threeawns provide most of 

the understory. 

1980 Gilson Canyon Burn 

The 1980 Gilson Canyon Burn covered 642 ha along Gilson and Ander

son Canyons from Sitting Bull Falls access road to the head of each 

canyon, 2.5 km northeast of the Lincoln National Forest administration 

site (Fig. 4). This prescribed burn was conducted by the U. S. Forest 

Service on June 17, 18, and 19, 1980. Elevation ranged from 1348.7 m 

at the north end of the burn to 1671.9 mat the south end. The area 

is characterized by deep, rocky canyons and long, undulating ridges. 

Vegetation in this burn varies from succulent desert shrub at the 

lower elevations, mountain shrub throughout the central and upper por

tions of the burn to pinyon-juniper at the uppermost edges. The 

burned site has an overstory layer of wavyleaf oak, grey oak (Quercus 

grisea), mountain mahogany, skunkbush, catclaw acacia, and redberry 

juniper. Smooth sotol and lechuguilla make up the understory of 

succulent plants throughout most of the burn, with smallseed sachuista, 
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hairy grama, sideoats grama, curlyleaf muhly, and threeawns making up 

an extensive portion of the understory. 

Climate 

The average yearly precipitation ranges from 362 mrn at Carlsbad 

Caverns National Park to 457 mm at Queen's Station, Lincoln National 

Forest (Fig. 5). Precipitation occurs mainly as summer and fall 

thunderstorms with 70% received between June and October. Winter 

snows occur but do not persist because of warm daytime temperatures. 

Temperatures during the study period ranged from an average daily 

minimum of 2.3°C in the winter to an average daily maximum of 36.3°C 

in the summer (Table 2). High temperatures, along with gusty winds 

common to this ·region, provide for a hot, dry climate throughout the 

study area. 
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Fig. 5. Monthly precipitation, in centimeters, at three locations 
near the Guadalupe Mountains study site. 



Table 2. Monthly m1n1mum and maximum temperatures in degrees C, 
at Carlsbad Caverns National Park. 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Minimum 

oc 

1.7 

2.5 

4.1 

7.7 

13.0 

20.2 

21o0 

18.6 

16.1 

10.0 

4.6 

3.4 

1980 
Maximum 

oc 

14.3 

14.4 

18.6 

21.6 

26.1 

35.9 

35.5 

30.8 

27.0 

21.2 

14.9 

15.5 

Minimum 

oc 

2.3 

3.6 

5.0 

11.1 

13.7 

17.3 

17.9 

16.9 

15.0 

10.7 

1981 
Maximum 

oc 

11.4 

16.3 

16.3 

23.7 

27.2 

33.3 

32.0 

28.1 

26.5 

22.8 

21 
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Four areas burned in 1974 (6-year-old burn), 1978 (2-year-old burn), 

1979 (1-year-old burn), and 1980 (current year burn) were selected as 

sampling sites, along with adjacent unburned vegetation for control 

sampling. The paired sites were chosen with similar vegetative cover, 

elevation, and aspect. Sampling sites between burns were selected 

with similar vegetative cover, elevation range, and aspect. Oak, 

mountain mahogany, and desert ceanothus, established by Krysl (1979) 

as highly preferred ungulate browse, were used for vegetation analysis. 

Pre-burn sampling was conducted on the current year burn and the 

adjacent control from June 13 and June 18, 1980. All subsequent sampling 

on the four burns was conducted after June 19, 1980. Pre-burn sampling 

was conducted on the current year burn and adjacent control to deter

mine pre-burn differences in nutritional levels of the selected browse 

species between the current year burn and its control. 

Samples were collected on previously burned areas at monthly inter

vals from June 1980 through June 1981. Vegetation was sampled on the 

current year burn as soon as adequate new growth of each species was 

available. Once all species were available, a common mid-month 

collection date was used for all sampling sites. Due to the relative 

proximity (100 m) of the current year burn and the 1-year-old burn, 

samples were collected from one adjacent control for comparison with 

both burns. All samples, after drying at 60°C, were ground in a Wiley 

Mill to pass a 40 mesh screen and stored in plastic viles for later 

analysis. 
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All samples were analyzed for percent phosphorus, percent nitrogen, 

and percent in vitro digestibility. Digestible energy, was calculated 

and expressed as kcal/kg of organic matter. Duplicate samples were 

ashed at 550°C for 4 hours with weights recorded. The ashed samples 

were used to estimate percent phosphorus. Ammonium molybdate-metavan

adate (NH4M0304) reagent was used according to A.O.A.C. (1965) pro

cedures to estimate percent phosphorus. 

In vitro digestibility was determined by a modified Tilley and 

Terry (1963) procedure. A medium of McDougall's solution (McDougall 

1948) and steer innocula were added to duplicate samples in incubation 

tubes. Each tube was purged with carbon dioxide (C02) and sealed with 

a bunsen one-way valve to maintain anaerobic conditions. Prepared 

samples were incubated at 39°C for 48 hours. Tubes were gently swirled 

six times during the incubation period to insure complete digestion. 

Mercuric chloride solution was applied to each sample at the end of the 

incubation period to arrest microbial activity. The samples were 

stored at -2°C for later analysis. 

Extraction of organic matter was accomplished by refluxing in a 

neutral detergent solution (Van Soest 1970). Digestible energy was 

estimated from the amount of organic matter removed through microbial 

digestion and neutral detergent extraction using the following formula: 

where: 

DE = ( G - H ) 

( G ) 

(I) (K) 

( J ) 

DE = digestible energy in kcal/kg organic matter 

G = percent organic matter X oven dry weight of sample 

H = weight of undigested organic matter residue after 



24 

in vitro digestion and neutral detergent extraction 

I = known in vitro digestibility of a standard forage 

J = batch in vitro digestibility of a standard forage 

K = constant of 4000 kcal/kg of digestible organic matter. 

A detailed description of the procedure is found in Anderson (1977). 

Production and utilization were estimated using caged and uncaged, 

paired plants as described by Smith and Sheets (1960). Eight pairs of 

each species were selected with similar size and growth form on the 

current year burn and its adjacent control. Each plant was marked 

before prescribed burning with a 1-m length of metal rod and labeled 

with aluminum tape. One plant of each pair was randomly selected after 

burning and caged to prevent utilization. 

Eight paired plants of each species were selected on previously 

burned sites and adjacent controls. A plant of each pair was randomly 

selected and caged to prevent utilization. At the end of the 1981 grow

ing season, all paired plants were clipped at ground level and live 

weight recorded. All samples were placed in a forced air dryer at 55°C 

for 2 weeks and dry weights recorded. 

Composite samples of oak resprouts were collected on the current 

year burn, the 1-year-oldburn, and the 2-year-old burn, to reduce vari

ance between individual oak stems. Four oak stems were clipped with 

the mean stem weight used in the statistical analysis. 

Statistical analysis consisted of a paired t-test be'i:ween burned 

and control nutrient levels, over the study period. Confidence inter

vals (0.90%) were established to graphically illustrate variation. 

If the 90% CI did not overlap, then the data points are stated to be 

different (P < 0.10). 



Desert Ceanothus 

CHAPTER V 

RESULTS 

Phosphorus 

The rapid increase in phosphorus content after the current year 

burn was most pronounced in desert ceanothus. Phosphorus content 

increased from a pre-burn level of 0.08% to a high of 0.43% in Septem

ber, when vegetation was first available for sampling (Fig. 6). Phci·s

phorus concentration was lowest during January and February, followed 

by a gradual increase as new green foliage became available in May. 

Pre-burn phosphorus content from the burn site was the same: as::__its 

control level. Phosphorus content remained high until May, when 

phosphorus fell below control level. Once the initial impact of fire 

on current growth had past and phosphrus content fell to 0.09%, there 

was no difference observed between the current year burn and control. 

There was no pre-burn sampling done on the 1-year-old burn with 

the first samples collected in August. Month-to-month phosphorus 

fluctuations followed the same general trend seen for the control. 

No difference in phosphorus content was observed between burn and 

control. 

The amount of vegetative material available for sampling desert 

ceanothus on the 2-year-old burn was unpredictable. Available plant 

material was provided by seedling growth. Four sampling periods were 

not sampled for lack of sufficient plant material to complete the 

composite sample. Phosphorus content ranged from 0.07 to 0.09% and 

peaked at 0.11% in May. Monthly fluctuations on the burn showed no 

25 
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Fig. 6. Comparison of monthly phosphorus content, with 90% confi
dence intervals, in desert ceanothus collected from a current 
year burn, 1-year-old burn, 2-year-old burn, 6-year-old burn, 
and their respective controls 
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difference from control levels. 

Phosphorus content on the 6-year-old burn was similar to its 

control. An October sample was not collected due to access restric

tions to the area caused by flooding. Phosphorus content on the burn 

ranged from 0.07 to 0.09% before increasing in May. Control phosphorus 

content followed the same trend seen on the burn with no difference 

observed between burn and control. 

Post-bum yearly averages of 0.14 and 0.09% phosphorus were cal

culated for the current year burn and control, respectively. Averages 

calculated for the 1-year-old-burn, the 2-year-old burn, and the 6-year

old burn were 0.09, 0.08, and 0.09% phosphorus, respectively. There 

was no difference between burned sites and their respective controls. 

Mountain Mahogany 

The impact of the current year burn on mountain mahogany resprouts 

was evident during the entire study. Phosphorus increased to 0.26% 

in resprouts first available for sampling in September (Fig. 7). Pre

burn phosphorus content of mountain mahogany was 0.09%. Phosphorus 

content dropped to 0.12% in November, two months after resprouting, 

then increased during spring greenup. Samples collected from the burn 

remained higher than control levels throughout the sampling period, 

whereas pre-burn levels were similar for both. 

Phosphorus content on the 1-year-old burn, the 2-year-old burn, 

and the 6-year-old burn increased to spring time highs of 0.13, 0.16, 

and 0.12%, respectively. Control samples followed the same general 

trend seen for all three burned sites. Overall, there was no difference 

between the burns and their respective controls. 
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Post-bum yearly averages calculated for the current year burn 

and its control were 0.16 and 0.10%, respectively. Averages calculated 

for the 1-year-old burn, the 2-year-old burn, and the 6-year-old burn 

were 0.10, 0.09, and 0.09%, respectively. Control site averages were 

the same as their respective burned site averages for all burns except 

the current year burn. 

Oak 

The impact of the current year burn on the phosphorus content of 

oak was evident until the spring growing season. Phosphorus increased 

from a pre-burn level of 0.09 to 0.20% in root sprouts, first available 

for sampling on August 1, 1980, 6 weeks pos~burn (Ft~ 8) .. Phosphorus 

decreased through the fall and winte~ then increased to a springtime 

high of 0.17% in April. Burned site phosphorus content remained higher 

than control levels throughout most of the study period. 

Phosphorus content on the 1-year-old burn remained below 0.11% 

until April, when it reached its springtime high. No difference was 

found between burn and control site phosphorus content. 

Phosphorus content for the 2-year-old burn peaked at 0.14% in 

September before declining through the winter. Phosphorus increased 

sharply to 0.31% as leaf growth occurred in the spring. Phosphorus 

declined in June as leaf material matured. Control samples followed 

the same trend as seen on the burn with overall burned site phosphorus 

content remaining consistently higher than control levels. 

Phosphorus content on the 6-year-old burn increased to 0.12% in 

September with a break in the data during the October sampling period. 

New leaf growth provided an increase in phosphorus content to 0.23% in 
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April followed by a decline as current year's growth matured. Control 

samples showed less change during the September sampling period than 

was seen on the burn. Phosphorus content remained at or below 0.10% 

until March, then increased during spring greenup. Overall, there was 

no difference between burn and control phosphorus contents. 

Yearly post-burn averages for the current year burn and control 

were 0.13 and 0.09%, respectively. The difference was distributed 

over the entire study period showing that burning was effective until 

the following growing season. Averages for the !-year-old burn and 

its control were both 0.09%, while the difference between the 2-year-

old burn, the 6-year-old burn, and their respective controls was 0.01%. 

The effects of fire on phosphorus content was not evident beyond 

one-year post burn. 

Crude Protein 

Desert Ceanothus 

Desertceanothus increased in crude protein content following the 

current year burn. Crude protein increased from a pre-burn level of 

8.0% to 23.5% in September (Fig. 9), when vegetative regrowth was first 

available for sampling. Crude protein levels declined over the next 2 

months to its lowest point of the study. An increase in crude protein 

during spring greenup did not occur on the current year burn. Crude 

protein content from the burned site remained at or above control levels 

for most of the study period. Overall, there was a difference between 

burn and control site crude protein content. 

Crude protein on the !-year-old burn remained steady throughout 

tl1e entire study period. The characteristic sharp increase in crude 
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Fig. 9. Comparison of monthly crude protein content, with 90% confi
dence intervals, in desert ceanothus collected from a current 
year burn, 1-year-old burn, 2-year-old burn, and their 
respective controls 



protein was not observed during spring greenup as was seen on the 

control. There was no evidence of fire influence on crude protein 

levels beyond the first year of regrowth. 
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Crude protein levels for the 2-year-old burn showed no dif

ference between burn and control site samples. Lack of vegetative 

material during the February and March collection periods left gaps 

in the data and reduced the ability to determine seasonal trends. 

Crude protein increased as new spring growth became available in May. 

Crude protein content for the 6-year-old burn remained static 

prior to spring greenup, when crude protein increased to a high of 11%. 

No difference was observed between the burn and control crude protein 

levels. 

Yearly post-burn averages for the current year burn and control 

were 11.5 to 9.0%, respectively. Estimates used to calculate average 

crude protein content were skewed toward the sampling periods immediate

ly following the current year burn. Fire effects on crude protein 

content were reduced from 23.5 to 7.0% within 60 days after plant 

material became available for sampling. Averages calculated for the 

1-year-old burn, the 2-year-old burn, and the 6-year-old burn showed 

less than a 0.5% difference in average yearly crude protein. There 

was no evidence of fire impact on crude protein content of desrt 

ceanothus after the first year of regrowth. 

Mountain Mahogany 

The effects of the current year burn on mountain mahogany were 

evident until the following spring. Crude protein increased from a 

pre-burn level of 9.0% to 17.0% (Fig. 10). Crude protein content 
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year old burn~ and their respective controls 
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declined through late fall and winter as plant material matured. 

Control values showed little fluctuation until spring greenup. Crude 

protein increased to 11.5% in May as new growth occurred. Crude 

protein estimates found on the burn were higher than control levels 

prior to spring greenup. There was no difference between burn and 

control protein content during the May and June sampling periods. 

Crude protein estimates for the 1-year-old burn, the 2-year-old 

burn, and the 6-year-old burn increased to springtime highs of 11.5, 

13.5, and 9.0%, respectively. The characteristic increased in crude 

protein during spring greenup on the 6-year-old burn was not as evident 

as was seen for the 1-year-old and 2-year-old burns. There was no 

difference in crude protein content observed between burn and control 

site samples. 

Post-burn yearly averages for the current year burn and control 

were 13.0 and 9.5%, respectively. The impact of fire on samples col

lected from the current year burn were spread over all sampling periods. 

Yearly averages calculated for the 1-year-old burn, the 2-year-old burn, 

the 6-year-old burn, and their respective controls showed no differences 

between burn and control protein content. 

Oak 

Oak crude protein was the least affected by the current year burn. 

Crude protein increased from a pre-burn level of 8.5 to 11.0% in oak 

resprouts, first available in August, 6 weeks post-bum (Fig. 11). 

Post-burn crude protein peaked at 12.0% in September then steadily 

declined. Crude protein increased during spring greenup as new plant 

gro.wth became available. Crude protein contents found on the burn 
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stayed above their respective controllevelsprior to the February 

sampling period but as spring greenup approached, differences were 

reduced. Overall, there was a difference between the burn and control 

crude protein content. 

Crude protein content on the 1-year-old burn, the 2-year-old burn, 

and the 6-year-old burn increased to 10.0, 18.0, and 12.5%, respectively, 

during spring greenup. Some evidence of increased crude protein was 

also seen during the fall rainy season on all burn and control sites. 

There was no difference observed between burn and control crude protein 

levels beyond one year post-bum. 

The average crude protein content in oak was calculated for all 

burned sites and their respective controls. Averages calcu1aned for 

the current year burn and control were 9.5 and 8.0%, respectively. 

There was no difference in yearly average between the 1-year-old burn, 

the 6-year-old burn, and their respective controls, with only a 0.5% 

difference between the 2-year-old burn and control. 

Digestible Organic Matter/Digestible Energy 

The amount of digestible energy calculated for each target species 

is directly correlated to percent digestible organic matter. The 

results of digestible energy analysis follow the same graphic configu

ration as seen for digestibility, with the verticle axis on a different 

scale. The correlation between digestible energy and di&estibility 

enables the use of only brief descriptions of significant change in 

energy levels for each target species. 

Desert Ceanothus 

The change in digestible organic matter following the current year 
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burn was greatest for desert ceanothus. Digestibility rose from a pre-

burn level of 51 to 80% in September (Fig. 12). Digestibility fell 

from 80% to a low of 46% after the total initial impact of the burn 

had past. Month-to-month fluctuations were erratic for most of the 

study period, obscuring the impact the current year burn had on the 

digestibility coefficients of desert ceanothus regrowth. The general 

trend of digestibility coefficients was a steady decline through the 

dormant period, into spring. Control measurements were less erratic 

in nature. Pre-burn digestibility on the control was 48% which is 

similar to burned site levels. Digestibility levels found on the burn 

were higher than control levels. 

Digestibility levels on the 1-year-old burn fell to a low of 49% 

in March before increasing during spring greenup. Digestibility 

trends were similar between the burn and control with no difference 

observed between burn and control digestibility levels. 

Digestibility results on the 2-year-old burn followed an irregular 

pattern during the course of the study. Digestibility increased in 

October, then declined. Gaps in the data for February and March pre

vented the determination of digestibility trends for late winter and 

spring. The digestibility level of 60% in the April collection period 

was the result of one sample. Digestibility of samples from the control 

lacked a distinctive pattern or trend. No difference was observed 

between the burn and control digestibility levels. 

Digestibility levels estimated for the 6-year-old burn were less 

variable than were seen on other burned sites. Pre-burn digestibility 

increased from 50% in the fall to 55% in December. Digestibility 
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Fig. 12. Comparison of digestible organic matter content, with 90% 
confidence intervals, in desert ceanothus collected from a 
current year burn, 1-year-old burn, 2-year-old burn, 6-
year-old burn, and their respective controls. 
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steadily decreased prior to spring greenup, then increased to 54% as 

new growth material became available. Digestibility trends were 

similar throughout the sampling period with no difference observed 

between the burn and control. 

Digestible energy levels for desert ceanothus followed the same 

general trends as was seen for digestible organic matter (Fig. 13). 

Mean yearly energy levels following the current year burn were higher 

than control levels, while energy levels on the 1-year-old burn, the 

2-year-old burn, and the 6-year-old burn were no different than control 

levels. 

Mountain Mahogany 

The impact of the current year burn on digestibility was felt 

over all sampling periods. Digestibility increased from a pre-burn 

level of 60 to 74% in September (Fig. 14), when new regrowth was first 

available. Digestibility decreased through the fall and winter, then 

increased to 63% during spring greenup. Digestibility levels for the 

control fluctuated erratically during the course of the study with 

levels at their highest points in October and November. Digestibility 

levels remained higher on the burn than the control. 

Digestibility on the 1-year-old burn, the 2-year-old burn, and 

the 6-year-old burn peaked at 60, 67, and 63%, respectively, during 

spring greenup. Digestibility levels on all three burn and control 

sites showed irregular patterns of month-to-month fluctuations but 

overall, there was no difference between digestibility levels found 

on the burn and control. 

Digesti~le energy levels for mountain mahogany followed the same 
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Fig. 14. Comparison of digestible organic matter content, with 90% 
confidence intervals, in mountain mahogany collected from 
a current year burn, 1-year-old burn, 2-year-old burn, 
6-year-old burn, and their respective controls 
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general trends as was seen for digestible organic matter (Fig. 15). 

Energy levels following the current year burn were higher than control 

levels while energy levels on the 1-year-old burn, the 2-year-old burn, 

and the 6-year-old burn were no different than control levels. 

Oak 

The digestibility 0f oak was less affected by the current year 

burn than for the other target species mentioned. Digestibility on the 

burn increased from a pre-burn level of 42% to a post-burn high (58%) 

in September (Fig. 16), five weeks after resprouts first became 

available for sampling. Digestibility steadily decreased to a low 

in May following the initial post-bum increase. Control levels in

creased from a pre-burn level of 42% to 52% in October before declining 

in May and June. Digestibility remained higher on the burn throughout 

most of the study period. 

Digestibility levels for the 1-year-old burn, the 2-year-old burn, 

and the 6-year-old burn gradually declined through the fall and winter 

after a high during the fall rainy season. Digestibility increased 

during spring greenup as new growth material became available. Diges

tibility levels showed no difference between each burn and its respec-

tive control. 

Digestible energy levels for oak followed the same general trends 

as was seen for digestible organic matter (Fig. 17). Energy levels 

following the current year burn were higher than control levels while 

on the 1-year-old burn, the 2-year-old burn, and the 6-year-old burn 

were no different than control levels. 
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Fig. 15. Comparison of digestible energy levels, with 90% confidence 
intervals, in mountain mahogany collected from a curret 
year burn, 1-year-old burn, 2-year-old burn, 6-year-old 
burn, and their respective controls 
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Fig. 16. Comparison of digestible organic matter content, with 90% 
confidence intervals, in oak collected from a current year 
burn, 1-year-old burn, 2-year-old burn, 6-year-old burn, and 
their respective controls. 
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Fig. 17. Comparison of digestible energy levels, with 90% confidence 
intervals, in oak collected from a current year burn, 1-
year-old burn, 2-year-old burn, 6-year-old burn, and 
their respective controls 
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Production/Utilization 

Desert Ceanothus 

The use of caged and uncaged plants to determine the production 

and utilization of selected browse species was moderately successful. 

The inability of desert ceanothus to survive and reproduce vegetatively 

was realized after the current year burn had occurred. All individual 

desert ceanothus plants pre-selected for study were completely consumed 

by fire or standing vegetation killed. No growth on these plants 

occurred during the study. Only two individual plants responded vege

tatively after being consumed by fire. Seedling production was observed 

in scattered areas throughout the burn the following spring. Caging of 

desert ceanothus on the burn was limited to a single pair. Both plants 

were products of vegetative regeneration. Total biomass produced, on a 

dry weight basis, was 12.0 and 6.0 g for the caged and uncaged plants, 

respectively (Fig. 18). Control biomass for mature desert ceanothus 

was 540.2 and 491.6 g for caged and uncaged plants, respectively. Oven 

dry biomass ranged from 229.0 to 1672.0 g for the caged and 239.0 to 1431.0 g 

for the uncaged plants, respectively. There was no significant (P~0.10) 

difference between caged and uncaged plants. 

Paired plants on the 1-year-old burn were a combination of seed

lings and mature plants that survived the 1979 prescribed burn. Mature 

plants produced new aerial shoots on the surviving live branches and 

also retained portions of the original vegetation. The average biomass 

of these plants was 204.5 and 255.6 g for caged and uncaged plants, 

respectively. Plant biomass ranged from 32.0 to 693.0 g for the caged 

plants and 232.0 to 1172.0 g for the uncaged plants. There was no signi-
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ficant (P~.10) difference between caged and uncaged plants. 

Paired plant samples on the 2-year-old burn were produced by seed 

regeneration. The average biomass was 27.1 and 11.1 g for caged and 

uncaged plants, respectively. Biomass ranged from 1.0 to 126.0 g for 

caged plants and 0.5 to 33.0 g for uncaged plants, respectively. One 

pair was larger than the average because it was produced by vegetative 

regrowth. Disregarding this one pair would drop the average biomass 

to 13.0 and 8.0 g for caged and uncaged plants, respectively. Biomass 

range would drop to 1.0 and 34.0 g for caged plants while decreasing to 

0.5 and 19.0 g for the uncaged plants. There was no signficant (Ps0.10) 

difference between caged and uncaged plants. 

Control plants averaged 562.8 and 751.6 g for the caged and uncaged 

plants, respectively. Caged plants ranged from 193.0 to 206.6 g while 

uncaged plants ranged from 39.0 to 1420.0 g. The difference between 

caged and uncaged plants was due to several pairs having different total 

biomass. 

The 6-year-old burn presented several unique problems during this 

study. Plants selected at the beginning of the study were lost to a 

wildfire that started on the study site during the summer of 1980. The 

1980 wildfire reduced the selection of plants that could have been used 

for pairing. Desert ceanothus was affected most due to its low avail

ability. The sampling site was limited to a fraction originally selected. 

Burn and control were limited to a rugged, rocky ridge line that escaped 

the wildfire. Caging became impractical in the control site due to the 

large size of mature plants and rough topography. 

Paired plants from the 6-year-old burn averaged 362.6 and 366.4 g 
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plants and 32.0 to 1172.0 g for the uncaged plants. There was no signi-

ficant (Ps0.10) difference between caged and uncaged plants. 

Paired plants sampled on the 2-year-old burn were produced by 

seed regeneration. The average biomass was 27.1 and 11.1 g for caged 

and uncaged plants, respectively. Biomass ranged from 1.0 to 126.0 g 

for caged plants and 0.5 to 33.0 g for uncaged plants, respectively. 

One pair was larger than the average because it was produced by vege-

tative regrowth. Disregarding this one pair would drop the average 

biomass to 13.0 and 8.0 g for caged and uncaged plants, respectively. 

Biomass range would drop to 1.0 and 34.0 g for caged plants while decreas-

ing to 0.5 and 19.0 g for the uncaged plants. There was no significant 

(Ps0.10) difference between caged and uncaged plants. 

Control plants averaged 562.8 and 751.6 g for the caged and un-

caged plants, respectively. Caged plants ranged from 193.0 to 206.6 g 

while uncaged plants ranged from 39.0 to 1420.0 g. The difference 

between caged and uncaged plants was due to several pairs having differ-

ent total biomass. 

The 6-year-old burn presented several unique problems during this 

study. Plants selected at the beginning of the study were lost to a 

wildfire that started on the study site during the summer of 1980. 

The 1980 wildfire reduced the selection of plants that could have been 

used for pairing. Desert ceanothus was affected most due to its low 

availability. The sampling site was limited to a fraction originally 

selected. Burn and control were limited to a rugged, rocky ridge line 

that escaped the wildfire. Caging became impractical in the control 

site due to the large size of mature plants and rough topography. 

Paired plants from the 6-year-old burn averaged 362.6 and 366.4 g 
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for caged and uncaged plants, respectively. Biomass ranged from 42.0 

to 973.0 g for caged plants and 67.0 to 886.0 for uncaged plants. 

There was no significant (P~O.lO) difference between caged and uncaged 

plants. 

Mountain Mahogany 

Mountain mahogany presented no problems in its ability to survive 

the current year burn. Mountain mahogany resprouted vigorously, with 

no losses among paired plants. Some losses of mountain mahogany were 

seen for plants that were not selected for study when the original 

' plant was totally consumed by fire. These plants may eventually regrow 

if the root crown was not totally killed. 

Average biomass for mountain mahogany on the current year burn was 

83.0 and 114.5 g for caged and uncaged plants, respectively (Fig. 19). 

Values ranged from 27.0 to 177.0 g for caged plants and from 22.0 to 

310.0 g for uncaged plants. There was no significant (P~O.lO) difference 

between caged and uncaged plants. The average biomass found on the 

control was 1241.5 and 1290.0 g for caged and uncaged plants, respec-

tively. Caged plants ranged from 557.0 to 1770.0 g while uncaged plants 

ranged from 684.0 to 1995.0 g. 

The average amount of biomass produced on the !-year-old burn was 

324.3 and 268.4 g for caged and uncaged plants, respectively. Biomass 

ranged from 206.0 to 504.0 g for caged plants and from 105.0 to 483.0 

g for uncaged plants. Production after burning more than doubled 2 

years after the burn. 

The average biomass produced on the 2-year-old burn was lower than 

the average biomass found on the !-year-old burn. The average biomass 
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Fig. 19. The average dry weight (g) of caged and uncaged mountain mahogany plants collected on four different aged burns (current year - CY, 1, 2, and 6-year-old burns) and 
their respective controls (C) 
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was 152.0 and 107.3 g for caged and uncaged plants, respectively. Bio-

mass ranged from 17.0 to 416.0 g for the caged plants and from 11.0 to 

255.0 g for uncaged plants. There was a significant (P~0.10) differ

ence between caged and uncaged plants on the 2-year-old burn. No 

signs of use were seen on the uncaged plants. Control site biomass was 

smaller than was found on the control site of the 1-year-old burn. The 

average biomass was 758.1 and 601.9 g for caged and uncaged plants, 

respectively. Biomass ranged from 148.0 to 1471.0 g for caged plants 

and from 184.0 to 1127.0 g for uncaged plants. 

Biomass on the 6-year-old burn was less than biomass found on the 

1-year-old burn. Average biomass on the burn was 268.6 and 213.6 g for 

caged and uncaged plants, respectively. Biomass ranged from 74.0 to 

497.0 g for caged plants and from 42.0 to 438.0 g for uncaged plants. 

There was no significant (P~0.10) difference between caged and uncaged 

plants. 

Oak 

The average biomass of an oak stem produced after the current year 

burn was 14.7 and 9.8 g for caged and uncaged stems, respectively (Fig. 

20). Biomass ranged from 8.5 to 26.3 g for caged stems and from 7.8 to 

13.8 g for uncaged stems. There was a significant difference (P~0.10) 

between caged and uncaged stems. Control site biomass was 346.0 and 

311.2 g for caged and uncaged stems, respectively. Biomass ranged from 

256.0 to 597.0 g for caged stems and from 182.0 to 511.0 g for uncaged 

stems. There was no significant (P~0.10) difference between caged 

and uncaged plants on the control site. 

Foraging by deer on new oak resprouts was observed on several 
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occasions. Physical evidence of grazing on oak stems was prevalent 

throughout the study site. Grazing was assumed to be restricted to 

wildlife since all domestic livestock was fenced from the burn for 
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the duration of the study. Observed foraging by deer was concentrated 

on new, succulent shoots that were emerging after the fire. 

Oak samples collected on the 1-year-old burn were also composites 

of 4 stems. The average stem biomass found on the burn was 45.8 and 

42.4 g for caged and uncaged plants, respectively. Biomass ranged 

from 21.8 to 63.8 g for caged plants and from 24.3 to 76.3 g for un

caged plants. There was no significant (P~0.10) difference between 

caged and uncaged oak plants. 

Composite samples of oak stems collected from the 2-year-old burn 

had a smaller biomass than was found on the 1-year-old burn. Average 

biomass was 14.2 and 11.6 g for caged and uncaged plants, respectively. 

Biomass ranged from 9.0 to 22.5 g for caged plants and from 6.0 to 

15.3 g for uncaged plants. No significant (P~0.10) difference was 

seen between caged and uncaged plants. Control site biomass was 

similar to biomass estimated on the control for the 1-year-old burn. 

Average biomass was 382.4 and 384.9 g for caged and uncaged plants, 

respectively. Biomass ranged from 159.0 to 850.0 g for caged plants 

and from 136.0 to 778.0 g for uncaged plants. There was no signifi

cant (PS0.10) difference between caged and uncaged plants. 

Average biomass values on the 6-year-old burn were expectedly 

higher than values found in the previous burned sites. Average biomass 

on the burn was 115.3 and 77.8 g for caged and uncaged plants, respec

tively. Biomass ranged from 30.0 to 309.0 g for caged plants and from 

32.0 to 138.0 g for uncaged plants. There was a significant (P~0.10) 
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difference between the caged and uncaged oak plants. 

Utilization was calculated only for oak because its uniformity in 

regrowth provided consistent utilization data between caged and uncaged 

plants. Differences between caged and uncaged plant production was 

assumed to be the result of wildlife use because all livestock grazing 

was prohibited on the area during the course of the study. 

Average dry weight on the current year burn for caged and uncaged 

plants was 14.7 g and 9.8 g, respectively. This was a difference of 

33% between caged and uncaged production. Dry weight production for 

caged and uncaged plants on the 1-year-old burn was 45.8 and 42.4 g, 

respectively, which is a difference of 7%. Dry weight produced on the 

2-year-old burn was 15.2 and 11.6 g, with caged plants being 21% higher 

than uncaged plants. The average dry weight on the 6-year-old burn 

was 115.3 and 77.8 g for caged and uncaged plants, respectively, which 

is a 33% difference. 

Utilization on the control sites had similar results between con

trol sites sampled. The common control site for the current year burn 

and the 1-year-old burn had caged and uncaged production of 346.0 and 

311.2 g, respectively, for a difference of 10%. Control site produc

tion for the 2-year-old burn was 382.4 and 384.9 g for caged and uncaged 

plants, respectively. There was virtually no difference between caged 

and uncaged production. 

Comparing dry weights for all target species by burned site shows 

a definite pattern in plant production. Dry weights for each species 

found on the 2-year-old burn fell below what was expected (Fig. 21). 

This unexpected reduction in dry weight for all species on the 2-year

old burn was most pronounced for desert ceanothus. Production of 
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mountain mahogany on the 6-year-old burn was also lower than expected. 

Caged and uncaged mountain mahogany plants from the 6-year-old burn 

were 17 and 20%, respectively, lower than regrowth from the 2-year

old burn. 
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The use of prescribed burning. as a management tool is based on its 

ability to alter quality, quantity, and availabili~y of a forage species. 

Quality of preferred browse occurs on the production of young shoots 

which are more succulent and abundant than old growth material 

(Asherin 1973, Regelin and Wallmo 1978). The production of preferred 

browse species is generally higher after burning, along with increased 

accessibility (Bailey and Hines 1971, Ffolliott and Thill 1977, 

Fitzhugh et al. 1978, Lowe et al. 1978). 

Quality of post-bum, browse regrowth in this study was shown to 

be short lived, with only short term nutritional benefits. DeWitt 

and Derby (1955) found similar results for protein contents in round

leaf greenbriar (Smilax rotundifolia), red maple (Acer nubrum), and 

flowering dogwood (Comus florida) foliage. They found crude protein 

to be significantly higher in the season following a low-intensity fire 

but no effects the second season. However, a high intensity fire 

produced significant increases in the previous species mentioned plus 

oak (Quercus alba), with effects still apparent at the end of two years. 

Meneely and Schemnitz (1981) found no signficant difference between 

burned and unburned sites for crude protein, phosphorus, and in vitro 

digestibility three years after a wildfire in the Lincoln National 

·Forest, New Mexico. They also found highly significant interactions, 

indicating fire effects vary with the species, or plant part and season 

collected. They stated, however, that at the time of sampling it was 

doubtful that the differences found were of nutritional significance 
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to the local deer population. Taber and Dassrnann (1958) showed that in 

California chaparral, fire effect on nutrient content does not last 

for more than one to three years. 

Differences in response to fire by evergreen shrubs versus 

deciduous shrubs were also observed in the results of this study. 

Mountain mahogany and desert ceanothus, both evergreen shrubs, responded 

to a greater extent than the deciduous oak. Meneely and Schemnitz (1981) 

pointed out that seasonal differences in the oaks were much more pro

cl 
nounced than the evergreen shrubs that were samples. This was also 

found in the present study. Seasonal peaks in nutrient content in fall 

and spring were much more pronounced in oak than in desert ceanothus or 

mountain mahogany. However, a response to burning was less apparent 

than for desert ceanothus and mountain mahogany. DeWitt and Derby 

(1955) found that crude protein content in oak was unaffected by low 

intensity fire and to a lesser degree by high intensity fire. Short 

et al. (1966) found that in deciduous species the percentage of dry 

matter, crude fat, and caloric content varied from high autumn-winter 

levels to low summer values with protein and phosphorus varying from 

low autumn-winter levels to high spring-summer values. Evergreen 

shrubs on the other hand had less pronounced seasonal fluctuations. 

The impact the current year burn had on the nutritional content 

of desert ceanothus was most apparent in regrowth material, two months 

post-bum. The sharp decline following the September peak may be an 

indication of rapid maturation of the new desert ceanothus regrowth 

material with added environmental pressures of the oncoming winter 

season. The decline was found for all nutritional components analyzed 

so losses due to water and wind erosion, though detrimental to non-
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volitalized elements like phosphorus, may not provide the answer for 

the rapid decline. The sources of sampling material for desert ceano

thus, however, may have caused the irregularities following the current 

year burn. Samples were collected from new aerial shoots, but if 

sufficient material wasn't available, recent growth shoots on existing 

branches that survived the fire were used. Low nutrient levels esti

mated for November, January, and February may be the result of this 

sampling problem. 

No apparent evidence of past burning activity was seen on the 

nutritional contents in mountain mahogany samples beyond one year post

burn. Nutrient content of samples collected on the 1-year-old burn, 

the 2-year-old burn, and the 6-year-old burn all followed the character

istic seasonal fluctuation patterns found on each burn's respective 

control site. Mountain mahogany was a prolific resprouter after the 

1980 prescribed burn with no specific sampling problems. 

The use of paired, caged and uncaged, plants to determine pro

duction and utilization was limited because variability between indi

viduals of each pair was too unpredictable to accurately match paired 

plants. The fire response of individual plants was an additional 

source of variation between pairs. Plants that were carefully selected 

before burning showed unpredicted differences in growth. Production 

and utilization data were difficult to obtain for desert ceanothus. 

White (1969) pointed out that sprout production and survival vary 

among species and initial class of damage. The pattern of scattered 

understory and shrub patches caused the current year prescribed burn 

to have varying degrees of fire coverage. Desert ceanothus plants, 

which are highly susceptable to fire (Pond and Cable 1960; Vogl and 
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Schorr 1972) were totally consumed by fire. Few seedlings were located 

near the end of the study. Oak and mountain mahogany had high survival 

rates. 

Utilization results for oak on the current year burn showed the 

reduction of growth after utilization and not the actual amount of use. 

All personal observations on oak use occurred when stems were actively 

growing and when twigs were browsed by deer, stem growth still occurred 

with lateral shoots replacing the browsed terminal shoot. Utilization 

by deer was not calculated due to the lack of congregating by deer on 

the burned sites. Smith and Sheets (1960) pointed out that concentra

tions of animals and separation of wildlife and livestock are required 

for paired caging to work adequately. 

Increased utilization of burned sites by deer has been observed 

by several rese~rchers (Clary 1972, Dealy 1975, Short et al. 1977, 

Wood 1977). Increases in deer numbers were seen when adequate cover 

was provided in the vicinity of the burn. Forty percent or more of 

escape cover was established as a minimum amount required (Wood 1977). 

Steuter and Wright (1980), however found that deer numbers did not 

increase with the opening of dense shrub cover. The lack of evidence 

of browsing by deer on the different aged burns may be due to the lack 

of cover over large expanses following the fires. The amount of edge/ 

area of burn is important for establishing feeding areas for deer. 

Feeding areas should be no larger than 30 to 200 m in diameter for 

maximum deer use (McCullock 1974, Klebenow and Beall 1977). 

Fire could be more effective as a tool for wildlife habitat produc

tion if prescribed burns were conducted throughout the mountain shrub 

community and were smaller in size. Openings of up to 5 hectares 



63 

would provide forage in a close vicinity of cover. Larger areas 

could be burned if islands of brush cover were left throughout the 

prescribed burn. This would make available, recently burned sites in 

a size class that would be more effectively used by mule deer, with 

nutritional increases after burning better utilized. 

' Smaller prescribed burns have advantages over a set burn wildfire 

policy. Location and configuration of prescribed burns, along with 

size may be better controlled if preparations are made before hand. A 

rotation of prescribed burns on an annual basis would provide nutri-

tious, available browse to a larger proportion of the local deer popu-

lation during critical periods of the season. 
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CHAPTER VII 

SUMMARY AND CONCLUSIONS 

Fire had a definite impact on the nutrient levels found in desert 

ceanothus, mountain mahogany and oak. Phosphorus levels rose sharply 

in new regrowth followed by a decline through the fall and winter as 

the sprouts entered dormancy. Crude protein increased sharply in desert 

ceanothus and mountain mahogany after the current year burn, but high 

post-bum crude protein levels declined within 60 days after the pre-

scribed burn. Crude protein levels in oak responded differently by 

increasing gradually to a post-bum maximum in October, two months 

after it was available for collection, then declined through the fall 

and winter until the increase during the spring greenup. Digestible 

energy and digestible organic matter levels increased rapidly in desert 

ceanothus, mountain mahogany, and oak then declined, displaying irregular 

fluctuations through the collection year. The 1-year-old burn, the 

2-year-old burn, and the 6-year-old burn showed no fire impact on nutrient 

content between burn site and control. Burned site nutrient content 

followed control site seasonal fluctuations with nutritional peaks 

occurring during the September-October, rainy season and April-May, 

spring greenup. 

Production data was collected at the end of 12 months of regrowth 

on the current year burn along with sampling from all older aged burns 
~ 

and control sites. 

Total average dry weight production of caged plants following the 

current year burn was 12.0, 83.0, and 14.7 g for desert ceanothus, 

mountain mahogany, and oak, respectively. Total average dry weights 

for uncaged plants were 6.0, 114.5, and 7.8 g, respectively. Dry weight 
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production on the burned sites fell short of control dry weight levels. 

The effect of fire on the nutrient levels of desert ceanothus, 

mountain mahogany, and oak was short lived. Nutrients increased 

sharply after fire but were not evident at the beginning of the second 

growing season. The benefits of increased nutrients in these preferred 

browse species would be substantial, on a population basis, if deer 

were to utilize these areas after burning and if regrowth vegetation 

available were for browsing during the time frame of increased nutri

tional values. 
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