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ABSTRACT 

The effects of fire oa vegetation in the upper encinai woodlands, Santa 

Catalina Mountains, southeastern Arizona, were studied following a wildfire 

in July 1995. Similar unbumed and burned sites were compared to 

determine differences (alpha = .05) for fi-equency, density, and percent cover 

of herbs, shrubs, and trees throu^ observations made during early June of 

1997 and 1998 (two and three years postfire). For herbs, which showed their 

opportunistic characters, differences existed for fi'equency and percent cover 

each year and density in the third year. For shrubs, due to the ability of the 

dominant species, Arctostaphvlos pungens (pointleaf manzanita), to rapidly 

reseed itself, no differences existed for fi-equency or density each year; but 

total mortality of mature pungens resulted in differences for percent cover 

each year. For trees, due to the abihty of Ouercus spp. to vigorously stump 

sprout, no differences existed for frequency, density, or percent cover each 

year. 
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CHAPTER ONE 

INTRODUCTION 

Ample historical and physical evidence supports the contention that fire 

has been a major influence on the ecosystems of southeastem Arizona. 

Documentation indicates that the semi-desert grasslands were regularly and 

broadly burned both naturally and through human intervention. Due to the 

prevailing aridity which lessens the rate of deterioration of organic matter, 

detailed fire histories have been preserved and subsequently deciphered, 

revealing extensive and regular firing for the more elevated coniferous 

communities within the Madrean Archipelago. Far less is known about fire 

regimes within the mid-elevation pine-oak forests and woodlands of the 

Madrean Archipelago, but fire regimes at these elevations are inferred to be 

similar to those found above and below due to lack of fire barriers between 

these different communities historically. 

Overgrazing in the late 1800s, resulting in the removal of fine fiiels and 

fire suppression in the twentieth century, drastically curtailed the functioning 

of these historic fire regimes. Human attempts to preserve an important but 

somewhat fragile resource has led to multiple unintended consequences: 



overstocked monocultured forest communities with excessive fuel loads and 

inadequate reproduction, rendered susceptible to disease and insect 

infestations; decadent, unproductive shrablands consisting of impenetrable 

thickets; and stagnated grasslands invaded by woody shrubs. Such 

consequences have brought about the mcreased opportunity for holocaustic 

fires in forests and shiublands which were practically unknown in the past, 

and the near cessation of fires within grasslands which were historically 

maintained by its firequent extensive presence. Bennett and Kunzmann (1992) 

indicated so little is known about fire in Madrean ecosystems in general, and 

of Madrean evergreen forests and woodlands in particular, that enough detail 

does not presently exist to warrant the use of prescribed fire to obtain 

ecological objectives. McPherson (1992) cautioned against inaction in the 

reintroduction of fire into Madrean evergreen forests and woodlands, 

reasoning that although the lack of pertinent information is a serious problem, 

regular and extensive fire is the "natural" condition which should not be 

excluded due to insufiBcient knowledge. It is hoped that this thesis will 

contribute to the body of knowledge concerning the ecological effects of fire 

in the Madrean evergreen woodland. 
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This case study was conducted in the upper encinal woodland of the 

Santa Catalina Mountains of southeastern Arizona following a lightning-

caused wildfire in My 1995. Differences in fivquency of occurrence, 

density, and percent cover of herbaceous plants, shrubs, and trees were 

determined. For comparison purposes, observations were made of a burned 

site (the treatment) and an adjacent, similar unbumed site (a control) during 

late May and early June of 1997 and 1998 (two and three years postfire); due 

to the similarity of these two sites it was assumed that differences could be 

attributed to the effects of fire. 



CHAPTER TWO 

LITERATURE REVIEW 

Pf .ANT ZONATfON SYSTEMS DESTRIBINr. THE MADRRAN SKY 

ISf.AND ARrHTPRrAr.O 

Much is known about the plant distribution patterns of the Santa 

Catalina Mountains of southeastern Arizona, and by extension of the 

Madrean Sky Island Archipelago, due to the extensive gradient analyses that 

has taken place there (Shreve 1915; Whittaker and Niering 1964, 1965, 

1968a, 1968b, 1975; Whittaker et al. 1968; Niering and Lowe 1984). 

Shreve's seminal work (1915) describing the vegetation gradient of the Santa 

Catalinas is noteworthy, and all the more remaricable since it was undertaken 

on horseback and foot between 1908 and 1915. The classic studies of 

Whittaker and Niering, beginning in the 1960s, took advantage of the easy 

access provided by the construction of the Mt. Lemmon (or Catalina) 

Highway more than a quarter of a century after Shreve's initial forays into the 

Catalinas. Another factor which contributed to the Santa Catalinas becoming 

a research focus for plant community description within the Sky Island 

Archipelago is the relatively undisturbed nature of the mountain range; 



grazing along the Mt. Lemmon Highway has been prohibited since 1947, and 

there has been no systematic logging. Additionally, the Catalinas are unique 

among the ranges of the American Southwest in possessing a full spectrum of 

plant communities, from limited subalpine forest on the north slopes of its 

summits to densely vegetated desert bajada at the lower elevations (bajada is 

Spanish for the outwash slopes at the base of the mountains). Furthennore, 

the Catalinas he in close proximity, at the southern base of the range, to a 

major research university, the University of Arizona in Tucson. 

Shreve (1915) described three "regions" or "divisions" as the Santa 

Catalina Mountains are ascended—desert, encinal, and forest (Figure 2.1). 
rrtT — 
A A ' V 

Figure 2.1. Shreve's (1915) vegetative "regions" for the Santa Catalina 
Mountains. Shreve described further subdivisions: lower and upper desert 
slopes, lower and upper encinal (Spanish for "place of the hve oaks"; 
encino = live oaks + al = place of), and pine and & forest. 

HQRTM 

&000 

5«OCO >Ctn«i 
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The Green Mountain fire site, the area where this study was conducted, 

falls within Shreve's upper encinai. Using Shreve's classification system, the 

fire site lies along a well-defined ecotone between pine forest above and 

upper encinai below. The study area itself is below this ecotone, entirely 

within the upper encinai. 

Shreve's classification system is still vaUd today, especially when its 

subdivisions are considered; the later work of Whittaker and Niering (1964, 

1965, 1968a, 1968b, 1975) and Niering and Lowe (1984) simply refined and 

expanded upon Shreve's description. 

Whittaker and Niering's south-slope study (1965) consisted of 350 

0.1-ha quadrats, mostly along the Catalina Highway, with a few plots situated 

in the major drainages of the south slope (55-60 samples per 305 m elevation 

belt). Ei^ty samples were taken firom the bajada below the base of the 

mountain, and 50 fi-om above 2,744 m in the Pinaleno Mountains (the highest 

range in the Sky Island Archipelago, 95 km to the northeast of the Catalinas). 

Whittaker and Niering divided Shreve's forest zone into four rather than two 

subdivisions, substituted a transitional pine-oak woodland for Shreve's upper 

encinai (including two gradations, the Chihuahua pine-oak woodland and the 
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pygmy conifer-oak scrub), and added a transitional desert grassland between 

Shreve's lower encinai and upper desert slopes (Figure 2.2). 

V/^eQ€ration of the Santa Cataltna (Ylountains 
(South slops.  Data above 9000 f t .  f rom Prnalena Mt%.)  

10000 

o 
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o SOOO 

a u 
7000 
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z g 
^ 5000 

*000 

Subalpine forest 

Montane fir forest 

Pine forest 
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/ •<! 
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> '  I  I  I  I  I  I  | t  
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Figure 2.2. Whittaker and Niering's (1964) plant classification scheme for the 
south slope of the Santa Catalina Mountains. 
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According to Whittaker and Niering's system (1965), the Green 

Mountain fire site sits astride a well-defined ecotone between pine-oak forest 

above and pygmy conifer-oak scrub below (Figure 2.2). Pine-oak forest 

would normally transition into pine-oak woodland, but usually on more open, 

xeric slopes pygmy conifer-oak scrub occurs. The Green Mountain fire site, 

with its southeastem aspect, is an example of such a xeric transition. The 

study area itself lies below this ecotone, entirely within the pygmy conifer-

oak scrub. The pine-oak forest above the ecotone has an open understory 

consisting of Ouercus hvpoleucoides (silverleaf oak) with Pinus ponderosa 

(ponderosa pine) above. Below the ecotone which divides the Green 

Mountain fire site, the pygmy conifer-oak scrub forms an open tree canopy 

consisting of the Mexican pygmy conifers, Pinus cembroides (Mexican 

pinyon) and Junipenis deppeana (alligator-bark juniper), codominant with the 

scrub oaks, Q. hvpoleucoides and Ouercus arizonica (Arizona white oak). 

Pygmy conifer and scrub oak coverages are each less than 20% in most 

stands. Sclerophyllous shrubs (Arctostaphvlos spp.), providing a low-lying, 

uniform, and closed understory, often dominate the pygmy conifer-oak scrub 

community, covering 20-40%. The monocot shrubs Yucca schottii (mountain 
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yucca) and Nolina microcarpa (beargrass) are conspicuous. Herbaceous 

coverage, mostly grasses, is inconspicuous with 1-3% coverage in most 

stands. Niering and Lowe (1984:22) fiirther described the pygmy conifer-oak 

scrub in the Santa Catalinas as; 

. . .  t h e  m o s t  x e i i c  c o m m u n i t y  i n  t h i s  ( o a k )  w o o d l a n d  z o n e .  I t  i s  
recognized by its low scrubby character, the abundance of 
Arctostaphvlos spp. thickets, and a very open tree stratum of low-
growing £. cembroides. Junipenis spp., and Qufi[£]l& spp. The trees 
are mostly less than 4.5 m in hei^t. In some stands manzanita and 
shrubby oaks contribute 60-70% coverage with litde tree growth 
present. 

Wbittaker and Niering (1964) described pygmy conifer-oak scrub as most 

distinctive; it is of localized occurrence in the United States' portion of the 

Madrean Archipelago (Santa Catalinas, Chiricahua National Monument, and 

Kitt Peak in the Baboquivari Mountains). Its extent in Mexico is unknown. 

Brown (1994:59-65) classified Shreve's encinal as Madrean evergreen 

woodland. This warm-temperate woodland, with a mild winter and wet 

summer, is centered in the Sierra Madre of Mexico, although it extends 

northward into the Sky Island Archipelago in southeastern Arizona, 

southwestern New Mexico, and Trans-Pecos Texas. The lower elevation of 

the Madrean evergreen woodland (Shreve's lower encinal, Whittaker and 



Niering's open-oak woodland) is often open and "savanna" like in character, 

since it is in contact with semi-desert grassland; the evergreen Madrean 

Quercus spp., Timipenis spp., and £. cembroides are 6 to 15 m or more in 

hei^t. Brown described a Mexican oak-pine woodland (Shreve's upper 

encinal, Whittaker and Niering's pine-oak woodland) at higher elevations 

within the Madrean evergreen woodland, creating a transition between 

encinal and pine forest. Although this zone is thou^t of as transitional, it is 

floristically distinct; its origins are entirely Madrean in character. Within the 

Mexican oak-pine woodland, the pygmy conifers, £. cembroides and 

L Hftppeana codominate with the scrub oaks, Q. arizonica and 

Q. hypoleucnides- all floristic derivatives of the Sierra Madre. 

FIRE IN SOIJTHFASTKRN ARIZOIVA 

The efifect of surface fire on the landscapes of southeastern Arizona has 

been a matter of controversy for the latter part of this century (Leopold 1924, 

Humphrey 1958, Hastings and Turner 1965, Dobyns 1981, Wright and Bailey 

1982, Bahre 1985, Bahre and Hutchinson 1985). Factors which have 

influenced the historical regimes of fire in southeastem Arizona are: aridity 

(lack of and irregularity in precipitation and high rates of evaporation), ready 
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sources of both natural and man-made ignition (lightning and Native 

Americans, ranchers, and miners), recurrent and often prolonged drought, 

overgrazing (in the late nineteenth century), mine fiielwood/timber cutting, 

and fire suppression efforts during the last three-quarters of this century. 

Gra»iind5 

Modem human influence on the grasslands of southeastern Arizona 

(the introduction of cattle and fire suppression) is undeniable, having 

contributed at least in part to the invasion of the essentially brush-free, open 

grasslands by scrubby trees (mostly Prosopis spp. and Acacia spp.)-

The fire hypothesis contends that the exclusion of fire was the major 

factor in the invasion of the grasslands by woody shrubs. According to this 

fire hypothesis the exclusion of fire was the direct result of overgrazing 

during the late 1870s and early 1880s, which eliminated the fine fuels 

necessary to cany hot fire through the grasslands; fire had historically 

suppressed the stocking of the grasslands by woody shrubs, while 

encouraging the vigor and health of the grasses themselves. Drought during 

the era of overgrazing, as well as fire suppression by the Anglos, were seen 

as contributory factors in the conversion of grasslands to woody shniblands. 
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Bahre (1985), in searching the historical record from local newspapers 

published between 18S9 and 1890 (the era of nascent overgrazing and fire 

suppression, and conversion of grass to shrublands), found ample evidence to 

support the fire hypothesis. Although this source (local newspapers) was less 

than regular and complete, Bahre concluded that wildfires occurred in all the 

major vegetation communities of the region. In general, Bahre (1985; 192) 

found 

. . .  w i l d f i r e s  w e r e  r o u g h l y  t w i c e  a s  f r e q u e n t  i n  c o n i f e r o u s  f o r e s t  a n d  
oak-juniper woodland as in grassland, and about three times as 
frequent in grassland as in desert scrub. 

According to the newspaper reports examined by Bahre, major grassland fires 

decreased after 1882, occurring in conjunction with severe overgrazing and 

drought. Toumey (1891:8), commenting on this overgrazing, stated that 

.. . there are valleys over which one can ride for several miles without 
finding mature grasses sufficient for herbarium species without 
searching under bushes or in other similar places. 

The newspaper accounts examined by Bahre indicated that the Apaches fired 

the landscape, although the number of fires attributed to the Apaches is 

probably exaggerated because of animosity between the Anglos and Apaches. 

Furthermore, the newspaper descriptions indicated that fire suppression was 
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not only advocated by Anglos, but was a management strategy employed by 

rangers on the National Forest Reserves. There can be little doubt that the 

wildfires reported by the newspapers must have been only a fraction of those 

that actually occurred in southeastern Arizona between 1859 and 1890. 

Bahre concluded that the wildfires of this period were more numerous and 

larger than those occinring at present, and that the decline in the number and 

size of grassland fires during this time corresponded with the onset of 

overgrazing in the 1870s and 1880s. 

Hastings and Turner (1965:40), in examining the journals of early 

travelers in southeastern Arizona, did not find 

. . .  t h e  s l i g h t e s t  h i s t o r i c a l  j u s t i f i c a t i o n  f o r  a p p l y i n g  t h e  f i r e  h y p o t h e s i s  
to the desert grasslands of this region. 

Hastings and Turner (1965) questioned whether wildfires occurred with great 

enough intensity and frequency to maintain grasslands free of woody shrubs. 

Moreover, they questioned whether the Amerinds, especially the Apache, 

commonly fired the grasslands. Hastings and Turner suggested instead that 

climatic change predominantly, coupled with the introduction of cattle, were 

the combined fectors that led to the invasion of the desert grassland by woody 

shrubs. Th^ reasoned that increased aridity in desert grasslands favored 
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wcx)dy species with deep tap roots over grasses with relatively shallow, 

fibrous root sytems. Additionally, Hastings and Turner argued that cattle had 

promoted the conversion of grass to shrublands in four ways: catde were 

agents of dissemination of woody species (either by scattering digestively 

scarified seeds or transporting vegetative organs of plants firom one place to 

another); preferential grazing of grasses had "opened up" grasslands giving 

the competitive edge to woody species; removal of grasses decreased the fire-

carrying capacity of grasslands allowing woody species to proliferate; and 

grazing tended to reduce moisture in the upper levels of the soil by 

compacting the surface leading to a reduction in infiltration. They pointed out 

that the removal of grass cover and litter also reduced infiltration and 

increased evaporation. Compaction and the removal of grass cover and litter 

worked together to decrease soil moisture favoring woody species, since their 

tap roots can draw on deep-seated moisture. Though Hastings and Turner 

denied that the absence of fire had caused the conversion of grass to 

shrublands, they were quick to point out the usefuhiess of fire as a range 

management tool, and that it had probably been locally effective in keeping 

shrub establishment lower than it would otherwise have been. 



Pine and ]Vt«ed Conifier Forests 

Humans have also radically affected the coniferous forests of 

southeastern Arizona by efScient, lar^-scale, and comprehensive fire 

suppression activities. Swetnam (1990) described the ubiquitous nature of 

surface fire in Arizona and New Mexico prior to the human impacts of the 

last 130 years (overgrazing of the late 1800s and the fire suppression of the 

twentieth century). In fact, according to Swetnam, the frequent sur&ce fires 

of the two centuries prior to 1900 are second only to climatic conditions 

(El Nifio Southern Oscillation) and seasonal change as a sculptor of forest 

landscapes. Swetnam stated that mean fire intervals in ponderosa pine sites 

on and south of the Mogollon Rim in central Arizona and west-central New 

Mexico were 4 to 5 years, while mean fire intervals in the mixed-conifer 

forests ranged fi'om 6 to 10 years. Baisan (1990) reported that the mean fire 

interval for open pine forest in the Rincon Mountains of southeastern Arizona 

is 7 years, and for mixed-conifer forest 9.9 years. Baisan concluded that the 

pre-1900 fire history, derived from fire scars, revealed a fire regime 

dominated by regular patterns of widespread fire. Leopold (1924) noted that 

overgrazing, which eliminated the fine fuels necessary to carry fire, was 
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actually practiced by forest managers to reduce fire hazards. Furthermore, 

Wimi (n.d.) quoted Arthur Noon, one of the first rangers in the Tumacacori 

National Forest Reserve, as commenting that 

. . .  I n  t h o s e  d a y s  t h e  m o u n t a i n s  w e r e  f u l l  o f  c a t d e  a n d  t h e  c a t t l e  t r a i l s  
were good fire breaks. 

Numerous authors (Leopold 1924; Weaver 1951; Cooper 1960,1961; 

Biswell et al. 1973) attributed the dramatic changes in forest stands, which 

have taken place throughout the western United States, to overgrazing by 

livestock and fire suppression by forest managers, bicreased fuel loads, 

crowded understories which provide fuel and fire ladders, and the 

encroachment of shade tolerant species making forests subject to catastrophic 

crown fires are the consequences of 80 years of relatively efficient fire 

suppression. The open park-like stands of nineteenth century £. ponderosa 

can be found only rarely today. 

naif Wnodlanda 

Establishing fire histories in the Madrean evergreen oaks is 

problematic, since they do not lend themselves to dendrochronological studies 

(McPherson 1992). Fires rarely leave visible evidence (e. g., fire scars) in 

Madrean oaks. This absence of visible evidence of fire is aggravated by the 
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lack of an annual growth ring signal. Two solutions to these problems 

present themselves. First, fire histories for the Madrean oak woodlands can 

be inferred from the histories of contact communities—mean fire intervals for 

the semi-desert grasslands are at least every 10-20 years (Wright and Bailey 

1982) and about every 7 years in ponderosa pine forests (Baisan 1990). 

Second, Madrean oak woodlands codominated by pines are suitable for 

dendrochronological studies as suggested by Swetnam et al. (1991). 

McPherson (1992) inferred that fires probably occurred every 10-20 

years in the lower end of the oak woodland, adjacent to semi-desert 

grasslands, since the mean fire interval for semi-desert grasslands was at this 

level of frequency (Wright and Bailey 1982). McPherson reasoned that fire 

would spread quickly and with low intensity in these open oak woodlands, 

since barriers to fire were historically absent between semi-desert grassland 

and oak woodland; fine fuels were sufficient in oak woodlands (fine fiiel 

biomass was >1000kg/ha) (Haworth 1992) to support the spread of fire into 

the grassy open understories of Quereus emorvi (Emory oak) savannas; hot 

dry weather occurred yearly during the arid foresummer; and plentiful ignition 

sources were available (lightning, Amerinds, and Anglos). Madrean oaks are 
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generally capable of surviving these types of fires (Babb 1992, Caprio and 

Zwolinski 1992, Ffolliott and Bennett 1996). However, FfoUiott and Bennett 

(1996) suggested that high intensity fires can affect the stocking of Madrean 

oaks. The infi'equent and unreliable regenerative ability of Madrean oaks 

(Pase 1969, Borelli et al. 1994) indicates that high intensity fires would likely 

prevent their stocking at pre-fire conditions. There is no doubt that due to the 

overgrazing of the 1880s and fire suppression of 80 years duration, fire 

frequencies have been altered (McPherson 1992). Barton (1991) found that 

fires continue to occur within the Chiricahua Mountains in the oak woodlands 

(between 1,200 and 2,000 m elevation), but the frequency of fires is low (less 

than 2 fires/ha/100 yr). 

Conclusions concerning fire histories and effects in the closed canopy 

of the upper Madrean oak woodlands based solely on Ouercus spp., which 

lack fire scars and anniial growth rings, would be speculative (McPherson 

1992). Swetnam et al. (1991) proposed that fire histories could be 

established for these upper woodlands throu^ fire scarred Pinus spp. 

Sampling of fire-scarred Pinus spp. in the oak-pine woodland of Rhyolite 

Canyon allowed Swetnam et al. to conclude that Rhyolite Canyon appeared 
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to serve as a conduit to spread fire across the elevational gradient fi'om open 

oak-conifer woodland at the lower end through mixed-conifer forest to open 

pine forest at its upper reaches. Despite the different plant communities along 

this drainage, the mean and range of fire intervals differed little among these 

communities over the past five centuries; the mean fire interval for fires that 

burned through Rhyolite Canyon was 13.2 years with a range of 1 to 31 

years. This historic fire regime ceased in the late 1880s due to the removal of 

the Apache and the advent of intensive grazing. Because of these factors and 

effective fire suppression in the twentieth century, live and dead fuels have 

accumulated in the canycm over the last 90 years leading to the conclusion 

that, due to humans, profound changes in the ecosystem composition and 

structure of Rhyolite Canyon have occurred. 

FIRE RESPONSE QF DOMINAIVT SPFriRS WITHIN THE PYGMY 

rONIFER^AK SCRUB 

Ouercug hvpoleucoideg 

Q. hvpoleucoides occurs firom Trans-Pecos Texas to southern Arizona 

and northern Mexico (Kearney et al. 1960). Of all the Madrean evergreen 

oaks, Q. hvpoleucoides exists at the highest elevation range (Whittaker and 
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Niering 1964, McPherson 1992), where it mixes with the other oak species, 

mostly Q. arizonica in the upper encinal. Above the upper encinal in the 

pine-oak forest, Q. hvpoleucoides occupies the understory with £. nonderosa 

overhead (Whittaker and Niering 1965). Few studies have been conducted 

concemmg fire effects or histories along the inter&ce between upper encinal 

and ptne-oak forest (Barton 1995, Swetnam et al. 1991). As a consequence, 

little is known of the fire response of Q. hvpoleucoides: relatively more is 

known about the response of the lower elevation evergreen Madrean oaks— 

Quercus nhlnnyifolia (Mexican blue oak) , Q. emorvi. and Q. arizonica 

Barton (1995), in contrasting fire adaptations between pine and oak species in 

mid-elevation Madrean forests (in Rhyolite and Pine Canyons of the 

Chiricahuas and the adjacent Animas Mountains of southwestern New 

Mexico), found that in these pine-oak sites fire suppression greatly increased 

the densities of oaks (especially Q. huzolfiucfiidss), possibly at the expense of 

pines. Barton (1995:160) suggested 

. . . that species with high stem survival were poor at post-fire 
resprouting and that species with poor stem survival were good at post-
fire resprouting. The probable contimium firom good fire resisters 
to good resprouters is: Pinus en^elmanmi (Apache pine), Pinus 
leiophvUa var. fihihiiahnana (Chihuahua pine), Q. arizonica 
Q. , Quereus oigosa (netleaf oak). 
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According to Barton, the fire adaptation of Q. hypoleucoides is typical of 

oaks; it was readily top-killed (10% top-survival), but it vigorously resprouted 

(50% response). He stated that resprouts were much taller than seedlings for 

each species he studied, which reinforces the viability of resprouting as a 

strategy for persistence in pine-oak communities. Barton pointed out that the 

increase in biomass of Q. hypoleucoides due to fire suppression is the result 

of its ability to resprout after fire and to subsequentiy fill in the canopy 

through both vertical and horizontal growth. 

Ouercus arizonica 

Q. arizonica occurs firom central Arizona to southwestern New 

Mexico, with scattered populations in Trans-Pecos Texas and northern 

Mexico (Kearney et al. 1960, Hem^dez et al. 1992). Q. arizonica sprouts 

vigorously fi-om the root crown or stump following fire (Carmichael et al. 

1978, Knipe et al. 1979, Bennett and Kunzmann 1992). According to Bock 

and Bock (1990), large-sized trees usually survived fires of low severity. 

Bennett and Kunzmann (1992) suggested that fires move quickly through oak 

woodlands that have a continuous grass understoiy and that Q. arizonica root 

crowns are usually not damaged by such low-intensity fires. Bock and Bock 



(1987, 1990) noted little effect on mature Q. arizonica or the density of 

seedlings two years after a spring prescribed fire of low- to moderate-seventy 

burned quickly through an open Madrean evergreen woodland with an 

understoty of grasses and herbs (inter^ice of semi-desert grassland and lower 

encinal in Lyle Canyon, west side of the Huachuca Mountains of Arizona). 

Marshall (1963) and Swemam et al. (1991) pointed out that fires within the 

closed-canopy woodlands of the upper encinal are more likely to be hi^-

intensity stand replacement fires; this indicates that the response of 

Q. arizonica to fire in the upper encinal could be different from the low-

intensity fire regimes within open oak woodlands of the lower encinal. 

Pinus cembroidgs 

£. cemhroides is distributed fi-om the Trans-Pecos mountains of Texas 

to southwestern New Mexico and southeastern Arizona (Kearney et al. 

1960). A large part of its range is found in Mexico, extending fi-om the 

United States border south along the Sierra Madre Occidental and Oriental 

into northem Puebla (Hernandez et al. 1992). Segura and Snook (1992) 

stated that the structure and regeneration patterns of £. cembroides are 

influenced by disturbances such as fire. £. cembroides is found in diverse 



communities with varying fire regimes. Within these communities, structure 

and spatial distribution of intermixed woody species and understoiy species 

influences the effect of fire on £. cgmhroides In general, low-severity fires 

kill £L. cembroides seedlings and young trees, while severe fires kill even 

mature trees (Covington and DeBano 1990). Despite its thin bark, mature 

£. cembroides is relatively resistant to low- to moderate-severity fires. Moir 

(1982) noted that 80-year-old E. cembroides have survived at least four fires, 

including one of moderate severity in Big Bend National Park, Texas. 

£. cembroides regenerates by seed; the literature contained no reports of 

vegetative reproduction. Evans (1988) stated that £. cembroides probably 

reestablishes itself after fire fi-om seed cached by birds (Clark's nutcrackers 

and jays) and mammals (especially rodents). Seedling establishment occurs 

within approximately 30 years following fire. Animal facilitation is 

necessitated, since seed viability, which is initially hi^ (85-95%), decreases 

within one year, and fire probably kills seeds unless they are covered with an 

insulating layer of soil. Several researchers (Krugman and Jenkinson 1974, 

Floyd 1981, Evans 1988) reported that althou^ seeds are thick walled, 

scarification is not necessary for geiminatiOT. Water availability during the 
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initial dry seasons detennines the ability of seedlings to establish themselves, 

although £. cembroides seedlings have shown themselves to be the most 

drought tolerant of five pine species—^£. pondernsa £. engelmflnmi 

P leiophvUa var chihiiahuana. P. cembroides Pinus strobiformis 

(Southwestern white pine)—when subjected to water deprivation in a 

greenhouse study (Barton and Teeri 1993). £. cembroides establishment is 

facilitated by nurse plants such as low shrubs and trees which may appear 

after fire (Little 1977, Floyd 1981, Barton 1992). 

.Tiinipgrus deppeana 

i. deppeana occurs fi'om Trans-Pecos Texas to northwestern New 

Mexico and north-central Arizona, southward into Mexico (Kearney et al. 

1960). I. deppeana exhibits low mortality to fire, since it is capable of 

prolific sprouting fi'om the base of the plant, from shallow roots, or fi'om 

epicormic buds located along branches or trunk after consumption or damage 

of above-ground vegetation (Johnson et al. 1962, Jameson and Johnsen 1964, 

White 1965, Pase and Granfelt 1977). As a consequence of this ability to 

sprout, mortality is generally low, even after fires of relatively high intensity 

(Pase and Granfelt 1977). Jameson and Johnsen (1964) found that 



33 

I. deppeana is most susceptible to fire during dry, hot months. Johnson et al. 

(1962) stated that an August wildfire in an oak-juniper woodland of Arizona 

resulted in 28% mortality and approximately 42% of all living J. deppeana 

sprouting from the base. Sprouting generally decreases as dbh increases. In 

&ct, larger trees (dbh greater than 79 cm) appeared not to resprout and are 

killed by fire (Bassett 1987); this is not always the case, however. Moir 

(1982) and Dick-Peddie and Alberico (1997), in studying fire frequencies, 

observed multiple fire scars on old i. deppeana, which suggested these large 

trees are capable of surviving many surface fires of varying intensity. In 

many instances, the smallest I. deppeana appear to be most susceptible to 

mortality induced by fire (Johnson et al. 1962). Response time for sprouting 

is not well-documented, but sprouts generally grow rapidly with favorable 

weather (White 1965). 

Arctostaphyloa pungens 

The distribution of A. pungens is from the southern portions of 

California, Nevada, and Utah, across Arizona and New Mexico to 

Trans-Pecos Texas, and south of the United States border into Mexico 

(Kearney et al. 1960). Generally erect, the shrub branches from the base to 
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form dense, often impenetrable thickets (Kearney et al. 1960). This proclivity 

to form thickets is promoted by the ability of decumbent branches to often 

form roots, which may or may not break away from the mother plant (Conrad 

1987 and Brown 1994:95-99). As the plant ages and becomes unproductive, 

the central portion dies and desiccates while the periphery remams vigorous 

(Brown 1994:95-99); such decadent thickets are highly susceptible to fire. 

A. pungens depends on fire for long-term survival as a species since heat 

scarification is necessary to induce seed germination; fire suppression in 

shrublands, woodlands, and forests has hindered its regenerative capabilities 

(Brown 1994:95-99). Depending on fire severity. A- pun pens is killed or 

gready reduced by fire (Sampson 1944 and McKell et al. 1972). A. pungens 

does not sprout from crown or roots following fire (Camichael et al. 1978, 

Conrad 1987, Brown 1994:95-99), Seed gennination occurs immediately 

after heat scarification as a result of fire (Pase and Pond 1964, Carmichael 

et al. 1978, and Conrad 1987). Prolific residual seed crops can be stored in 

the soil for decades (Conrad 1987 and Brown 1994:95-99). 
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CHAPTER THREE 

STUDY AREA DESCRIPTION AND METHODS 

AREA 

Madrean oak woodlands are found throughout southeastern Arizona 

and southwestern New Mexico at transitional elevations between lower, more 

xeric semi-desert grasslands and higher, more mesic pine forests (Brown 

1994:59-65). This case study, examining the effects of fire in the upper 

encinal woodlands, was conducted at the Green Mountain fire site, Santa 

Catalina Mountains (32® 23'N, 110® 42'W), 30 km northeast of Tucson, 

Arizona within the Coronado National Forest (Figure 3.1). 

Figure 3.1. Distribution of Madrean oak woodland within the U. S. and the 
location of the Santa Catalina Mountains (from Caprio and Zwolinski 1994). 

Arizona 

Phoenix 

New Mexico 

6hlhuahua 
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The lightning-caused Green Mountain fire occurred during July 1995. 

The fire site consists of a 77 ha area straddling a well-defined ecotone 

between pine forest above and oak woodland below (Figure 3.2). 

Figure 3.2. Location of the Green Mountain fire site along upper Bear 
Canyon, Santa Catalina Mountains, Arizona. 
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The study was conducted below this ecotone within the oak woodland 

at an elevation of 2,085-2,110 m. The study area has a southeastern aspect, 

steep slope of about 30%, and is nigged with large boulder outcrops. The 

granitic soil is shaUow, coarse, and loose. 

Although the Green Mountain fire lasted two weeks, the bum within 

the 55 ha of oak woodland occurred on a single day, when a strong northwest 

wind (about 50 km/h) of a few hours duration blew what had been a slowly 

advancing, confined backfire out of the pine-oak forest above to rapidly ignite 

the A. pungens thicket below. Due to the wind, dry atmospheric conditions, 

and the close proximity of cultural improvements, a decision was made to 

suppress this uncontrolled fire. A contributing factor in this decision was that 

a north wind had blown over the fire for several days, elevating temperatures 

in the A- p"ngens thicket to the south. The generally hot, sunny conditions 

which prevailed during this time, when coupled with the heat-induced 

desiccation caused by the fire, produced tinderbox conditions within the A. 

piingens thicket. During this final stage of the fire, flame lengths of up to 9 m 

were observed. A fireline intensity of 500-600 Btu/fi/sec was estimated, 

producing average flame lengths of 2.4 to 2.7 m (personal conmiunication 
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with Ted Moore, Fire Management OfiGcer, Catalina District, Coronado 

National F(x^). Moore stated that this was a hot fire heavily fueled by the 

dry, dense, and decadent A. pimyens thicket. According to the fire seventy 

classification system for Madrean oak developed by FfoUiott and Bennett 

(1996), this final stage of the Green Mt. fire which burned through the oak 

woodland was of moderately high severity. 

The vegetative structure of this fire site was described by Whittaker 

and Niering (1964, 1965, 1968a, 1968b, 1975) as pygmy conifer-oak scrub. 

Occupying more xeric, open slopes, this community consists of the Mexican 

pygmy conifers, £. cembroides and I. deppeana^ and the scrub oaks, 

Q. hypoleucoides and Q. arizonica: conifers and oaks each make up less than 

20% cover in most stands. Low-lying sclerophyllous shrubs, Arctostaphylos 

spp., codominate, generally providing 20-40% cover (Figure 2.2). 

The Santa Catalina Mountains are part of the Madrean Sky Island 

Archipelago of the southwestern United States and northwestern Mexico. 

Lying beneath the Mogollon Rim (the southern edge of the Colorado Plateau) 

to the north and the Sierra Madre to the south, the archipelago is a part of the 

Basin and Range Physiographic Province of southwestern North America. 
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Each abruptly elevated mountain range within the archipelago, consisting of 

stacked biological communities, is separated from the other ranges by broad 

alluvial valleys of desert or grassland. 

The Santa Catalinas are roughly triangular in shape with an east-west 

base of about 32 km and a northem apex of approximately the same distance. 

Elevation differences range from about 850 m at the southwestem base of the 

range near Tucson to the summits of Mt. Lemmon at 2,766 m and Mt. 

Bigelow at 2,608 m (Whittaker and Niering 1964). This elevational 

difference produces physical and biological gradients typical of sky islands. 

Arid to semiarid southeastem Arizona experiences a bimodal 

precipitation regime, with summer (July to September) and winter (December 

to March) wet seasons (Smith 1956, Sellers 1960). As elevation increases 

within the Madrean Sky Island complex, precipitation increases and 

evaporation rates and temperature decrease. Tucson, at 735 m, receives 

278 mm of precipitation annually (Smith 1956), while a six-year study by 

Mailery (1936) found an average annual precipitation of 850 mm at 2,400 m 

Soldier's Camp. Shreve (1915) observed a precipitation increase with 

elevation during a three year study; 190 mm at 915 m to 420-470 mm at 
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2,340-2,440 m. Shreve also recorded an average temperature lapse of 7.5 "C 

per 1,000 m. 

METHQPS 

Sampling was conducted to detennine frequency of occurrence, 

density, and percent cover for herbs, shrubs, and trees. Frequency of 

occurrence is the percentage of sample plots in which a plant group (or 

selected species) is found. Density is the total number of plants of a 

particular plant group (or selected species) per m'. Cover is the vertical 

projection of the crown of a plant onto the ground surface. Therefore, 

percent cover is the crown area that a plant group (or selected species) 

occupies divided by the area contained within all sample plots, expressed as a 

percentage. 

For comparison purposes, observations of both an unbumed site (a 

control) and a bumed site (the treatment) were made during the early summer 

of 1997 and 1998 (two and three years postfire). The unbumed and bumed 

sites were located 100 m apart, and had similar elevations (2,085-2,110 m), 

slopes (30%), aspects (southeastern), and soils (shallow, loose, coarse, and 

granitic) (Figure 3.3). It was assumed that differences between the unbumed 
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and burned sites could be attributed to fire. Three 100 m transects were laid 

out in both the unbumed and burned sites parallel to the slope (Figure 3.3). 

i 

< Greea / 
Mountain 4 

m 

Figure 3.3. Location of the transects in unbumed and burned sites. Three 
100 m transects were laid out 30 m apart and parallel to each other and the 
slope in both sites. Due to site width restrictions in the unbumed site, the 
lowest transect was moved southwest, split into two 50 m lengths, and 
located in line with the two more elevated transects. 
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Nested plots along a line transect were used to organize the sampling 

within the study site. Herbs, shrubs, and trees were sampled using 5, 15, and 

150 m' circular plots, respectively. Nine herb, nine shrub, and four tree plots 

were sampled in each 100 m transect. Herb and shrub plots were centered 

10 m apart and tree plots were centered 20 m apart. (Figure 3.4). 

METERS 

^ HERBS >0) SHRUBS ^ TREES 

Figure 3.4. Sampling layout of nested plots along a line transect. Nine herb 
plots (5 m^) and nine shrub plots (15 m-) 10 m apart, and 4 tree plots (150 m") 
20 m apart were located along each 100 m transect. 

Although a systematic sampling technique was utilized, random sampling was 

assumed because systematic samples of random events (the distribution of the 

vegetation) are themselves random. Species and crown diameter were 

recorded for each plant encountered. Growth forms were recorded for shrubs 

and trees to account for fire induced mortality or conversion of growth form. 

The selected shrub, A. pungens. was described as mature individuals (m) or 

seedlings (se). The selected Ouercus spp., hypoleucoides- was described 
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as trees (tr), stump-sprouts (ss), or seedlings/root sprouts (se/rs). The 

selected Pinus spp., cembroides. was described as trees/seedlings (tr/se). 

The selected coniferous species, L. deppeana. was described as 

trees/seedlings (tr/se) or stump-sprouts (ss). 

Differences in frequency, density, and percent cover were considered 

significant at a level of alpha = .05. A Chi-square test was used to determine 

differences in frequency of occurrence. The Tukey-Kramer Honestly 

Significant Difference test (Sail and Lehman 1996:161-162) was employed to 

determine differences between multiple means for density and percent cover 

(percent cover data underwent an arcsine transformation prior to analysis). 

Six pairs of frequencies or means were compared (Figure 3.5). 

U 9 7  — —  U 9 8  

/\ 
B97 B98 —B97 B98 

6 

U = unburned/controlled site 97 = 1997/two years postfire 
B = burned/treated site 98 = 1998/three years postfire 

Figure 3.5. Six pairs of frequencies or means compared. 
( I )  cont ro l led  s i te  (U97—U98);  (2  and 3)  cont ro l led  s i te  1997 versus  t rea ted  
site each year (U97—B97, U97—398); (4 and 5) controlled site 1998 versus 
treated site each year (U98—B97, U98—B98); (6) burned site (B97—B98) 



CHAPTER FOUR 

RESULTS AND DISCUSSION 

HRRBACKOf TS Pf.ANTS 

Overview 

Table 4.1 summarizes the effects of fire on frequency of occurrence, 

density, and percent cover for all herbs and selected herbs. 

Table 4.1. Frequency of occurrence as a percentage, density as plants/m^ 
and percent crown cover for all herbs and selected herbs for sites— 
unbumed/controlled (U) and bumed/treated (B)—and times—two years 
postfire/1997 (97) and three years post&e/l998 (98). 

THREE STATISTICS FOR ALL HERBS AND SELECTED HERBS 

FREQUENCY of 
OCCURRENCE (%) 

DENSITY 
as PLANTS/m^ 

% CROWN 
COVER 

SITE/ 
YEAR 

ALL 
HERBS 

U97 

63.0 

U98 B97 B98 U97 U98 397 B98 U97 U98 B97 B98 SITE/ 
YEAR 

ALL 
HERBS 

U97 

63.0 70.4 100 100 .9 1.1 3.7 14.2 1.4 .9 24.2 2.5 

Dalea 
albiflora 7.4 7.4 100 100 .01 .03 2.9 4.8 .01 .04 21.7 1.7 

Glandularia 
bipiimatifida 

0 0 11 77.8 0 0 .1 7.9 0 0 .3 .3 
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Fitqucncy of Occurrencc 

The null hypothesis that fire produced no differences in the firequency 

of occurrence of herbs was rejected. A Chi-square analysis revealed 

differences in fiequency between the treated site two years postfire and the 

controlled sites each year and between the treated site three years postfire and 

the controlled site each year (Table 4.2). Fire affected herb fi-equency of 

occurrence in the second and third years postfire. 

Table 4.2. Comparisons for all pairs of herb frequencies of occurrence using 
Chi-square test; "ns" indicates a nonsignificant difference. 

HERB FREQUENCY OF OCCURRENCE-DIFFERENCES 

FREQUENCY 
(%) 

63.0 70.4 100 100 

SITEA^AR Unbumed 97 Unbumed 98 Burned 97 Bumed 98 

Unbumed 97 ns 

Unbumed 98 H 
Burned 97 ns 

Herb fi-equency of occurrence was greater in the treated site two years 



postfire (100% in 1997) than in the controlled site each year (63.0% in 1997 

and 10 A% in 1998) and greater in the treated site three years postfire (100% 

in 1998) than in the controlled site in that year (70.4%) (Table 4.1). Dalea 

albiflora (scrufity prairie clover) was responsible for these effects as it 

achieved a frequency of 100% in the treated site each year versus 7.4% in the 

controlled site each year. Herb frequency of occurrence increased from 

63.0% in the controlled site in 1997 to 100% in the treated site three years 

postfire (1998). The increase in frequency of Dalea albiflora from 7.4% in 

the controlled site in 1997 to 100% in the treated site three years postfire was 

responsible for this efifect. rrlandiilaria hipinnatifiHa (small-flowered verbena) 

contributed to this efifect as its frequency increased from 0% in the controlled 

site in 1997 to 77.8% in the treated site three years postfire. 

Density as plants/m^ 

The null hypothesis that fire produced no dififerences in the density of 

herbs was also rejected. A Tukey-Kramer test revealed dififerences between 

the mean density of the burned site three years postfire and the other three 

density means (Table 4.3). Fire afifected herb density in the third, but not the 

second year postfiire. 
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Table 4.3. Comparisons for all pairs of herb density means using Tukey 
Kramer test. Value (plants/m*) given in shaded cells is the absolute 
difference of pair means; "ns" indicates a nonsignificant difference. 

HERB DENSITY-MEAN DIFFERENCES 
1 Density Means 
1 olants/m^ 1 .9 1 1.1 1 3.7 14.2 

SHE/YEAR Unbumed 97 Unbumed 98 Bumed 97 Bumed 98 

Unbumed 97 ns ns 

Unbumed 98 ns 

Burned 97 

Herb density was greater in the treated site three years postfire 

(14.2 plants/m^ in 1998) than in the controlled site that year (1.1 plants/m^ 

(Table 4.1). Glandiilaria bipinnatifida and Dalea albiflora (7.9 and 4.8 

plants/m^ in the treated site three years postfire, respectively) were 

responsible for this effect. Herb density increased fi'om .9 plants/m'on the 

controlled site in 1997 to 14.2 plants/m^ on the treated site three years 

postfire (1998). The increase in Glandularia hipinnarifida and Daka albiflora 

was responsible for this effect (from 0 and .01 plants/m* on the controlled site 

in 1997 to 7.9 and 4.8 plants/m' on the treated site three years postfire, 

respectively). Herb density increased from 3.7 to 14.2 plants/m* in the 
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treated site two to three years postfire. This effect resulted from the increase 

of the density of Glandularia bipinnatifida from. 1 to 7.9 plants/m^ and Dalea 

albiflora from 2.9 to 4.8 plants/m^ in the treated site two to three years 

postfire. 

Percent Cover 

The null hypothesis that fire produced no differences in the percent 

cover of herbs was also rejected. A Tukey-Kramer test comparing the six 

pairs of means in question yielded a difference between all pairs except the 

unbumed one (Table 4.4). Fire affected herb percent cover in the second and 

third years postfire. 

Table 4.4. Comparisons for all pairs of herb percent crown cover means 
using Tukey-Kramer test. Value given in shaded cells is the absolute 
difference of pair means; "ns" indicates a nonsignificant difference. 

HERB PERCENT COVER-MEAN DIFFERENCES 
r % COVER 
1 MEANS 1 24.2 2.5 

SnWYEAR Unbumed 97 Unbumed 98 Bumed 97 Bumed 98 

Unbumed 97 ns 

Unbumed 98 

Burned 97 
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Herb percent cover was greater in the treated site two years postfire 

(24.2% in 1997) than in the controlled site in each year (1.4% in 1997 and 

.9% in 1998) (Table 4.1). Dalea albiflora was responsible for these effects as 

its cover was 21.7% in the treated site two years postfire versus .01% and 

.04% in the controlled site in 1997 and 1998. Herb percent cover was greater 

in the treated site three years postfire (2.5% in 1998) than in the controlled 

site in the same year (.9%). Dalea albiflora was largely responsible for this 

effect as its cover was 1.7% in the treated site three years postfire versus 

.04% in the controlled site in the same year. Herb cover increased firom 1.4% 

in the controlled site in 1997 to 2.5% cover in the treated site three years 

postfire (1998). This effect was due to the increase in the cover of Dalea 

albiflora fi-om .01% in the controlled site in 1997 to 1.7% in the treated site 

three years postfire. Herb cover decreased fi'om 24.2% in the treated site two 

years postfire (1997) to 2.5% in the treated site three years postfire (1998). 

The decline of the cover of Dalea albiflora firom 21.7% two years postfire to 

1.7% three years postfire was responsible for this effect. Dalea albiflora- an 

opportunistic herb showed all the characteristics of a disturbance species— 

rapid growth, enormous seed production, and quick life cycle. 
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SHRUBS 

Overview 

Table 4.5 summarizes the effects of fire on fi'equency of occurrence, 

density, and percent cover for all shrubs and selected shrub. 

Table 4.5. Frequency of occurrence as a percentage, density as plants/m*, 
and percent crown cover for all shrubs and selected shrub for sites— 
unbumed/controlled (U) and burned/treated (B)—and times—two years 
postfire/1997 (97) and three years postfire/1998 (98). Selected shrub 
(A. pungens^ was described as two growth forms; mature (m) and seedling 
(se) to account for its response to fire. 

THREE STATISTICS FOR ALL SHRUBS AND SELECTED SHRUB 

FREQUENCY of 
OCCURRENCE (%) 

DENSITY as 
PLANTS/m^ 

% CROWN 
COVER 

SITE/ 
YEAR 

ALL 
SHRUBS 

U97 U98 B97 B98 U97 U98 B97 398 

.49 

U97 U98 B97 898 SITE/ 
YEAR 

ALL 
SHRUBS 100 100 96.3 100 .81 .78 .38 

398 

.49 51.1 59.7 4.4 4.9 

Arctostaphvlos 
j2UngfiOS(m) 96.3 96.3 0 0 .6 .6 0 0 49.6 58.0 0 0 

Arctostaphvlos 
I2ungsns(se) 0 0 81.5 85.2 0 0 .3 .3 0 0 .4 .8 



Frequency of Occurrence 

The null hypothesis that fire produced no differences in the frequency 

of occurrence of shrubs was accepted. Shrub frequency remained unchanged 

despite fire (Table 4.5); this was due to the ability of A. pungens to reseed 

itself within two years postfire (A., pungens seedling frequency in the treated 

site was 81.5 and 85.2% two and three years postfire). Seedling A. pungens 

maintained shrub frequency despite total mortality of mature A^ pungens on 

the treated site each year postfire (0% frequency for mature A. pungens on 

the treated site each year postfire). 

Density as plants/m^ 

The null hypothesis that fire produced no differences in the density of 

shrubs was accepted. Density of seedling A. pungens on the treated site each 

year (.3 plants/m~) compensated for the total mortality of mature A. pungens 

to preserve shrub density at controlled levels (Table 4.5) 

Percent Cover 

The null hypothesis that fire produced no differences in the percent 

cover of shrubs was rejected. A Tukey-Kramer test revealed differences in 

percent cover between the treated site two years postfire and the controlled 
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site each year and between the treated site three years postfire and the 

controlled site each year (Table 4.6). Fire affected shrub percent cover in the 

second and third years postfire. 

Table 4.6. Comparisons for all pairs of shrub percent cover means using 
Tukey-Kramer test. Value given in shaded cells is the absolute difference of 
pair means; "ns" indicates a nonsignificant difference. 

SHRUB PERCENT COVER-MEAN DIFFERENCES 

1 % COVER 

1 MEANS 
51.1 59.7 4.4 4.9 

SITE/YEAR Unbumed 97 Unbumed 98 Burned 97 Burned 98 

Unbumed 97 ns 

Unbumed 98 
1 1 
t 

Burned 97 ns 

Percent cover for shrubs was less in the treated site two years postfire 

(4.4% in 1997) than in the controlled site in 1997 (51.1%) and in 1998 
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(59.7%) (Table 4.5). These effects were due to the mortality of mature 

A. piingens and .4% cover for seedling A- pimgens in the treated site two 

years postfire. Cover for shrubs was less in the treated site three years 

postfire (4.9% in 1998) than in the controlled site in the same year (59.7%), 

and cover for shrabs decreased from 51.1% in the controlled site in 1997 to 

4.9% cover in the treated site three years postfire (1998) because of mortality 

of mature A. pungens and .8% cover for seedling A- pungens in the treated 

site three years postfire. 

TREES 

Overview 

Table 4.7 summarizes the effects of fire on frequency of occurrence, 

density, and percent cover for all trees, selected trees, and tree groups. 

Table 4.7. Frequency of occurrence as a percentage, density as plants/m% 
and percent crown cover for all trees, selected trees, and tree groups for 
sites—unbumed/controlled (U) and burned/treated (B)—and times—two 
years postfire/1997 (97) and three years postfire/1998 (98). The selected oak 
species, Q. hvpoleucoides. is described as trees (tr), stump-sprouts (ss), and 
seedlings/root-sprouts (se/rs) to account for growth forms observed in both 
controlled and treated ates. One of the two selected conifer species, 
J. deppeana. is descnbed as trees/seedlings (tr/se) and stump-sprouts (ss) to 
account for growth forms observed in both controlled and treated sites. The 
selected pine species, £. cembroides is described solely as a tree/seedling 
(tr/se) due to its inabihty to stump-sprout. Tree groups are Quercus spp., 
Ptnus spp., and coniferous species (includes Pinus spp. and 1. deppeana^. 
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THREE STATISTICS FOR ALL TREES, 
SELECTED TREES. AND TREE GROUPS 

FREQUENCY of 
OCCURRENCE (%) 

DENSITY as 
PLANTS/m^ 

% CROW^ 
COVER 

\ 

SITE/ 
YEAR 

U97 U98 B97 B98 U97 U98 B97 B98 U97 U98 B97 B9a 

ALL 
TREES 100 100 100 100 .09 .09 .06 .06 23.0 22-7 15.3 16.9| 

Qucrcus 
hypolcucoides 

(tr) 
75 75 0 0 .01 -01 0 0 5.4 4.9 0 0 

Ouercus 
hvpoleucoides 

(ss) 
75 75 100 100 .02 .02 .04 .04 5.4 5.6 11.4 12.5 

Ouercus 
hvpoleucoides 

(se/rs) 
33.3 33.3 8.3 8.3 .008 .01 .001 .001 .02 .03 .01 .01 

Ouercus 
1 spp. 

91.7 91.7 100 100 .06 .06 .06 .06 12.7 12.8 15.2 H Pinus 
cembroides 

(tr/sc) 
58.3 58.3 0 0 

0 

.03 

.03 

.03 0 0 4.5 4.1 0 0 

1 Pinus 
1 spp. 

75 75 0 

0 

0 

.03 

.03 .03 0 0 7.6 7.4 0 

funipcnis 

(tr/se) 
58.3 58.3 0 0 .01 .01 0 0 2.6 2.6 0 

1 
0 

Junipcrus 
deppeana 

(ss) 
0 0 50 50 0 0 .003 .003 0 0 .1 

.1 

.1 

IConiferous 
1 species 

91.7 91.7 50 50 .04 .04 .003 .003 10.2 9.9 

.1 

.1 .11 
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Frequency of Occurrencg 

The null hypothesis that fire produced no differences in the frequency 

of occuirence of trees was accepted. Tree frequency was 100% in controlled 

and treated sites each year (Table 4.7). Though Pinus spp. suffered total 

mortality due to fire (0% frequency in the treated site each year postfire), 

Ouercus spp. ability to stump-sprout after being shoot-killed maintained tree 

frequency at 100% in the treated site each year. Stump-sprouting 

Q. hvpoleiicoides frequency was 100%, while stump-sprouting Q. arizonica 

occurred in 91.7% of the treated plots encountered each year. 

Density as plants/m^ 

The null hypothesis that fire produced no differences in the density of 

trees was also accepted. Stump-sprouting Ouercus spp. (.06 plants/m'in the 

treated site each year) preserved tree density despite the total mortality of 

Pinus spp. (Table 4.7). 

Pcrccnt Cover 

The null hypothesis that fire produced no differences in the percent 

cover of trees was accepted. Again, despite the total mortality of Pinus spp. 

(0% cover in the treated site each year), stump-sprouting Quercus spp. 
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(15.2 and 16.8% cover in the treated site each year) maintained tree percent 

cover (Table 4.7). 

SUMMARY 

Table 4.8 summarizes the effects of fire on firequency of occurrence, 

density, and percent cover for herbs, shrubs, and trees. 

Table 4.8. Differences in fi'equency of occun'ence, density as plants/m^ and 
percent crown cover for herbs, shrubs, and trees. Difference designated "s" is 
indicated by shaded cells; "ns" designates a nonsignificant difference. 

SUMMARY OF DIFFERENCES 
FOR HERBS, SHRUBS, AND TREES 

FREQUENCY of 

OCCURRENCE 

DENSITY 

as PLANTS/m' 

% CROWN 

YEAR 97 

HERBS 

SHRUBS 

TREES 

ns 

ns 

ns 

ns ns ns 

ns ns ns ns ns 



57 

Herbs were most afifected by fire (five of six possible differences 

occurred). As the canopy of the treated site opened, opportunistic herbs 

proliferated, taking advantage of the lessened competition for sunlight, water, 

and available nutrients. Herb frequency and percent cover in each year and 

density three years postfire were different due to the emergence of the 

dominant herb, Dalea albifloia- which epitomized an opportunistic species 

reacting to disturbance by exhibiting quick growth, prodigious seed 

production, and a short life cycle. 

No differences were observed for shrubs except for the percent cover 

statistic. The rapid emergence of pungens seedlings resulted in the 

maintenance of frequency and density of shrubs at controlled levels. Though 

widespread and numerous on the treated site, the size of seedling pungens 

remained small resulting in differences in percent cover for shrubs in the 

treated site each year postfire. 

The non-effect of fire on tree frequency, density, and percent cover 

was the result of Quercus spp, ability to stump-sprout alter being shoot-killed. 

This vigorous sprouting response of Quercus spp. preserved frequency, 

density, and percent cover of trees despite the total mortality ofPinus spp. 



CHAPTER nVE 

CONCLUSIONS 

The results of this study suggest that the dominant species within the 

distinctive pygmy conifer-oak scrub are fire adapted, and that the structure 

and composition of this vegetative community is in part maintained by fire; 

Niering and Lowe (1984) proposed that the pygmy conifer-oak scrub is not 

only maintained by fire but also by drought. 

Recent large, high-elevation catastrophic fires in the Chiricahua (1994) 

and Pinaleno (1995) Mountains of southeastern Arizona argue for the 

reintroduction of fire as an ecological tool into the United States portion of 

the Nfodrean Archipelago. Although various cultural, political, economic, and 

legal impediments exist to this reintroduction, the lack of a more complete 

understanding of the effects of prescribed and prescribed natural fire as an 

ecological tool in Madrean evergreen forests and woodlands is a concern. 

This case study, focused on the upper encinal woodland, is a 

contribution intended to ofi&et this lack of a more complete understanding of 

the ecological effects of fire in the Madrean Archipelago. Few studies have 

focused on fire effects or histories in the upper encinal (Barton 1995, 



Swetnam et al. 1991). A iiterature search revealed that no other studies of 

fire effects or histories have been COTipleted within the pygmy conifer-oak 

scrub. 

Though limited in area, the pygmy conifer-oak scrub in the Santa 

Catahna Mountains should be C(Hisidered for prescribed or prescnbed natural 

fire for two reasons. First, this community is fire adapted and maintained; fire 

would rejuvenate this community. Certainly, the conversion of mature, 

decadent £l. pungens to widespread and numerous seedlings, and the robust 

stump-sprouting of Quercus spp., suggest a reinvigorated vegetative 

community as the result of fire. Second, decades of generalized fire 

suppression within the Santa Catalinas has resulted in the heavy buildup of 

dry fuels within the pygmy conifer-oak scrub as A- pungens matured to its 

present decadent condition. This unnatural buildup of fiiels threatens adjacent 

improvements (summer homes) and access to the Mt. Lemmon Highway 

creating a management priority for the Forest Service since it insures high 

visibility for whatever decision is made concerning the role of fire within the 

pygmy conifer-oak scrub. The choice confronting management is whether 

fire occurs in a prescribed/managed context or an uncontrolled/suppressed 
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one. Given adequate resources and a working knowledge of prescribed or 

prescribed natural fire within the pygmy conifer-oak scrub, the choice is 

obvious. This vegetative community is long overdue for fire, and thus would 

benefit ecologically fi'om its reintroduction. 
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