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ABSTRACT 

Arctostaphylos pringlei Parry and A. pungens H.B.K. 

(Pringle's manzanita and pointleaf manzanita, respectively), 

two shrubby species of the family Ericaceae, are examined as 

they occur under natural conditions in the Santa Catalina 

Mountains of southern Arizona near the city of Tucson. 

Maps and a discussion of the respective distribu

tions of the two species within the mountain range are 

presented. Difficulties incurred in correlating substrate 

and plant distribution are discussed with emphasis on the 

importance of subsurface water caches and long plant tap

roots. 

Phenological data for 1975-76 are shown along with 

photographic sequences illustrating characteristic growth 

patterns for shrubs over 100+ yr periods. Ring-forming 

patterns in A. pungens and arborescent tendencies in A. 

pringlei are detailed. Fire history in the Chaparral Zone 

of the Catalinas is considered in relation to manzanita 

germination and stand ages. 

Botanical species associated with the subject genus 

are listed and quantified for two important areas previously 

unreported in the Catalinas. Animal associates including 

some new insect data are given for the Arctostaphylos. 

Morphological peculiarities of leaves and stems are briefly 

xiii 



xiv 

discussed in terms of light requirements and water rela

tions . 

Ecological roles and strategies for each species 

are hypothesized. Arctostaphylos pungens is characterized 

by opportunistic growth and development responding to a 

variable number of temporarily favorable temperature and 

moisture conditions during the year rather than unique 

seasonal triggers. This species also exhibits independence 

of action for the subdivisions of an individual plant, e.g., 

at one level of subdivision, physically adjacent vascular 

strands of the stem may show different cvcles of function 

and death according to the fate of the roots and leaves they 

connect. 

Arctostaphylos pringlei gambles its resources for 

seed production on one opportunity for flowering per year. 

In contrast to A. pungens it employs coordinated union of 

individual stems into an arborescent trunk. 

Both species are considered "spoilers" in their use 

of phytotoxins to curtail plant competition. Both are 

strongly sun-requiring. Each shows capacity for genetic 

mixing with spatially nearby Arctostaphylos. 



CHAPTER 1 

INTRODUCTION 

Statement of Purpose 

It is the intent of this work to examine two species 

of shrubs, both in the genus Arctostaphylos Adans., as they 

occur natively in the Santa Catalina Mountains of southern 

Arizona. The examination is from the viewpoint of botanical 

ecology; its purpose is to discover the major environmental 

roles played, and ecological strategies employed, by the two 

species within the physical and biotic systems of the Cata-

linas. In developing an outline of roles and strategies, 

correlation among the following are made: published reports 

and maps; unpublished information from local scientists and 

officials of the public domain; and field and laboratory 

data acquired by the author during the study. The text is 

intended to be useful not only to those interested in con

ducting in-depth ecological studies and to life science 

oriented persons needing general biological data about these 

shrubs, but also to natural resource managers. 

Limitations of the Study 

In this work, the author examined as many aspects of 

Arctostaphylos pringlei Parry (Pringle's manzanita) and 

Arctostaphylos pungens H.B.K. (point-leaf manzanita) as were 

1 
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possible within the imposed limits of time, money, and 

research facilities. Work began with planning in 1973, 

proceeded to concentrated investigation in 1974, and con

cluded in mid-1976. 

In order to identify roles and the strategies used 

to succeed at them, one must have information about 

ecological and geographical facts of the species' lives. 

Many common plants of the Santa Catalinas are unknown as far 

as these data are concerned. The early and excellent work 

of Forrest Shreve (1915) described patterns in the distribu

tional aspect of whole life zones, which were later 

amplified by the work of Whittaker and Niering (1964, 1965, 

1968a, 1968b) for many individual species. But both of these 

investigations were limited by the scale of the mountain 

range and by the accessibility problems. For instance, 

general distributions for the south side of the Catalinas 

were obtained from previous works, but all other sides remain 

largely uninvestigated. 

•ntological and phenological events were not explored 

by previous workers, either. As a result, if one wants to 

know details about any given species, one must go out into 

the whole mountain range and observe life events in all the 

seasons of the year, and preferably for more than one year. 

An observational contribution of this kind was a major 

objective of this study. 
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When the project was planned in 1973, the Yom-Kippur 

War in the Mideast and the attendant Arab oil embargo had 

impressed on Americans the fragility of gasoline resource 

availability. As a direct result, this project, which was 

funded entirely by the author and her family members, was 

set up with field objectives which could be achieved in the 

event of continued or intermittent gasoline shortages and 

very high prices. Extensive use of bicycle and foot travel 

were considered. Fortunately, the contingency plans were 

never implemented, which allowed a better coverage for areas 

accessible from roads, and probably cut the foot travel by 

50%. 

Another limiting factor was the lack of either 

sophisticated measuring devices or laboratory facilities for 

physiological investigations. This problem was solved by 

focusing investigation on correlations among field observa

tions, the unpublished knowledge of local personnel, and 

heretofore scattered library sources, in order to synthesize 

an overall and generalized picture of the ecological posi

tion of Arctostaphylos in the Catalinas. 

Format of Text 

The organization of the following text is by subject 

matter rather than by traditional experimental format. This 

innovation is used for two reasons. First, using the tradi

tional subdivisions for a work with many subsections of 
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investigation appeared redundant and cumbersome. Second, 

the present form facilitates the lay, or non-botanical, 

reader in finding the topic which might be helpful to him. 

It was one of the avowed purposes behind undertaking such a 

study that it be useful to those seeking general biological 

material on these shrubs in this particular geographical 

setting. 

In the text, the larger picture of Arctostaphylos in 

the Catalinas is divided into four investigative sections 

which cover three traditional ecological concerns— 

Phytogeography, Autecology, Synecology—and one that is of 

relatively recent interest--Role and Strategy. 

A short rationale begins each of the four major 

sections. Thereafter, in each section is a series of topics 

which the author considered, including previous research, 

original contributions and discussion of current knowledge. 

The fourth section, Roles and Strategies of 

Arctostaphylos, is a contribution to some recent theoretical 

considerations in plant ecology. It is intended to stimu

late further ecological research interest. 

In Conclusions will be found those statements of 

synthesis regarding Catalina Arctostaphylos which are 

either new data or are new correlations using previously 

published information. 
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Justification of Research 

Arctostaphylos are not economically important plants 

in their Catalina setting. iv not presently 

of great economic importance in the sense of farming, 

ranching, or lumbering. Its great significance for con

temporary human populations lies in the intensive use as a 

year-round recreational area for the metropolis of Tucson, 

Arizona, which fills the valley floor on the south side of 

the mountain range. 

Considering the high attrition rate of wild areas 

suitable for recreation and for study of plants in their 

natural situation, the Catalinas assume greater importance 

every year. Since the future of any natural area is un

certain in the face of continued economic development, it 

seems wise, even imperative, for researchers to learn as 

much as possible, as soon as possible, about the natural 

inventory and the functional interrelationships of the 

natural areas that remain. It is this thought that pri

marily provided the impetus for doing this study. 

For those not familiar with these mountains, it is 

worthwhile to comment briefly upon their characteristics. 

The crowning glory of the Santa Catalina Mountains 

(Fig. 1) is variation. In a distance of 1860 m (6000 ft), 

six Ecologic Formations (Brown and Lowe 1974) are spanned 

from Desertscrub through Forest, even including scattered 

Marshland. There are pine forests, meadows and wildflowers, 
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SANTA CATALINA MOUNTAINS 
ARIZONA 

foooi'apnic contot 

Fig. 1. Map of the Santa Catalina Mountains, Arizona, 
showing selected topographic contours (in feet), 
and major landmarks pertinent to this study — 
Redrawn from USGS 15* Series maps by Marilyn 
Huggins. 
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swimming holes, spectacular cliffs, year-round picnic and 

camping areas, interesting wild animals, forest fires, 

storms, and perhaps best of all to most people, a road 

system that crosses the range, providing access from the 

city to a net of foot trails that covers nearly all parts of 

the mountains. 

This study focuses on an extensive zone, but one 

which receives few cheers from any human group, the Chaparral 

or brushland zone. The two important members of the 

chaparral of primary concern, Arctostaphylos pringlei and 

A. pungens, are roundly cursed by back country travelers 

because they are hard to travel through. Otherwise, an 

attitude of disinterest prevails. 

Even as an economic resource, shrubs are in their 

investigative and exploitative infancy (McKell 1975) having 

been regarded as a poor substitute for grass and trees. But 

in the game of the bios--the accommodation of living forms 

to a continuously evolving world--species with the shrub 

life form are long-time winners. They can and do meet the 

challenge of change. The following study approaches under

standing of this success by asking, "What roles do species 

of Arctostaphylos play in their world?" and, "What strate

gies do they employ to succeed in these roles?" 



CHAPTER 2 

PHYTOGEOGRAPHY 

Phytogeography concerns where a species is found 

relative to planet Earth. It spans the worldwide distribu

tions down through narrowing foci to the plant's preference 

in microhabitats. A plant geographer is interested in these 

telescoping pictures for their implications regarding the 

travels of species and of land-masses in geological time, 

for the origins of individual traits and for the evolution 

of whole plant communities. Since this study is particu

larly concerned with the Catalina mountain range, most 

geographical data are focused on this locale, but state 

distributions are also mentioned to put the isolated 

mountain situation in context with comparable, nearby 

areas. 

World and State Distribution of the Species 

The genus Arctostaphylos is native to North America. 

It has its modern center of distribution in northern 

California. There are found the largest number of species 

and the most numerous individuals. Its fossil, or 

geological-record, center is in southern California. 

Within the contiguous U.S.A. it occurs in Arizona, 

California, Colorado, Nevada, and thence extends southward 

8 
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through the Mexican Highlands to Central America (Adams 

1940, Schopmeyer 1974). One species, A. uva-ursi, is 

circumpolar. The other, approximately 50, species are less 

cosmopolitan, including several narrowly restricted endemics 

(Munz and Keck 1965). 

Kearney and Peebles (1960) list four species of 

manzanita for the state of Arizona. Of these, two occur in 

the Santa Catalina Mountains. Their ranges are considered 

below. The statement of Arizona county distributions shown 

in Fig. 2 is based on Arizona Flora and on specimens 

examined by the author in the University of Arizona 

Herbarium as of July, 1976, and in the National Arboretum 

as of November, 1976. 

Arctostaphylos pringlei occurs in Southern 

California, including the San Bernardino Mountains. In 

Mexico it is reported from the Sierra Juarez and Sierra San 

Pedro Martir of Baja California (Wells 1972). In Arizona 

it is found in every county except Apache (in the extreme 

northeast), Yuma (in the most severe desert), and Santa 

Cruz. 

The author did not undertake to seriously pursue the 

distribution of A. pringlei in the southern part of the 

state. Its apparent absence from the Santa Rita Mountains 

of Santa Cruz county is peculiar and of interest to those 

studying relict populations in desert mountain ranges. 
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Arctostaphylos pungens, whose type locale is 

approximately Mexico City on the Mexican Plateau, is 

reported by Vines (1960) from the Mexican states of 

Chihuahua, Coahuila, Oaxaca, and Veracruz as well. Among 

U.S. states it is found in Arizona, California, Colorado, 

New Mexico, Texas, and southern Utah. In Arizona it is in 

southern Apache, in northern Mohave County, and continues 

south to Cochise, Pima, and Santa Cruz. Only Yuma County 

has no recorded specimens. 

Spatial Distribution in the Catalina Mountains 

The map in Fig. 3 which shows the known distribution 

of the genus, broken down according to species, is a result 

of the searches of the author and some of her mountaineering 

associates who have been willing to collect samples of 

manzanita during their travels. Figure 4 maps the roads, 

trails, cross-country routes, and spot-checks which were 

made during the course of this study. Any manzanita 

observable in or from these areas by naked eye or binoculars 

was considered in compiling Fig. 3. 

It would be foolish to say that the distribution is 

known in great detail because, in spite of much walking, 

there are still areas which have not been carefully 

searched, especially for A. pringlei. Nevertheless, the 

general boundaries shown in Fig. 3 are submitted to exist 

by this author. 
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SANTA CATALINA MOUNTAINS 
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Fig. 3. Spatial distribution of Arctostaphylos pringlei and 
A. pungens in the Santa Catalina Mountains — 
Drawn by Marilyn Huggins from data collected by 
Annita Harlan. 
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SANTA CATALINA MOUNTAINS 
ARIZONA 
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Fig. 4. Areas covered in distributional research by the 
author, including trails, crosscountry routes, and 
spot-checks — Drawn by Marilyn Huggins. 
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Currently available United States Geological Survey 

topographic maps and their derivatives with green overlay 

can be used to demarcate the lower edge of Arctostaphylos 

if one takes the overlay's lower boundary as the lower 

distributional limit. Arctostaphylos boundaries in the 

upper limit are coterminal with the deep, shady pine forest. 

Therefore the heavily wooded summit of the range has 

manzanita only in cleared areas. 

It will be noted that the two species have differ

ent distributions. Summarily presented, A. pungens is the 

more wide-ranging. Its tolerances extend over 1085 m 

(3500 ft) in elevation from about 1375 m (4500 ft) near 

Oracle, Arizona, to about 2480 m (8000 ft) at Reef of Rock 

on the north side of the range. Arctostaphylos pringlei is 

found from about 1488 m (4800 ft) in Romero Canyon on the 

west side, to 2356 m (7600 ft) at Milepost 18 on the 

Catalina Highway. 

Whereas A. pungens can be found all around the 

perimeter of the Catalinas (Fig. 5), A. pringlei is 

apparently confined to the south, and particularly the 

southeast, portion (Fig. 6). Its center of abundance 

appears to this author to be Molino Canyon. On the north

east side it stops in the deep, forested canyons that fall 

away eastward from San Pedro Vista on the Catalina Highway 

(Fig. 7). To the southwest, it becomes more and more 

scarce until, on the steep, arid, west faces of Sanmaniego 
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Fig. 5, South wall of Burro Creek on an east-facing 
exposure at 1364 m (4400 ft) with abundant 
Arctostaphylos pungens and grasses -- Photo by 
Thomas Harlan. 



Fig. 6. View from 2100 m (7000 ft) on Catalina Hiqhway 
eastward to Guthrie Mountain -- Arctostaiuhylos 
Pringlei and A. pungens are abundant in all this 
area. Photo by Annita Harlan. 
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Fig. 7. One of the deep-forested canyons that form a 
possible barrier to Arctostaphylos pringlei on the 
east side of San Pedro Vista -- Photo by Thomas 
Harlan. 
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Ridge, it disappears (Fig. 8). This area also supports a 

very few A. pungens plants. On a trip from the top of the 

Catalinas, Mt. Lemmon, down Sanmaniego Ridge, and thence 

down West Ridge to Highway 89, the author saw no more than 

a score of A. pungens bushes either on the ridges or in the 

canyons on either side. 

It seems possible that this situation is a his

torical one. For instance, A. pringlei may have entered 

the range from the southeast at some point in the past, and 

not have found conditions favorable to continue its spread 

around the mountain range. If this suggestion were correct, 

evidence for it might be found by observing, over the next 

few decades, whether or not the presence of the Catalina 

Highv/ay allows the species to cross the range. The road 

edges are ideal continuous habitat for the genus. 

Alternative ideas about distributions are considered 

later in this dissertation. 

Substrate Distribution within the 
Arctostaphylos Zone 

No soil sampling was done by the author. All con

clusions are made using already published soil data plus 

the unpublished expertise of experienced observers. 

Although it was originally assumed by the author that soil 

differences must account for the peculiar hiatus of A. 

princflei on the north side of the mountains, that problem 

remains unresolved, and it is clear that substrate must be 
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Fig. 8. View east and upward on West Ridge from about 1550 
m (5000 ft) -- Arctostaphylos very sparse in this 
region, replaced by pinyon juniper, Ouercus 
hypoleucoides and Q. reticulata. Photo by-Thomas 
Harlan. 
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studied in more detail than heretofore if the validity of 

the original assumption is to be properly evaluated. 

As reported by Everett (1964) of the Rancho Santa 

Ana Botanic Garden in Claremont, California, and verified 

by the author in the field, Arctostaphylos will not grow on 

heavy, poorly drained soils. One of the main reasons cited 

by Everett is fungus. Botryosphaeria attacks the plants and 

causes die-back in heavy soils. This factor probably 

explains the absence of Arctostaphylos colonization in 

meadows near the summit of the Catalina range. 

The Catalina Arctostaphylos are like other members 

of the family Ericaceae in being calciphobes. In the mixed 

substrates shown in Fig. 9 there are limestone outcrops of 

considerable extent where almost no manzanita is to be 

found. However, even here, there is not complete exclusion. 

One of the phenological study sites in Nugget Canyon has a 

plant of very low vigor and vitality growing in pure lime

stone. The individual is short--less than 4.5 cm (18 in) 

high--and only about 1.7 m (5.5 ft) in diameter, is two-

thirds deadwood, produced very few flowers and had a poor 

berry crop in 1975, a non-existent one in 1976. Uphill 

about 30 m (100 ft) there are large, healthy A. pungens 

growing in a mixed limestone and granite area. 

Using a currently available Forest Service map of 

Catalina soil types (Clemmons 1975), a characterization of 

soils generally favorable to manzanita can be derived as 



Fig. 9. Geologic substrates of the Santa Catalina 
Mountains, adapted from Wilson, Moore, and Cooper 
(1969) by Annita Harlan — Drawn by Marilyn 
Huggins. 

Legend: TKgn = Metamorphic rock. Gneiss derived from 
intrusive rocks of early Tertiary and Late 
Cretaceous, but locally containing sedi
mentary and igneous material of Precambrian 
to Cretaceous time periods. 

TKg = Intrusive granite, quartz monzonite, 
granodiorite, quartz diorite, porphyry and 
valents of these from Tertiary and 
Cretaceous time. 

pEgr = Intrusive granite, quartz monzonite, 
granodiorite and quartz diorite from 
Precambrian times. 

Mixed = Northern area is sedimentary rock including 
limestone and basalt flows of various ages. 
Southern area is diorite and sedimentary 
rock of various ages. 
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Fig. 9. Geologic substrates of the Santa Catalina 
Mountains, adapted from Wilson, Moore, and Cooper 
(1969) by Annita Harlan. 
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follows: Schist, granite and gneiss parent material; a slope 

of 25% or more; Drecipitation of about 20 in per year; pH of 

6.5-6.7; steep, mountainous landform with shallow horizon 

depth, averaging about 12 in; a field capacity of 1.7 in and 

plant available water of 1.4 in; many larger-sized rocks to 

boulders to rock outcrops. 

Several facts temper the confident use of the 

Clemmons map to predict which soils Arctostaphylos will 

colonize, however. 

First, non-sprouting manzanitas like A. glauca, 

or either Catalina species, have coarse major roots, growing 

laterally to 31 ft or more (Hellmers et al. 1955). These 

roots are able to penetrate rock moderately well and may 

find pockets of soil in the diverse granite substrate of 

the Catalinas which are more favorable to plant growth than 

the site out of which the aerial portion springs. For this 

reason, there is considerable uncertainty about what kind of 

substrate a mature plant is actually exploiting. 

Secondly, using the Clemmons map, some soils are 

seen to favor, and some to apparently not favor, manzanita 

growth. But a given soil may support or may not support 

manzanita depending on which part of the mountain range one 

is examining, elevational factors being held constant. 

Use of the Clemmons map relative to Arctostaphylos 

distribution does confirm granite-gneiss preference and 

limestone avoidance, but there are discrepancies. 
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One of the more exasperating anomalies, if one is 

interested in predicting occurrence of the genus, is the 

area of TKg geological substrate (Fig. 9) in Canada del Oro 

on the north side of the range. In spite of the expectation 

based on abundant south side distribution of both manzanita 

species on TKg substrate, that A. pringlei would be found, 

this area does not support this species. Not only that, 

but the Clemmons' soil types developed on north-side TKg are 

also different from those found on the south side. Since 

neither soils nor plant species are predictable from parent 

material alone, it is reasonable to assume that some 

important factor (or factors) is being left out. For the 

soil discrepancy, differential weathering from parent 

material to soil is an immediate suspect, but that may not 

be the whole answer. 

In the search for better correlations between 

manzanita distribution and substrate, the author found it 

useful to consider a hydrological rather than a strictly 

edaphic viewpoint. The difference lies in consideration of 

what sort of material is found below the soil proper. 

Of great interest is the work of ilibbert, Davis, and 

Scholl (1974) on Chaparral, the Ecologic Formation to which 

manzanita belongs. These authors say that the species grow 

on rocks which weather to produce a deep, coarse regolith. 

Rock types such as basalt, limestone, and quartzite (see 

TKg constituents Fig. 9) which weather to a relatively 
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fine-textured, shallow regolith, normally do not support 

Chaparral. Instead, juniper, pinyon or grass occur. 

Regolith includes soil and parent material and is defined 

as "porous material." This view of the rooting material of 

shrubs is different from that of many soil workers who 

speak of Chaparral as occurring in shallow soils and do not 

give consideration to whether plant roots exploit only the 

shallow soil. 

The hydrologist1s view of including the C horizon as 

part of the soil in the sense of a rooting medium, is a very 

important addition for understanding manzanita, with its 

deeply-penetrating roots. Hibbert et al. (1974) point out 

that soils of Chaparral usually have no B horizon. The A 

soil horizon is only a few inches thick and C has great 

depth. The C is hydrologically important even though total 

porosity may be only 20-25%. Because of deep weathering, 

this zone stores much winter rain which the deep-rooted 

shrubs use during dry periods. 

When the author began to examine the west escarpment 

of the Catalinas from this standpoint, many puzzles began to 

clear up. West Ridge is observed to have very little 

manzanita, but a remarkable amount of pinyon (Pinus 

cembroides) particularly in the upper elevations. Also, the 

soil of West Ridge is very fine and powdery. And, the 

manzanita that are found tend to be in the drainages, where 

subsurface water availability is consistently better than 



anywhere else. Given the fine soil, Hibbert's generaliza

tion is borne out. That is: Chaparral is shifted to Pinyon 

Woodland in the upper elevations. In the lower elevations 

where Hibbert et al. (1974) predict grasses, there has been 

much grazing which obscures, but does not obliterate, the 

validity of the expected pattern. 

Regarding this same perspective about substrate, 

Merlin Richardson (1976, personal communication) of the 

U.S. Soil Conservation Service has been interested for some 

time in the peculiar weathering properties of the Catalina 

granite south and west of Charouleau Gap because of its 

propensity for producing a regolith of large boulders plus 

very fine sand. This is the northernmost area of which 

West Ridge is part. 

Thus, it would seem that some combination of parent 

material and weathering factors is producing a unique 

substrate on that side of the Catalinas, and the net result 

for Arctostaphylos is a regolith too arid for good develop

ment. 

Aspect Differentials in Distribution 

Since aspect, the compass-bearing or facing-

direction, of a slope is an important feature in determina

tion of the amount of sunlight, evapotranspiration, precipi

tation, temperature, wind, and, thereby also plant 

competition to which a mountain species is subjected, plant 
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geographers properly give consideration to it in describing 

distributions. 

Of the aspect classes for open slopes which were 

defined by Whittaker and Niering (1965) , four were selected 

for use in this study (Tables 1-3, Fig. 10). These are: 

1. N, NNE, and NE 

2. E and NW 

3. SE and W 

4. S, SSW, and SW 

(Note: in Molino Canyon, because of the prevailing 

topography, the SE and W aspect was not used; an ESE aspect 

was sampled instead.) 

In considering the work which has been done on 

aspect in manzanita species, it is important to remember 

the sampling bias of the investigator. In the extensive 

work of Whittaker and Niering (1964, 1965, 1968a, 1968b), 

the investigators were interested in the overall flora and 

vegetation of the Catalinas, and accordingly with this large 

task, laid out their sampling areas close to the road 

system. Consequences for their Arctostaphylos data are 

considered here and in the section on Fire Relations. 

This author approached the Whittaker and Niering 

work to see if it could be used as a model to predict where 

either species of manzanita would be found. Had time and 

resources permitted, it would have been preferred to make 

quantitative checks around the perimeter of the mountains 
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Table 1. Vegetational parameters by aspect, baseline (I-IV), 
and transect number (1-4) for A. pringlei in 
Molino Canyon — Data from Annita Harlan. 

Transect 
no. 

No. 
plants/ 
exp. 

o. 
*o 

Crown 
cover 

o. 
o 

Compo
sition 

Ave.no. 
plants/ No. and % 
ha frequency 

ssw 1-1 0 0 0 0 6 / 24 
218° -2 0 0 0 0 
30% -3 4 31. 6 24 800 
slope -4 1 8.8 10 200 

250 plants/ha over 
transect 

ESE II-l 0 0 0 0 0 / 0 
105° -2 0 0 0 0 
20% -3 0 0 0 0 
slope -4 0 0 0 0 

0 plants/ha over 
transect 

NW III-l 0 0 0 0 1 / 4 
310° -2 1 27.2 31 200 
30% -3 0 0 0 0 
slope -4 0 0 0 0 

50 plants/ha over 
transect 

NE IV-1 0 0 0 0 1 / 4 
45° -2 2 16.4 20 400 
30% - 0 0 0 0 
slope -4 0 0 0 0 

100 plants/ha over 
transect 
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Table 2. Vegetational parameters by aspect, baseline (I-IV), 
and transect number (1-4) for A. pungens in Burro 
Creek — Data from Annita Harlan. 

Transect 
no. 

No. 
plants/ 
exp. 

o 
"o 

Crown 
cover 

o. 
"O 

Compo
sition 

Ave.no. 
plants/ No. and % 
ha frequency 

E 1-1 1 34. 6 62 200 13 / 52 
90° -2 2 13.2 25 400 
52% -3 0 0 0 0 
slope -4 1 47.6 82 200 

200 plants/ha over 
transect 

W II-l 4 24 53 800 12 / 48 
270° -2 1 13.8 54 200 
55% -3 2 30.4 30 400 
slope -4 0 0 0 0 

350 plants/ha over 
transect 

S III-l 4 27.6 61 800 11 / 44 
180° -2 1 15 44 200 
30% -3 1 14.4 36 200 
slope -4 1 0.6 5 200 

350 plants/ha over 
transect 

NE IV-1 1 39.8 84 200 11 / 44 
350° -2 1 5.8 24 200 
38% -3 1 18.8 45 200 
slope -4 1 40.8 73 200 

200 plants/ha over 
transect 
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Table 3. Vegetational parameters by aspect, baseline (I-IV), 
and transect number (1-4) for A. pungens in Molino 
Canyon — Data from Annita Harlan. 

NO. Q. 
"O 

o 
o Ave.no. 

Transect plants/ Crown Compo plants/ No. and % 
no. exp. cover sition ha frequency 

ssw 1-1 8 47.2 43 1600 20 / 80 
218° -2 5 37.8 41 1000 
30% -3 5 40.4 30 1000 
slope -4 9 46 53 1800 

1350 plants/ha 
over transect 

ESE II-l 0 0 0 0 10 / 40 
105° -2 1 0.2 0 200 
20% -3 1 2.4 7 200 
slope -4 5 27.2 33 1000 

350 plants/ha 
over transect 

NW III-l 3 41.4 44 600 18 / 7 2 
310° -2 2 28 33 400 
30% -3 4 46.4 53 800 
slope -4 4 24. 4 27 800 

650 plants/ha 
over transect 

NE IV-1 1 9 19 200 1 / 4 0  
45° -2 5 21 25 1000 
30% -3 0 0 0 0 
slope -4 1 3.6 5 200 

350 plants/ha 
over transect 
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MOLINO 
CANYON 

5 2 0 0 '  

BURRO 
CREEK 4 4 0 0  

4 4 0 0  

Fig. 10. Compass orientation of sampling transects in 
Burro Creek and Molino Canyon. 



and at all elevation zones. Instead, the author chose two 

sites on the southeast corner of the mountain range which 

promised to be new in terms of ecological field work, and 

which were in a region that she knew had very thickly grow

ing manzanita. The methodology is covered in more detail 

in the section on Associations with Plant Species. 

In their 1964 publication, Whittaker and Niering 

present distributional information about both species: 

for A. pringlei, the usual situation is xeric slopes with 

pine forest at an elevation of 2480-3100 m (8-10,000 ft); 

on intermediate slopes in the pine-oak forest in the 1860-

2480 m (6-8000 ft) zone; and mesic slopes in the pine-oak 

woodland and other communities below 1860 m (6000 ft) . In 

Table 4, occurrences by elevational zones are summarized. 

For A. pungens, the typical situation given by 

Whittaker and Niering is xeric slopes with pine-oak woodland 

and forest at about 1240-1860 m (4-6000 ft); and mesic 

slopes in desert grassland and desert below 1240 m (4000 

ft). Table 4 also gives a summary of elevational distribu

tions for A. pungens. 

This author's distributional work shows that 

Whittaker and Niering*s descriptions for A. pungens eleva

tional aspects are inadequate. The species occurs in both 

high zones III and IV (see Table 4), favoring the same kind 

situations as listed for A. pringlei in those elevations. 

It also extends downward into zone VIII (below 1240 m) 



Table 4. Summary distributional information for A. pringlei and A. pungens, south 
side of Santa Catalina Mountains — From Whittaker and Niering (1964, 
1965). 

Elevational Distributions 

Species 

Zone III 
2480-2790 m 
(8-9000 ft) 

Zone IV 
2170-2480 m 
(7-8000 ft) 

Zone V 
1860-2170 m 
(6-7000 ft) 

Zone VI 
1550-1860 m 
(5-6000 ft) 

Zone VII 
1240-1550 m 
(4-5000 ft) 

A. pringlei 
most xeric 
open southl
and SW-
facing 
slopes 

as in III 

A. pungens 

cEf 
open, N-
facing 
slopes; mode 
is open SE 
and WSW 
slopes; as 
in III 

cF 
open N-
facing 
slopes; mode 
is most 
xeric, open 
S and SW 
facing 
slopes 

bCe 
shallower 
draws & lower 
slopes of 
canyons; 
mode is open 
N-facing 
slopes; open 
SE I WSW 
slopes 

bDf 
shallower 
draws & 
lower slopes 
of canyons; 
mode is open 
intermediate 
E- and W-
facing 
slopes; as 
in III above 

ab 
deeper 
ravines or 
canyons with 
flowing 
streams; 
shallower 
draws and 
lower slopes 
of canyons 

aBc 
deeper 
ravines or 
canyons with 
flowing 
streams; 
mode is 
shallower 
draws & 
lower slopes 
of canyons; 
open N-
facing 
slopes 



where it favors NE-facing slopes and sites generally like 

those listed for it in zone VII. 

Whittaker and Niering's generalizations for 

Arctostaphylos pringlei seem more valid and accord better 

with the author's experience. However, both species 

exhibit a preference for S, SSW, and SW and a scarcity on 

N, NNE, and NE slopes in the Molino Canyon (zone VI) member 

of this author's study sites which put in doubt the "modes" 

of other exposures given by Whittaker and Niering for this 

zone (VI) in Table 4. In the same line, A. pungens at Burro 

Creek, presumably in zone VII, also exhibited an open-slope 

S, SSW, and SW preference inconsistent with the data of 

Table 4. 

Whittaker and Niering's prediction for A. pungens in 

the 1246-1550 m (4-5000 ft) zone seems to be more true of 

the 930-1240 m (3-4000 ft) zone in the southeast corner of 

the mountains from Molino Basin east to Burro Creek. These 

corrections and additions to the work of Whittaker and 

Niering show, among other tilings, that there is still a lot 

of interesting and surprising phytogeography awaiting 

further investigations in the Catalinas. 

An intrinsic similarity between the two species, 

which may indicate a climatic shift in recent years, is 

indicated by the author's following observations. At A. 

pringlei's lower distributional edge in Molino Canyon, both 

it and A. pungens show their best array of ages on the SSW 
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aspect. There can be found manzanita shrubs from immature 

adults to senescent forms. Both also show young adult 

plants on the NE-facing slope where older individuals are 

not in evidence. Since there is no evidence of fire on any 

of the aspects in this study area, it can be concluded that 

the NE-facing slopes have recently become more favorable for 

seed germination and seedling establishment. 



CHAPTER 3 

AUTECOLOGY 

Autecology is the study of the individual plant and 

its physical parts in ecological context. It includes the 

anatomy of the plant body, the characteristics by which 

humans identify it, the time intervals during which it 

passes through normal growth and developmental stages, its 

genetic and chromosomal traits and their influence over its 

adaptation. Of particular moment in long-lived perennials 

is the ageing process, its speed and its consequences to the 

plant body. Also included in the subject are all those 

aspects of internal physiology which enable the plant to 

exist in its habitat. These last aspects are largely 

inferential in the present work. 

Taxonomic Characteristics 

As attractive, evergreen, red-barked shrubs to small 

trees, the manzanitas have ramifying, brittle branches which 

are esteemed for their graceful curves but cursed for their 

ability to tangle the traveler attempting to go through 

them. In the late winter and spring of favorable years, 

their masses of pink blossoms make a pleasant display in the 

Chaparral and Oak zones of the Catalinas. Their fragrance 

is not sweet, but distinctive. 
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Much good information on the appearance of both 

Catalina species can be found in Adams (1940) and Eastwood 

(1934), and the variations of the genus are verbally well-

described in the Arctostaphylos keys of California Flora 

(Munz and Keck 1965). However, as the two species occur in 

the Catalinas, confusion may be saved when attempting t~' 

distinguish between the two by checking the following list 

of comparisons. This was developed by the author in 

response to the wide variability of specimens in the local 

mountains. 

Arctostaphylos pungens 
H.B.K. 

glabrous leaves, usually 
shiny 

spiny point on leaftip 

glabrous to velvet 
pubescence on young 
branchlets and new 
leaves 

shiny red-brown berries 

variable leaf size, ca. 
2-4 cm (0.8-1.6 in) 

yellow-green foliage 

variable but usually 
spatulate leaf shape, 
entire margins 

inflorescence a drooping, 
crowded, club-shaped 
raceme 

Arctostaphylos pringlei 
Parry 

glandular hairs on young 
stems, leaves, flowers, 
and fruits 

some leaftips without 
points 

sticky to scabrous 
pubescence on young 
branchlets and new leaves 

hairy red-brown berries 

variable leaf size, ca. 
2-4 cm (0.8-1.6 in) 

more bluish color to 
foliage 

variable but usually 
spatulate leaf shape, 
entire margins 

inflorescence a straight, 
more open raceme 



Arctostaphylos pungens Arctostaphylos pringlei 
H.B.K. Parry 

shrub form and often low large shrubs to small 
to the ground trees in maturity 

In the field one looks primarily for the shape of 

the inflorescence (Fig. llb,c). On plants too young to have 

flowered, one must rely on the glandular pubescence of A. 

pringlei to distinguish it from A. pungens. Sometimes this 

is very difficult. 

The flowers of the two species are quite similar 

(Fig. 12). Leaves of either species have stomates on both 

sides and may show hairs, but the pubescence of A. pungens 

lacks glandular tips, and one sees long, soft, unbranched 

hairs rather than short, stiff ones. The fruits of both 

species are reddish berries, and are similar in cross-

section (Fig. 12). In the Catalina fruits, the degree of 

coalescence of the nutlets as seen by this author is quite 

variable and should not be taken as a reliable taxonomic 

character. 

Anatomy 

Unless otherwise stated in the following discussion, 

observations are for Catalina Mountain specimens and were 

made by Annita Harlan. 
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c 

Fig. 11. Representative flowers of Catalina Mt. 
Arctostaphvlos — (a) Longitudinal section, 
flower of Arctostaphylos spp.; (b) inflorescence, 
A. pungens; (c) inflorescence, A. nringlei. 
Drawn by Marilyn Huggins from material collected 
in the Catalinas by Annita Harlan. 
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Diagram of Immature Fruit 
of Arctostaphvlos punaens 

cross-section 
8.5 mm 

'embryo 

endosperm 

endocarp 

§ 

mesocarp 

exocarp 
longitudinal section 

*these comprise the nutlet or "seed1  

Fig. 12. Diagram of immature fruit of Catalina 
Arctostaphylos pungens -- Dissection interpreta
tion by Annita Harlan. Drawing by Marilyn 
Huggins. 



Leaf and Stem 

The leaves of both A. pungens and A. pringlei are 

referred to as "coriaceous" or leathery because the mature 

leaf is thickened and somewhat flexible. The young leaves 

just after expansion, however, are thin and tender and keep 

this appearance for several weeks. Leaves on seedling 

plants are also thin, are prominently reddish and exhibit 

serrate margins instead of the entire margins of all leaves 

on older plants. 

It is often noted that the alternately branched 

leaves are much alike on both surfaces and are held 

vertically on the plant. Stomate density is approximately 

alike on both surfaces of the leaves in both species. This 

characteristic was made part of the taxonomic features 

among species of the genus by Howell (1945:62) because of 

its constancy from species to species and because of what 

he felt was its evolutionary significance. He regarded 

A. uva-ursi, which has no upper stomates, as the most 

primitive member of Arctostaphylos. The group with 

bifacial leaves to which both Catalina species belongs he 

regarded as next most primitive. He thought this leaf 

developed when "a relatively mesophytic progenitor became 

more xerophytic during a geologically ancient incursion into 

some southern American desert, presumably in the Mexican 

region" (Howell 1945:62). 
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Although not done in this dissertation, the nature 

of the xerophytic adaptation in both A. pungens and A. 

pringlei leaves could be pursued through a coordinated 

anatomical and physiological study. 

In hand-made cross-sections of older manzanita 

leaves (Fig. 13) it is observed that both species have 

numerous stomates (15-20 y diameter) on both surfaces. 

These are not sunken and have kidney-shaped guard cells. 

They lie on the surface of a prominent cutin layer. 

Beneath the cutin are one to three layers of very thick-

walled epidermal cells. These have long processes, 

extensions of the cell-wall thickening, which reach down 

between the palisade parenchyma cells. Some of these 

processes are as long as two or three parenchyma cell 

lengths. 

The anatomy of the top and bottom of the leaves of 

both species is very similar. There are, however, about 

twice as many hairs on the top as on the bottom surface. 

Hairs appear to originate from the leaf veins. 

In the center of the leaf there are small (100-200 y 

long), ovoid air spaces with rather poor spongy parenchyma 

development consisting of rounded cells closely packed 

around the air spaces. Veins occur at + regular intervals 

(400-500 y for A. pungens; ca. 100 y for A. pringlei) along 

the leaf cross-section. 
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13. Diagram of cross-section of A. pringlei older leaf, 
from sketches by Annita Harlan -- Drawing by 
Marilyn Huggins. 
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The generally crooked stems of Catalina manzanita 

have thin, smooth, red-brown bark which peels off readily to 

reveal a chlorophyllous green layer underneath next to the 

white or cream-colored wood. Like the leaf structure, this 

photosynthetic arrangement seems worthy of study through 

histological and physiological means. 

The largest manzanita reported from California by 

Stilen in 1891 was 10.9 m (35 ft) tall, 2.2 m (7 ft) in 

diameter across the wide part of the canopy, and some 3.4 m 

(11 ft) in circumference at the widest, basal portion. I 

have not seen anything comparable to this in the Catalinas. 

Big manzanita here are always A. pringlei tree-forms 

up to about 6.2 m (20 ft) high and at least 4 dm (16 in) in 

trunk diamete; These occur in shaded canyon areas where 

the globose nature of the canopy is severely disrupted, 

hence canopy wiuth is not impressively developed. 

Flower, Fruit, and Seed 

The flowers of A. pungens are usually more white 

than those of A. pringlei, but this is not a constant 

character. Environmental factors like elevation and shading 

appear to affect the development of the pink pigment, e.g., 

sun favors pinkness. Upon initiation of fruit development, 

the bell-like corollas fall to the ground and produce a 

carpet of blossom under the bushes (Fig. 14) which is a 

resource for ants. The young, berry-like fruits are green 
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in color initially, but soon develop a red color on the top 

of any berry exposed to the sun. As development proceeds, 

this bi-color phase may pass and the whole fruit become a 

yellow-green (Fig. 31, p. 78). Eventually the fruit 

ripens to a red-brown very like the color of the bark. 

There is a difference in the shape of the mature 

berries of the two species. Arctostaphylos pungens fruit 

is flattened at the point of attachment, like an apple. 

Arctostaphylos pringlei fruits are more globose. The 

"nutlets" inside are variously coalesced. One may be able 

to separate out from one to five, or occasionally more 

(Schopmeyer 1974), wedge-shaped pyrenes with heavy, furrowed 

walls. 

Roots 

No laboratory examination of roots was done in this 

study even though their characteristics v/ould merit serial 

section examination in order to observe development of 

apices and root primordia. 

As was mentioned in the section on Substrate 

Distribution, the roots of both species of manzanita grow 

to many feet in length and exhibit the ability to deeply 

penetrate fractured bedrock. 

Everett (1964) reports that A. pungens plants root 

quite easily from cuttings. This is easily verified in the 

field by the layering phenomenon wherein mature plants 
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Fig. 14. Litter beneath A. pungens in the latter part of 
flowering — Debris includes old, fallen leaves, 
recently discarded leaves, and corollas. Photo 
by Annita Harlan. 
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whose branches contact the ground take root and send up 

shoots that assume the form of independent bushes. It is 

observed that A. pringlei can also layer, but this is not a 

common phenomenon and Everett does not report propagation 

from cuttings as a successful horticultural technique for 

this species. 

A characteristic of manzanita roots of great 

importance in many California species is the capacity to 

form enlarged root crowns at the soil surface. From these 

areas of food storage and bud protection, aerial shoots 

sprout after fires, enabling immediate recolonization of 

canopy space in the community. Neither A. pungens nor A. 

pringlei exhibit this morphological trait (Adams 1940). 

Whatever advantages there may be are lost to the Catalina 

species. 

Cytogenetics 

Introduction 

One of the more intriguing aspects of Arctostaphylos 

in the Catalinas is the lack of A. pringlei on the north 

slope of the mountains. If one travels on the Control Road 

between Mt. Lemmon and Oracle, Arizona, manzanita plants 

are a prominent feature, and one might easily think that 

both species are represented. But, in fact, the very large 

shrubs with big, bluish leaves that one imagines are A. 

pringlei, turn out to have A. pungens inflorescences. The 
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remarkable size and vigor and relative hairiness of these 

plants caused the author to wonder if they might be hybrids 

between the two species. 

The plasticity of morphological features in the 

genus has been a source of taxonomic confusion since 

botanists first began to examine them, resulting early in 

the allegation that hybridization is frequent (Eastwood 

1934). The exact number of recognized species has fluctuated 

according to the willingness of taxonomists to discriminate 

species on the basis of traits known to be highly variable. 

With this in mind, the author examined chromosomes 

of the two known species, plus a possible hybrid along the 

Control Road and another, different, possible hybrid found 

near Lizard Rock on the Catalina Highway. The author 

intended to determine if gross differences in chromosomal 

number were present and observable. Had this proved to be 

so, the notion of hybridization might have been supported. 

Particularly, the author expected a larger number of 

chromosomes in the Control Road "hybrid" in accordance with 

the thoughts of Solbrig (1972). He suggested that shrubs 

and trees, because of the relatively long life of individual 

plants, optimize variability. They tend, therefore, to have 

larger numbers of chromosomes than annual plants, which he 

feels simply wait until their needs for a particular, 

relatively uniform environment becomes available in space, 

in time, or both. 
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Method 

In the procedure followed here, very tiny buds were 

used from inflorescences in order to observe early stages of 

microsporogenesis. Those used were 1 mm or less in diameter. 

Most of the material examined was collected in the field 

and immediately preserved in a killing solution of three 

parts 95% ethyl alcohol to one part glacial acetic acid. 

In these buds, chromosomes did not stain well with 

aceto-carmine. It was found best to drop the buds into a 

vial of stain and a]low them to take it up for 2-3 hrs or 

longer. They were then removed and the anthers dissected 

uncer 20 x magnification. Obtaining good squashes from this 

material required cutting, then squashing with a blunt 

object and finally, the padded board and hammer technique. 

It should be noted that Dr. Oscar Ward obtained a 

better squash of young material that had been freshly 

collected, and with greater ease, than the author ever had 

subsequently. Either the difference lies with the experi

ence of Dr. Ward, or, material that has been preserved for 

a peri 1 of time in the killing solution and then transferred 

to 70% ethyl alcohol undergoes changes which reduce its 

ability to stain readily and squash out easily. 

Results 

The chromosomes examined proved to be very small, in 

the neighborhood of 0.5-1 y long. Polyploidy does not seem 
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to be present. Anther squashes revealed between 6 and 9 

chromosomes under 1000 x with phase-contrast microscopy. 

One or more especially large, dark division "knots" appeared 

consistently in chromosomal complements. 

Conclusions 

In view of the fact that the literature (Wells 1968) 

gives a base number of 13 chromosomes for the genus, the 

combination of 6-9 observable chromosomes with large 

possible clusters suggested to Dr. R. M. Harris (1976, 

personal communication) that translocation figures may be 

present. Since hybridization, if it is occurring in the two 

suspected hybrid forms examined, is not appearing as simple 

polyploidy perhaps genetic mixing is occurring via incorpora

tion of parts of chromosomes into an acceptor genome which 

employs translocation as a device to maintain structural 

variability. 

Verification of the number and configuration of 

meiotic chromosomes will require much more extensive work 

using magnifications in excess of 1000 x, and phase-

contrast microscopy and photography. Definitive solution 

>f the possible hybrid nature of the Arctostaphylos in the 

Catalinas might also require an extensive sampling system 

and intensive cytological investigation coupled with either 

breeding experiments or some kind of morphological trait 

comparison system in order to show degrees of hybridization. 
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Growth Sequence 

Germination 

The seeds of manzanita are stony. The very thick 

endocarp of the fruit invests the seed until cracking from 

fire heat or other severe scarification occurs. In 

laboratory experiments conducted with fresh material, the 

author attempted to burn seeds (pyrenes) to the degree 

necessary for germination and found that direct gas flame 

causes them to be completely consumed. They do not appear 

to be fire-resistant. Nevertheless, in Central Arizona, 

under natural field conditions, Pase (1965) found that the 

more intense the fire, the greater the yield of A. pringlei 

seedlings per acre. No comparable field data are available 

from the Catalinas for either species. 

This author has surmised that when a fire occurs in 

nature, the seeds which have some protection, e.g., from 

being shallowly buried, are likely to be those receiving 

enough heat to crack the hard coat, but not enough to 

consume the embryo. (Fire and manzanita is further dis

cussed under the section on Fire Relations.) 

It has been pointed out by several authors, including 

Stark (1966) in a discussion of landscaping with manzanita, 

that the genus germinates readily after logging, as well as 

after fires. A clear case of this was examined by the 

author in the Catalinas. A road extension in Sycamore Basin 
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west of Sabino Canyon was made about 1966, and in the decade 

since the road came into existence, numerous young A. 

pungens seedlings have come up on the roadbed and its 

disturbed margins. Most are still too immature to flower, 

but their density is remarkable. One must ask if it is 

possible that the heavy machinery employed scarified suffi

cient numbers of seeds to produce this result? Or is 

there another factor associated with openings in the 

Chaparral zone which gives rise to this phenomenon? 

Another factor in germination is pathogens. Under 

laboratory conditions, one can file the seed coats and 

obtain germination, but the emerging radicle is very 

susceptible to fungal attack. In natural conditions, it 

seems likely to the author that the general sterilizing 

influence of a forest or brush fire might have a beneficial 

effect in reducing the numbers of fungal spores available to 

attack the emerging seedling. But this idea remains un-

demonstrated at present. 

A curious aspect of A. pungens germination experi

enced by the personnel at Rancho Santa Ana, is that from 

fresh seed, after 6 hrs of sulfuric acid treatment, many 

seedlings were obtained within three weeks. But the Garden 

has had no luck with seed germination since then. The 

details of their failures, not presented in the published 

source of this story (Everett 1964), might provide 
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interesting information for germination experiments on old 

and new seed. 

This author relied upon field observation to docu

ment development from germination into the seedling stage. 

In 1973 a roadside brush fire at Vail's Corral swept up a 

manzanita-covered ridge and consumed most of the plants on 

it (Fig. 42, p. 142). Picking through the litter subse

quently, old seeds were easily found in various stages of 

decomposition from the fire. In the following spring, 

seedlings of A. pungens were observed in the burn, usually 

in what would have been the middle of the old manzanita 

canopy (Fig. 43, p. 143). Seedlings were dug up to ascer

tain if they were truly seedlings or sprouts from buried 

roots. The author found all to be true seedlings. There 

were no root-sprouts. 

The root system of the seedlings was well-developed 

and had two striking features. Firstly, the tap root was 

already long, over 30 cm (12 in) in a plant 13 cm (5 in) 

high. Secondly, there was an area of many small, lateral 

roots about 5 cm (2 in) under the ground surface. 

It seems that the seedling must depend heavily on 

surface moisture in its earliest stages, but quickly expands 

its capacity to reach deeper sources. This probably 

accounts for the observed fact that Rancho Santa Ana 

volunteer plants are much hardier than pot and flat-grown 

seedlings. 
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Maturation and Ageing 

On the south side of the Catalinas a sequence of 

growth can be seen in the stands of A. pungens which, 

although not securely datable (see Dendrochronology section) 

seems likely to take over a century. Figures 15-22 

illustrate the stages of development defined by the author. 

First there is a fire which produces new seedlings in a 

burned-out old stand. The seedling grows into a rounded 

bush and after a period of years--perhaps as many as ten— 

flowers. By contrast, at the Rancho Santa Ana Botani.' 

Garden in California, A. pungens flowers in its third year. 

This investigator suggests that the regular watering of 

garden plants may account for the difference in maturation 

time. 

As the shrub matures, its outer branches are shaded 

by inner branches and therefore grow better on the margins 

of the canopy or close to the ground. The branches which 

touch the ground sprout roots (the so-called "layering" 

process), and as time goes on, these newly rooted branches 

begin to look like young, mature shrubs. Litter and earth 

cover their connection with the parent bush and give them 

the appearance of independent plants. Meanwhile, the center 

of the bush dies. Why, is not certain. Perhaps shading is 

the factor. As the center death spreads, the edges of the 

bush with their layering growth continue to flourish. 

What this author calls "ring" formation begins. When the 
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Fig. 15. A 4.5 dm (18 in) high Arctostaphylos pungens 
seedling in Molino Basin (elevation 1333 m, 
4300 ft) which is close to flowering age — 
Photo by Annita Harlan. 
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Fig. 16. A mature, rounded shrub of Arctostaphylos pungens 
which at dimensions of 1.2 m (4 ft) high by 
2.7 m (9 ft) in diameter exhibits layering of 
the outer branches and bark-striping of the 
central stems; near Catalina Highway at 1503 m 
(4850 ft) -- Photo by Annita Harlan. 
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Fig. 17. Detail of the layering branches exhibited by the 
Arctostaphylos pungens in Fig. 16 — Photo by 
Annita Harlan. 

I 

Fig. 18. A dead-centered, well-layered Arctostaphylos 
pungens clump measuring 5.6 m (18 ft) in diameter 
by 1.65 m (5.5 ft) high near Catalina Highway at 
1503 m (4850 ft) -- Photo by Annita Harlan. 
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I 

Fig. 19. A large clump of Arctostaphylos pungens wherein 
the original bush is nearly all dead and the 
layered branches have assumed the aspect of indi
vidual bushes around it; near Catalina Highway at 
1503 m (4850 ft) — Photo by Thomas Harlan. 

I 

Fig. 20. In the same area as Fig. 19 an Arctostaphylos 
pungens bush with the old center dead and 
collapsed, forming a ring — Photo by Annita 
Harlan. 
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I 

Fig. 21. An Arctostaphylos pungens bush with a 2.5 m (8.5 
ft) tall Quercus emoryi tree growing out of the 
dead center; near Catalina Highway at 1503 m 
(4850 ft) — Photo by Annita Harlan. 

I 

Fig. 22. In the same area as Fig. 21 a large ring of 
Arctostaphylos pungens with both Dasylirion 
wheeleri and Juniperus osteosperma plants occupy
ing the old center.— Photo by Annita Harlan. 
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skeletonized center is still standing, but extensive, the 

clump has the appearance of a ring of individual bushes 

surrounding a parent which is dead. 

Eventually, the central skeleton breaks down and 

only a hole in the thicket remains. At this stage, other 

tree and shrub species may germinate in the hole. In the 

vicinity of Vail's Corral this author has recorded Juniperus 

deppeana, Pinus cembroides, Dasylirion wheeleri, and 

Ouercus emoryi individuals occupying this po. ition. Pond 

(1971) documented that an Arctostaphylos punyens plant in 

the chaparral of Central Arizona grew in 4 0 yrs from a 1.2 m 

(4 ft) to a 6 m (20 ft) wide clump with a 1.5 m (4 ft) 

circle of dead material in the center. The center had not 

been colonized in this time. 

Arctostaphylos pringlei does not normally layer and 

produce "rings." Instead, it becomes arborescent. Observa

tions in this study indicate that development is approxi

mately as folio* y (see Figs. 23-26). 

Following fire or other major disturbance, seedlings 

come up which develop into bushes of generally greater 

height than A. pungens before coming into flower. After 

this, instead of layering, the branches are thinned by some 

factor, probably shade, and those remaining reach skyward. 

A small tree is formed. With time this grows progressively 

more skeletonized by "bark-striping" (Davis 1973) until only 

ribbons of red, living bark twine around the grey skeleton 



Fig. 23. A 52 cm (21 in) high seedling of Arctostaphylos 
pringlei, roadside on Catalina Highway at 2015 m 
(6500 ft) elevation — Photo by Annita Harlan. 

Fig. 24. A mature, rounded 1 m (3.5 ft) high bush oi 
Arctostaphylos pringlei roadside at 2170 m 
(7000 ft) on Catalina Highway — Photo by Annita 
Harlan. 



61 

Fig. 25. An arborescent Arctostaphylos pringlei measuring 
2.3 m (7.5 ft) high with basal skirt of 
Arctostaphylos pungens measuring 3-4.5 dm (12-18 
in) high near Catalina Highway at 2232 m (7200 
ft) -- Photo by Annita Harlan. 
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Fig. 26. Skeletonized 3 m (10 ft) high Arctostaphylos 
pringlei with one living branch, surrounded by a 
skirt of 4.5-6 dm (18-24 in) high Arctostaphylos 
pungens near Catalina Highway at 2232 m (7200 
ft) — Photo by Annita Harlan. 
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of the tree. Eventually, even these pieces or living 

material die, for reasons unknown. 

It appears that the life span of A. pringlei is more 

determinate than that of A. pungens. In the absence of fire, 

A. pungens shrubs developed by the layering process appear 

to go on "forever," perpetuating the same clone and repeat

ing the ring-growth sequence. The end of either manzanita 

species can come by fire, but whereas old dead A. pringlei 

are seen regularly, old dead individuals of A. pungens are 

much more rare. 

The difference in pattern of ageing and death would 

seem to this author to be an internally controlled differ

ence rather than an environmentally imposed one. In the 

slopes between Lizard Rock and Bear Canyon on the south 

side of the mountains, the two species grow luxuriantly 

together, each following its own pattern. A common sight is 

a ring of A. pungens clustered around the base of an 

arborescent A. pringlei (Fig. 26). 

Measurements of different aspects of growth were 

only approached in this study. One dimension that was 

studied was increase in shrub diameter. As is discussed in 

the section on Phenology, manzanita are opportunistic in 

their growth times. However, the most consistent time for 

stem elongation is in the spring. Therefore, in May 1975, 

the author measured the new stem c longation of A. pungens 

plants at several elevations on both the north and south 



side of the mountains and concluded that it amounted to a 

bush diameter increase of 6.8 cm (2.7 in) on the average. 

Looking at data for the whole year, in Molino Basin in 

1975 the overall A. pungens diameter increase amounted to 

1-20 cm (0.4-8 in). 

In a mixture of shrub-form A. pungens and A. 

pringlei plants of ages under 26 yrs on the south side of 

the range along the highway, the author calculated a 10.5 

en (4.2 in) per year increase in canopy diameter based on 

two unproven hypotheses: One, equal increase per year over 

the life of the plants; and two, one wood ring per year in 

the stems. 

For comparison, Pond (1971) contributed data from 

which one calculates that an average of 6 cm (2.4 in) 

diameter per year increase occurred in A. pungens in central 

Arizona over a 40 yr period. Therefore, for purposes of 

prediction, it might be reasonable to expect approximately 

6-10 cm (2.4-4 in) per year increase in diameter for 

manzanita shrubs in Arizona growing below 2100 m (7000 ft) 

elevation. Most of this growth will be added in the spring. 

Once A. pringlei plants cease bush growth and become 

arborescent, this prediction should not hold. No data for 

height increase in this species were collected by the 

author. 
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Dendrochronology 

In order to better understand growth of individuals 

and stands of manzanita the author decided to determine the 

ages of individual plants in different stages of develop

ment. Dendrochronology, the science of dating wood-

producing plants by counting their growth increments, was 

employed. The following questions were asked concerning the 

collected material: 

1. Can cores be obtained from local manzanita? 

2. Can individual plants be dated? 

3. Does size correspond with age of plant? 

4. How old is the "old ring" at Vail's Corral that 

supports a large pine tree? 

5. How old are the Catalina Highway roadcut plants? 

In April and May of 1976, a total of 18 increment 

cores and cross-sections through trunks of A. pungens and A. 

pringlei were taken by Thomas Harlan of the University of 

Arizona's Laboratory of Tree-Ring Research from individuals 

designated by the author. All of the specimens were 

obtained near the Catalina Highway on the south side of the 

range between Mileposts 6 and 17. 

Unlike the California A. andersonii Complex plants 

that Davis (1972) studied, the Catalina Arctostaphylos can 

be cored adequately; cross-sections are not necessary. This 

result answers Question 1. 
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Analysis of samples was done by Mr. Harlan at the 

Tree-Ring Laboratory. Regarding Question 2, he found that 

although growth rings are discernible in both species, the 

boundaries of the rings are not distinct (Figs. 27, 28). As 

a result, individual rings cannot be characterized by 

measurement, which means that sequences of specific 

calendrical years cannot be identified. Therefore, no year 

dates can be assigned to a given core. Eurthermore, there 

is no cross-dating from plant to plant. Under these 

circumstances it is impossible, without other evidence, to 

securely assign an age to a given plant. 

A supplementary approach to dating presented itself 

to the author with the discovery of a project report on 

file with the Pima County Highway Department. This detailed 

the construction of the Catalina Highway which was completed 

in March 1951. The last project carried out by the construc

tion crews was a fire danger cleanup, instigated by the 

Regional Forester in early 1950. Beginning at the lower end 

of the project, "Dead grass was burned and hardy weeds and 

shrubbery that were growing on the shoulders and encroaching 

on the roadway were grubbed, giving the roadway a wider and 

safer appearance." Also, in timber, starting at Milepost 16, 

"all dead snags, fallen logs and uprooted stumps within 60 m 

of the road were removed" (McLane 1951:107). 

These tidying efforts mean that theoretically no 

roadcut Arctostaphylos can have started growth before 1950, 
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I 

Fig. 27. Cross-section of trunk of Arctostaphylos pungens 
with maximum diameter of 3 cm (1.4 in) — This 
specimen (A- pungens 1) had a ring count of 37 
years. Photo by Thomas Harlan. 

I 
Fig. 28. Cross-section of trunk of Arctostaphylos pringlei 

with maximum diameter of 3 cm (1.4 in) -- This 
specimen (A. pringlei 7) had a ring count of 46 
years. Photo by Thomas Harlan. 
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which effectively answers question 5. If the hypothesis of 

one growth ring per year is correct, then no roadcut 

Arctostaphylos should have more than 26 rings. As Table 5 

shows, all the roadcut plants except one have 26 or fewer 

rings. Tho "ringer," PRI-12, has 50 rings, something like 

twice too many. The site of its growth was re-examined for 

the possibility that PRI-12 could have been growing before 

the road cut was made, but there is no evidence that this 

can be so. Hence, the author reluctantly concludes that 

this plant has produced more than one ring per year; 

therefore other individuals might also; and without a much 

more extensive tree-ring analysis, one should not assume 

that a ring-count will give an accurate indication of plant 

age. 

Nevertheless, it is reasonable to suggest that the 

growth in diameter of manzanita plants follows the same 

kind of opportunistic pattern that is seen in leaf and 

flower production; that is, the plant grows when temperature 

and moisture conditions are right. This may well account 

for the fuzziness of the wood's ring boundaries. A few 

cells are added whenever it is possible to add them. 

According to this interpretation, very marginal sites might 

be more likely to approach the one ring per year condition. 

The most rings in any sample were produced by a skeletonized 

A. pringlei on a rocky ledge above the roadcut near Lizard 

Rock. It is possible that a 107 ring count on this plant 



Table 5. Dendrochronological specimens of Arctostaphylos species — Data by 
Laboratory of Tree-Ring Research and Annita Harlan. 

Trunk diameter Plant height Plant width 
Specimen Ring Old enough 

no. no. in cm ft m ft m to flower? Site description 

PRI- 1 
2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

PU- 1 

2 

3 

46 1.50 
88 5.50 

61 3.00 

75 3.75 

76 4.00 

107 4.00 
rotten 
center 

46 1.00 
13 1.75 

10 1.25 

2 2  2 . 0 0  

15 1.25 

50 4.00 

rotten 
center 

37 1.00 
70 2.75 
90 4.50 

3.75 5 1.5 
13.75 7-8 2.1-2. 

7.50 8 2.4 

9.38 

10.00 

10.00 

2.50 
4.38 3.5 1.1 

3.13 3 0.9 

5.00 10 3.0 

3.13 12 3.6 

10.00 12 3.6 

2. 50 
6 . 8 8  

11.25 

6.5 

5 

15 

10 

18 

2.0 

1.5 

4.5 

3.0 

5.5 

yes 
yes 

yes 

yes 

yes 

yes 

yes 
no 

no 

yes 

yes 

yes 

yes 
yes 
yes 

MP16; 7000'; above roadcut 
MP16; 7000'; next to an old 

ring 
MPl_6; 7000'; next to an old 

ring 
MP16; 7000'; hill above 

roadcut 
MPl6; 7000'; hill above 

roadcut 
MP16; 7000'; rocky ledge 

MPl_6; 7000'; above roadcut 
MPl6; 7000'; roadcut, west 

side 
MP]j6; 7000'; roadcut, west 

side 
MP 15; 7000'; Geology Vista 
roadcut 

MPl5; 7000'; Geology Vista 
roadcut 

MP14; 7000"; roadcut above 
Windy Point 

MP 16; 7000'; above roadcut 
MP 16; 7000'; above roadcut 
MP 8; 4800'; old ring around 
pinyon at Vail Corral 



Table 5.—Continued 

Trunk diameter Plant height Plant width 
Specimen Ring Old enough 

no. no. in cm ft m ft m to flower? Site description 

4 15 2.00 5.00 2 0.6 4 1.2 yes MP15; 4800'; Goosehead Rock 
roadcut 

5 17 1.50 3.75 4.5 1.4 8 2.4 yes MP 9; 5280'; roadcut 
6 26 2.00 5.00 4.5 1.4 8 2.4 yes MP 9; 5280'; roadcut 
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comes close to the true age of the plant. It is also 

possible that the plant is older and that the rings are 

missing because of occasional severe years. The answer to 

Question 3 is then equivocal. 

It was noted by Mr. Harlan that younger specimens 

have more clear-cut rings than older ones. (Younger plants 

can be determined by the growth form and by whether flowers 

have yet been produced.) The author believes this effect is 

probably due to the apparent pattern of root development. A 

young plant has numerous small fibrous roots near the 

surface and may depend on surface water supply. Therefore, 

it can grow only when rains occur and wet the surface soil 

layer. Older plants have very long tap roots which may 

reach deep pockets of water, making them less subject to 

seasonal droughts and allowing growth to continue inter

mittently . 

Regarding Question 4, the age of the "old ring" of 

A. pungens around the Pinus cembroides tree at Vail's Corral 

(Fig. 29), the author makes the following speculation. 

By analogy with older A. pringlei plants higher on 

the mountain (Table 5) =>n<i using the admittedly unreliable 

hypothesis of one ring per year, one could guess that the 

original manzanita would begin to rot in the center after 

about 75 yrs. There is then a completely unknown number of 

years required for the old, central shrub to rot out and/or 

fall down and provide a space in the center of the clump for 
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I 

Fig. 29. Large (8.4 m, 27 ft), old ring of Arctostaphylos 
pungens with an approximately 8 0 yr old Pinus 
cembroides tree in center -- Near Catalina 
Highway at 1503 m (4850 ft). Photo by Annita 
Harlan. 
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the pine to germinate. Next there is a better-dated phase. 

The pine tree dates at 1907. This means that it was a 

germinating seed in the approximately 10 year period 

beforehand, and most likely in the 1890's when conditions 

were better than average in this region rather than in the 

1900-1904 period when they were particularly poor for ger

mination (Schulman 1956). 

Therefore, it has been 75-85 years since the clump 

of manzanita developed a dead center sufficiently leached 

to wash away phytotoxins and allow a pine tree to germinate. 

If the known 75-85 years of the pine's life is added to a 

guesstimate of at least 75 yrs for the life of the manzanita 

before the pine colonized its dead center, one gets an 

approximate age of 150 yrs for the old ring. 

There are two other pieces of data that can be 

compared with this 150 yr figure. One is the fact that the 

outermost layer of manzanita in the 8 m (27 ft) "old ring" 

has a tree-ring count of 90. Secondly, to heap speculation 

upon speculation, one could apply the general diameter 

increase prediction from the section on Maturation and 

Ageing. If the low figure, 6 cm (24 in) per year diameter 

increase is used, then an 8 m (27 ft) ring should have been 

growing about 133 years. 

The most remarkable thing about an ane of 130-150 or 

more years for this clone is that it could have continued 

to grow without being touched by fire in all that time. 
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Phenology 

In order to observe the seasonal changes in indi

vidual manzanita plant at different elevations on both 

north and south sides of the Catalinas, permanent observa

tion stations were designated by the author. No instru

ments and no permanent markers were left since all sites 

but two were along well-traveled roads and personal 

experience has been that theft and vandalism make such 

efforts expensive and/or futile. 

It was originally intended that each station should 

be visited at least once every two weeks. This seemingly 

modest effort, however, was not accomplished. Observations 

were made irregularly both more and less often than every 

two weeks over a period of 17 months, February 197 5-August 

1976. The north side of the mountain was less well-attended 

than the south, the deciding factor being that the south has 

a paved road, the north an occasionally graded dirt one, 

hard to travel in wet weather. Neither the west nor east 

sides were monitored on a regular basis because of diffi

culty of regular access. 

In Table 6, the permanent sites are listed along 

with their elevations. In addition to these, a dozen other 

sites off-road on other sides of the mountain were used to 

fill in the phenological story, particularly regarding 

flowering information. 
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Table 6. Permanent observation stations for Arctostaphylos 
in the Santa Catalina Mountains, Arizonaduring 
this study February 1975-August 1976. 

Station 

Elevation 

Meters 

of station 

Feet 

South side Molino Basin upland 1364 4400 

roadside 1339 4320 

Vail's Corral pullout 1488 4800 

burn 1488 + 4800 + 

Bear Canyon 1711 5520 

below Windy Point 1860 6000 

Geology Vista 2058 6640 

North side Crystal Springs Jet. 2108 6800 

Daily Mine 1761 5680 

Nugget Canyon 1488 4800 

Oracle upland 1428 4570 

roadside 1425 4560 
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The author found that the Arctostaphylos pungens 

zone on the north side of the Catalinas is displaced up

ward relative to the south side by about 155 m (500 ft), 

that is, 1395 m (4500 ft) at Oracle, Arizona vs. 1240 m 

(4000 ft) in Molino Canyon. For comparable sites at equal 

elevations, the phenological events of the north side lag 

behind the south side by about one week. Incomplete north 

side data prevent more precise comparison. 

Photographs of the more obvious seasonal events are 

shown in Figs. 30-33. Two examples of the seasonal 

activities of manzanita are shown in Figs. 34 and 35. For 

A. pungens, the 1975-76 Molino Basin sequence is selected. 

The site is at 1364 m (4400 ft) in the .lower half of the 

species' 1250 m (4000 ft) range which extends from about 

1250 m (4000 ft) to about 2480 m (8000 ft). Molino Basin 

is not a marginal site, ecologically. 

For A. pringlei, the site illustrated is below 

Windy Point on the Catalina Highway at 1993 m (6300 ft) in 

approximately the middle of its 795 m (2500 ft) range, the 

latter stretching from 1488 m (4800 ft) in Romero Canyon to 

2347 m (7570 ft) on Milepost 18 of the Catalina Highway. 

A phenological event of particular interest is that 

of inflorescence formation. In A. pungens, the young 

inflorescences which will develop in January of an upcoming 

year are formed as early as the third week of March, or as 

late as mid-July of the preceding yearl In 1975, a series 
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Fig. 30. Arctostaphylos pringlei in full bloom with some 
immature fruit in first week of June, 1976, at 
2232 m (7200 ft) roadside on Catalina Highway — 
Photo by Annita Harlan. 
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Fig. 31. Arctostaphylos pringlei in middle of old leaf 
drop, first week of June, 1976, at 2170 m (7000 
ft) near Catalina Highway — Photo by Annita 
Harlan. 



Fiq. 32. Arctostaphylos pungens blossoms near Catalina 
Highway at 1908 m (4850 ft), third week of 
February, 1976 — Photo by Annita Harlan. 

Fig. 33. Arctostaphylos pungens bush in full bloom at 
1240 m (4000 ft) in Molino Basin, February, 
1976 — Photo by Annita Harlan. 
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Phenological Events 
In Arctostaphylos prinqlei 
For 1975-76, Santa Catalina 

Mountains, Arizona 

si te :  roadside, below 
Windy Point 

-new leaves unfolding, 1976 

r inflorescences begin 
elongation, 1976 

_-new leaves unfolding, 1975 

berries 
change 
color, 1975 

^ flowering inception, 1976 

/  ̂  ̂ inflorescences begin 
elongation, 1975 

new leaves unfolding, 1976 

flowering inception, 1975 

~-~~o/d leaf drop begins, 1976 
flowering ends, 1975 

old leaf drop 
near end, 1976 

Fig. 34. Phenological events in A. pringlei for 1975-76, 
Santa Catalina Mountains, Arizona -- Data 
collected and arranged by Annita Harlan. Drawinq 
by Marilyn Huggins. 



81 

Phenological Events 
In Arctostaphylos punqens 
For 1975-76, Santa Catalina 

Mountains, Arizona 

site :roadside, Molino Basin 

berries 
owers 

frost 

flowers 

summer 

j 
new 
inflorescences 
appear, 1975 

bud development in inflorescences,1976 

f — flowering inception, 1976 

-flowering end, 1976 

new leaves and inflores
cences unfolding, 1975 

v-berries begin to 
turn red, 1976 

new leaves unfolding, 1975 

rnew leaves and inflores-
' cences unfolding, 1976 

• -old /e f drop inception,1976 
new inflorescences appear, 1975 

old leaf drop inception, 1975 

old leaf drop 
complete, 1975 

Fig. 35. Phenological events in A. pungens for 1975-76, 
Santa Catalina Mountains, Arizona -- Data 
collected and arranged by Annita Harlan. Drawing 
by Marilyn Huggins. 
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of damaging frosts struck during the vulnerable part of the 

flowering season and some shrubs in the Molino Basin area 

displayed as many as 4 sets of new inflorescences. The 

first set had been formed the preceding year. After its 

demise, the second set was formed, came to flower and was 

also killed by cold. Surprisingly, a third set was put out, 

but these came just as soil moisture levels were rapidly 

dwindling. The inflorescences ceased growth, some dried up 

and were aborted in June, but others survived until the 

following January when they resumed growth and produced 

flowers. These same bushes produced a fourth set of 

inflorescences in July after the monsoonal rains came. 

These also waited until January 1976 to continue development 

into flowers. 

A similar pattern of frosting occurred in 1976. 

Whole hillsides of flowers were frost-killed and then dried 

on the bush (Fig. 36). But after two years of arrested 

fruit development due to inclement spring weather, an 

interesting phenomenon appeared in widely scattered patches 

over the Chaparral zone. Very large fruits, products of 

unfrosted flowers and two to three times the volume of 

normal berries, appeared on A. pungens branches (Fig. 37). 

One speculates that the carbon supplies of the parent shrub 

had built up to unusual levels over the two years, and 

following its customary opportunistic pattern of growth and 
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Fig. 36. Arctostaphylos pungens flowers killed by frost 
February, 1976 — Photo by Thomas Harlan. 

I 

sSH 

Fig. 37. Immature berries of Arctos taphylos pringlei 
(pink) and A. pungens (white) collected third 
week of July, 1976, from 2170 m (7000 ft) near 
Catalina Highway — Metal case is 5.5 cm (2.2 in) 
long. Photo by Annita Harlan. 
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development, the species produced bigger berries where 

possible. 

Such a highly opportunistic pattern is not followed 

by A. pringlei. This species appears devoid of any sign of 

flower development until late in the spring. When the 

inflorescences do appear, they are formed very rapidly and 

do not go through dormant stages of long duration. It is 

alleged, in the literature, that all Arctostaphylos form bud 

primordia well in advance of the next flowering season. If 

this is true for A. pringlei in the Catalinas, it would have 

to be verified with microscopic examination of stems. The 

author saw no evidence to support this idea. 

Apparently, Arctostaphylos is not the only genus 

which possesses the ability to form flower buds and hold 

them for long periods until appropriate photoperiodic 

triggers initiate continued development. Teeri (1976) 

reports the photoperiodic response of Saxifraga rivularis. 

This is a high arctic plant in which the initiation of 

flower buds is continuous once maturity has been reached 

and carbohydrate reserves and temperatures allow. For 

completion of flowering, however, the species requires 23 

hrs of high intensity irradiance. The partially formed buds 

are believed to overwinter more than a year if necessary. 

Another point of difference between the two 

manzanita species is the fact that A. pungens produces its 

crop of new leaves after it flowers. When a bud unfolds, a 
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batch of new leaves, a length of stem, and a terminal 

inflorescence typically appear. In contrast, A. pringlei 

produces new leaves well in advance of its flower buds. As 

a rule, a circle of leaf buds unfolds, each bud producing 

leaves and stem material, and then in the center of these 

new branches, after some delay, a leaf and stem with 

terminal inflorescence appear. 

All of the seasonal events were observed by the 

author to be greatly affected by temperature, elevation, 

micro-climatic factors, and soil moisture. Additionally, 

it seems probable that the initiation of flowering depends 

upon some photoperiodic requirement; otherwise inflores

cences should produce flowers in late summer. Concerning 

flowering, it is readily apparent that full development 

depends on the cumulative factor of warmth. Probably 

the degree-day principle is at work here. It is con

sistently noted that the first buds to show growth in the 

late winter are those on the southeast side of the plant, 

usually close to the ground. This appears to be the warmest 

portion of bushes on open slopes. Branches next to rocks 

and road surfaces show similar precocious development. It 

is also seen that plants in cold-air drainages may flov/er 

later than their upland counterparts, and because of the 

killing frosts experienced in late spring, may escape damage 

because their growth is not as advanced and tissues not as 

vulnerable as those in warmer locations. 
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Some Physiological Notes 

For the species of manzanita in the Catalinas, 

neither a complete morphological study, nor an intensive 

physiological one have been published. This author has not 

attempted these things either. Nevertheless, ideas about 

other species of Arctostaphylos which appear to pertain to 

A. pungens and A. pringlei have been discussed earlier. 

Some others will be briefly treated for which the author 

thinks there is observational data from this study. 

It seems likely that the Catalina manzanitas have 

the "unit pipe" system of vascular organization, which is 

sometimes referred to as the Mediterranean or desert 

chorotype. "From a functional point of view, such plants 

are composed of a group of independent smaller units, each 

composed of a branch and a root which are connected by a 

continuous vascular system" (Waisel, Lipschitz, and Kuller 

1972:522). It is this sectorial pattern that accounts for 

the selective death of shaded branches (Davis 1972), or 

those connected to a fungus-attacked root (Everett 1964) , or 

to a rodent-girdled stem, such as the author has seen along 

the Molino Basin roadsides. 

Of particular importance to the form and to the 

distribution of manzanita in the Catalinas, is the implica

tion of the unit-pipe concept which Davis postulated in 

1973. He observes that manzanitas are intolerant of shade, 

the shaded leaves withering and dying, leading to the death 



of twigs, branches, and eventually roots. This leads to 

strips of living bark on otherwise dead branches. Only the 

vascular system parts with living roots and leaves can 

maintain an intact pipe. He says of non-sprouting manzanitas 

(like A. pungens and A. pringlei) subjected to fire: "in 

areas protected from fire or where fires are infrequent, 

they often become very large (4-7 m tall) and may eventually 

assume dominance on the site" (Davis 1973:148). The plants 

have to accrue sufficient height each year to maintain 

canopies in open sunlight. Continued height increase in 

a summer drought region where water restricts shrub size 

is facilitated by processes leading to bark stripe formation. 

In large shrubs the percentage of live shoot is small 

relative to the dead, standing wood. "Net result of this 

growth pattern is a 'vine-like' manzanita shrub supported 

and held aloft by its own dead remains" (Davis 1973:149). 

In the Catalinas, many large A. pringlei trees exist 

with ve.iy little bark-striping in canyon bottoms. The 

author postulates that the improved water-relations in such 

sites enable maintenance of more living roots, and that 

shading is at a minimum. In Molino Canyon and in Romero 

Canyon where large A. pringlei trees have been observed in 

this study, there seems to be an abundance of light in spite 

of the presence of tall conifers such as Pinus chihuahuana 

and Cupressus arizonica. It is probably the narrow diameter 
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of these taller tree groves which allow the manzanitas to 

receive their requisite sunshine. 

In Figs. 38 and 39 is seen a common Catalina 

phenomenon which must, in part, be due to the shading 

effect. Arctostaphylos pungens often forms a lacy network 

over large, south-oriented boulders. Bark-striping with 

living areas oriented toward the boulder and away from the 

sun is typical of these plants, yet the leaves stand above 

the branches into the sun. Is it the case that the leaves 

require open sun while the living bark requires more shade? 

Or is differential response to the heating factor of the 

rock at work here? The author can only point out the 

phenomenon at this time, not explain it. 

The water relations of Arctostaphylos shrubs must be 

a very important part of their adaptations. Shields and 

Gardner (1961) stated that high light intensity, which in 

most species causes diminution of stem and leaf size, 

accelerates root growth. This, applied to manzanita, could 

mean that sunny hillside plants could afford deeper roots 

for water gathering; canyon bottom plants could grow fewer 

roots and afford more branches and thus get out of the shade. 

Kozlowski (1972) maintained that xerophytic shrubs 

do not have internal precautions against water loss. They 

have more cell wall surface exposed to the internal leaf 

atmosphere than do mesophytic leaves. When water supply is 

adequate, stomates are open and transpiration rates are 
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Fig. 38. A. pungens plant forming a network over a granitic 
boulder in a south-facing ravine near Windy 
Point, Santa Catalina Mountains — Photo by 
Thomas Harlan. 



Fig. 39. Bark-striping on A. pungens — Living bark is on 
the branch side nearest the rock. Photo by 
Thomas Harlan. 
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high. But, heavily cutinized layers on the leaves assure 

low transpiration when the stomates are closed. In view of 

the observed leaf anatomy, this author would expect that 

young manzanita leaves produced in wet times have little 

cuticle, and the remarkable cuticle seen in older leaves 

must be produced as a result of water stress. 

A necessarily closely related question is the one 

of carbon fixation and transport due to the trade-off 

between loss of water and acquisition of CC>2 • 

Reporting on the gas exchange of shrubs, Caldwell 

(1972) generalized that sclerophyllous evergreen shrubs in 

the Mediterranean climates of California have much lower 

maximum photosynthetic rates than do drought-deciduous 

shrubs. However, both shrub types possess approximately 

equivalent average annual carbon fixation capacities. 

Therefore, the year-round photosynthetic capabilities of the 

evergreens make up for their lower maximum rates. The 

author predicts that Catalina manzanita will follow the 

pattern of their California counterparts. 

Kozlowski also remarked upon the usefulness to 

arid-land shrubs of having photosynthetic branches and bark. 

It seems to this author that photosynthetic stems, as 

manzanita has, would help enormously in maintaining carbon 

fixation during times when the leaf stomates are closed 

down due to water stress. Questions which immediately arise 

in this connection are how does the CO2 get into the 



92 

photosynthetic tissue of the bark? Is there transport of 

carbon dioxide as a dissolved gas in the transpiration 

stream? If not, how are the chloroplasts of old, heavily 

cutinized leaves able to stay green and apparently 

functional as they are observed in cross-sections? It 

would seem most useful to understand the pathways and modes 

of transportation of carbon in these plants. 

The matter of respiration rates also arises in 

examination of shrubs which exhibit dormancy at certain 

unfavorable times and vigorous activity at others. No 

specific v/ork is yet published on this matter in A. pungens 

and A. pringlei. Dark respiration rates do not seem to vary 

from shrub-type to shrub-type according to Caldwell (197 2). 

Photorespiration has apparently not been investi

gated at all in Arctostaphylos. 

When, and if, work is done with native manzanita 

photosynthetic and/or respiration rates, consideration should 

be given to the pulse of phenological activity and to the 

morphological differences between young and old leaves in 

preparing the experimental design. The stop and start 

nature of growth and development might otherwise produce 

irreproducible or skewed results. 



CHAPTER 4 

SYNECOLOGY 

Synecology differs from autecology in that it deals 

with the individual plant's relationships with others of its 

kind and/or with the rest of the biosphere. It may also 

have the sense of the study of whole populations of a given 

taxon relative to some physical or biological system. 

Particularly for Arctostaphylos, its position in a Chaparral 

plant community is important, because the local Chaparral 

has historical and physiological correlations with much 

larger Chaparral areas in central Arizona and in the nearby 

state of California. 

An aspect of synecology too often neglected is the 

relationship which a population has with the zoological 

residents of its habitat. In this study, new information 

about insects is provided and the status of bird and mammal 

knowledge is detailed. 

Manzanita's relationships with other plants were not 

exhaustively covered in this study. Intensive sampling in 

two areas where Arctostaphylos is dominant produced lists of 

associated species under those circumstances, but communi

ties which include Arctostaphylos as a lesser component 

were largely neglected. 

93 
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Arctostaphylos as an Arizona 
Chaparral Component 

Although manzanita shrubs can be found in other 

vegetational contexts, the Chaparral or brushland zone is 

its center of abundance. In Arizona, Nichol (1943) shows 

the bulk of Chaparral as stretching across central Arizona 

in a northwest to southeast diagonal from Seligman through 

Prescott to Globe. It occupies the southern and lower 

elevational slope off the main ponderosa pine forest along 

the Mogollon Rim. There are also islands of it in the 

southeastern Arizona mountain ranges, the Santa Catalinas 

being one such situation. It favors the high, southern-

exposured shoulders of the desert mountains. He also points 

out that southern exposures give more or less pure manzanita 

manzanita, but on northern exposures, one or two species of 

scrub oaks will equal it. The generality is accurate for 

the microcosm of the Catalinas, too. 

According to Nichol, some 8% of Arizona is brush 

thicket or Chaparral. This amounts to about 5.8 million 

acres (2.32 million hectares), although Cable (1975) regards 

3.2 million acres as a more realistic figure for the type. 

Nichol is of the opinion that climatic conditions are about 

the same in Chaparral as in Pinyon-juniper Woodland and 

suggests that the two plant formations are differentiated 

on the basis of soil, slope, and exposure. 
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A current climatic summary of the Chaparral in 

Arizona is given by Cable (1975) who emphasizes its dis

tinctness from the more extensive California chaparral by 

the nature of wet and dry seasons. In California the zone 

is characterized by a long, dry summer and a mild, wet 

winter. In Arizona there are two wet periods, one in winter 

and the other in late summer, interrupted by two dry 

periods, one centered in May-June, the other in October. 

The hottest month, usually July, averages a maximum of 88-

98°F (31-37°C), whereas the average daily minimum for the 

coldest month, usually January, ranges from 20-31°F (-6.6 

to -0.5°C). Hibbert et al. (1974) describe further charac

teristics for Arizona Chaparral as: precipitation varying 

from 16-25 in (40-62,5 cm) with snow a consistent but un

important hydrological factor; wind generally out of the 

southwest, averaging 30-112 mi per day (36-134 km) at 6 ft 

(1.5 m) above the ground in central Arizona. Mountain 

Chaparral wind factors are unknown. The potential evapo-

transpiration varies from 45-60 in (112.5-130 cm) per year. 

In the more specific context of the Catalinas, the 

temperature minimums and maximums and precipitation amounts 

are as shown in Tables 7-9 for the three U.S. Weather Bureau 

Stations closest to the Catalina Chaparral. 

Oracle, Arizona (Table 7), on the north side of the 

mountain and inside the bottom edge of the Chaparral zone, 

has a mean annual precipitation of 18.91 in (47.3 cm), a 
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Table 7. Climatic data for Oracle, 2E, Arizona from 
Sellers and Hill (1974) -- Elevation 1362 m 
(4540 ft); period of record 1941-1970. 

Temperature means °F 

Month 
Daily 
maximum 

Daily 
minimum Monthly 

Precipitation 
mean in inches 

Jan 57. 7 34.3 46.0 1. 60 

Feb 60. 4 36.0 48.2 1. 55 

Mar 64.0 38.3 51.2 1.86 

Apr 73.1 45.0 59.1 0. 81 

May 82.5 53.1 67.8 0.23 

Jun 91. 6 61.4 76.5 0.34 

Jul 93. 2 67. 3 80. 3 2.88 

Aug 89.7 65.0 77.4 3.16 

Sep 87.6 61.0 74.3 1.84 

Oct 78.6 51.5 65.1 1.18 

Nov 66.2 40.7 53. 5 1.23 

Dec 58.9 35.7 47.3 2.23 

Mean annual precipitation = 18.91 in = 47. 28 cm. 

Mean daily maximum, hottest month (July) = 93 . 2°F = = 34 °C. 

Mean daily minimum, coldest month (Jan) = 34. 3°F - 1.3°C. 



Table 8. Climatic data for Palisade Ranger Station, Santa 
Catalina Mountains, Arizona from Sellers and Hill 
(1974) — Elevation 2384 m (7945 ft); period of 
record 1965-1970. 

Temperature means °F 

Month 
Daily 
maximum 

Daily 
minimum Monthly 

Precipi tation 
mean in inches 

Jan 43.8 24.7 34.3 1.98 

Feb 44. 6 24. 9 34.8 2.44 

Mar 47.9 26.3 37.1 2.12 

Apr 56. 0 31. 7 43.9 0.86 

May 66. 7 40.6 53.7 0.42 

Jun 74.4 47.7 61.1 0.37 

Jul 75.5 52.7 64.1 4.75 

Aug 73.0 50.3 61. 7 3. 96 

Sep 68. 3 45.8 57.1 4.24 

Oct 61. 5 38.0 49.8 0. 62 

Nov 52.2 31.5 41.9 2.73 

Dec 44. 3 23.5 33.9 5. 20 

Mean annual precipitation = 29.69 in = 74. 75 cm. 

Mean daily maximum, hottest month (July) = 75 . 5°F = 24.2°C. 

Mean daily minimum, coldest month (Jan) = 24. 7 °F = -4 °C. 
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Table 9. Climatic data for Sabino Canyon, Santa Catalina 
Mountains, Arizona from Sellers and Hill (1974) --
Elevation 792 m (2640 ft); period of record 1941-
1970. 

Temperature means °F 

Month 
Daily 
maximum 

Daily 
minimum Monthly 

Precipitation 
mean in inches 

Jan 66.6 36.9 51.8 1. 03 

Feb 69. 8 38.7 54.3 0.78 

Mar 74. 3 42.5 58.4 0.93 

Apr 83.3 49.5 66.4 0. 47 

May 92. 2 56.8 74.5 0.11 

Jun 100.8 65.7 83.3 0. 21 

Jul 102.0 72. 8 87.4 2. 07 

Aug 99.3 70. 6 85.0 2. 37 

Sep 97.0 66.0 81.5 1.19 

Oct 87.4 55.0 71. 2 0.82 

Nov 75. 7 43.7 59.7 0. 67 

Dec 68. 2 37.9 53.1 1. 20 

Mean annual precipitation = 11.85 in = 29 . 6 cm. 

Mean daily maximum hottest month (July) = 102°F =- 38.9°C. 

Mean daily minimum coldest month (Jan) = 36. 9°" = 2.72°C. 
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mean daily maximum temperature in July of 93.2°F (34.0°C), 

and a mean daily minimum temperature in January of 34.3°F 

(1.3°C). 
4 

Palisade Ranger Station (Table 8), situated on the 

south side of the mountain about 900 ft (279 m) above the 

top of the Chaparral zone, has a mean annual precipitation 

of 29.69 in (74.2 cm), a mean daily maximum temperature in 

July of 75.5°F (24.2°C), and a mean daily minimum tempera

ture in January of 24.7°F (-4°C). 

Sabino Canyon (Table 9) on the south side of the 

range and some 900 ft (2 79 m) below the bottom of the 

Chaparral zone, has a mean annual precipitation of 11.85 in 

(29.6 cm), a mean daily maximum temperature in July of 

102°F (38.8°C), and a mean daily minimum temperature in 

January of 36.9°F (2.7°C). 

During the course of this study, the fact of killing 

spring frosts was of major importance to the Chaparral zone. 

Not only both manzanitas, but other spring-flowering species 

such as Rhus trilobata, the evergreen oaks Quercus oblonqi-

folia and Q. emoryi, and numerous deciduous riparian species 

were severely damaged. 

In 1975 the cold snaps which interfered with 

flowering started on Valentine's Day February 14, and con

tinued through April. In 1976, Ash Wednesday March 3, and 

Good Friday April 16, were heavy frosts accompanied by snow 

falling even in the Tucson valley. There is indication that 
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the unusually dry, warm weather in midwinter which preceded 

these phytological fiascos in both 1975 and 1976 may be 

part of a new cycle in southern Arizona climate. If so, the 

implications for Arctostaphylos may not be good. 

In this regard, the views of Axelrod (1948) about 

the origins of Chaparral are pertinent. During the geo

logical Tertiary there was a great forest over much of the 

world. In western North America, two large groupings of 

plants, the Arcto- and Madro-Tertiary Floras, dominated the 

scene. Arctostaphylos was a component of the latter. Then 

a continental uplifting produced changes leading to aridity. 

A mild, warm, semiarid climate characterized the western 

United States during the subsequent Pliocene. Continued 

topographic change produced differentiation of the extensive 

Tertiary floras into geographically restricted floras. 

The California, and closely related Arizona, 

Chaparrals reached their maximum development in mid-Pliocene 

with the association of Arctostaphylos, Ceanothus, Cerco-

carpus, Dendromecon, Fremontia, Garry.;, Photinia, Quercus, 

and Rhus as floral components. 

If the Tertiary forests are thought of as inhabiting 

a time and place of high "temperateness," then remnants of 

those forests which still inhabit, and have continuously, 

the same areas are living in places of high "temperateness." 

Axelrod (1966) gives as examples of such long-term con

stancy: Puebla-Oaxaca in Mexico, southern Chile, and the 
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Canary Islands. As a comparison of modern chaparral 

situations, he says the southern California oak woodland and 

chaparral inhabit areas where "temperateness" is 60-65, but 

in the closely related vegetation in central Arizona, it is 

only 55-50. The difference occurred in a shift to climates 

of lower "temperateness" during the later Cenozoic in 

central Arizona. As temperatures become colder and pre

cipitation lighter, "temperateness" decreases. 

Certainly in the past two springs, "temperateness" 

in the Catalinas has gone down a few points, the result of 

late spring cold snaps and dry winters. Whether this is 

more than a blip in the weather trends on a geologic time 

scale remains to be seen. 

There has been discussion as to the nature of the 

climax in Arizona Chaparral. Plummer (1911) referred to the 

Arizona formation as "mock chaparral" and felt that the area 

should rightfully support forest, but was temporarily bush 

due to logging or fire. Weaver and Clements (1938) classi

fied it as being part of the Coastal Chaparral, but did not 

regard the Arizona variety as anything but sub-climax, 

maintained by fire in the margins of the pine forest. A 

more current view (Cable 1975) is that the main bod; of 

Arizona Chaparral is a true climatic climax. 

Biswell (1974) defines three kinds 1 Chaparral: 

1. Climax or true Chaparral which is on shallow soils 

and steep topography without herbaceous understory. 
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2. Woodland-grass Chaparral which is supposed to be 

successional and maintained by fire. 

3. Forest Chaparral, also fire-supported, carved out 

of forest. 

Biswell notes that species adapted to fire exibit stump-

sprouting, layering, have heat-resistant seed capable of 

lying dormant and viable in duff and soil for long periods, 

and which go into heavy production 3-5 years after a burn. 

By comparison, this author finds that the Catalina manzanita 

do not stump-sprout and appear to require perhaps 2-3 times 

longer for inception of flowering. However, they do have 

fire-stimulated germination, therefore the possibility 

exists that they could form part of either Biswell's number 

2 or number 3 kind of Chaparral. 

The author submits that manzanita-containing 

Catalina Chaparral is closer to category 1 than any of the 

others; also, that Catalina Chaparral deserves to be studied 

as a composite type, perhaps exhibiting all three chaparral 

kinds as defined by Biswell, and containing community sub

divisions different from those discussed by Cable (1975) . 

It would be particularly interesting to consider whether Q. 

hypoleucoides, which is an aggressive colonizer and shades 

out manzanita in the higher elevations, is properly con

sidered a component of Chaparral. 
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Associations with Plant Species 

Introduction 

In order to obtain quanti native vegetational data 

about Arctostaphylos and their spatial relations to other 

species within their zone, two areas were selected for field 

measurement. The first was Molino Canyon, approximately 

1.5 hrs walk or 1.5 mi distant from Molino Canyon campground 

on the Catalina Highway. The area selected was at an eleva

tion of approximately 1612 m (5200 ft) in a small basin and 

represented the lowest situation in that canyon where both 

A. pringlei and A. pungens were growing together. It is 

therefore on the lower edge of the A. pringlei distribution. 

The manzanita population was relatively very dense, and 

essentially untouched by livestock. The slopes were 20 and 

30%, and generally hard to move through because of cliffs, 

boulders, and brush. The canyon bottom supported tall 

conifer groves near the study sites. Measurements were done 

June 13 and June 19, 1976. 

The second site was the south wall of Burro Creek, 

approximately 7.2 km (6 mi) airline east of Geology Vista at 

an elevation of approximately 1364 m (4400 ft), some 2 hr 

by jeep from the nearest graded dirt road. This area was 

not high enough in elevation to support A. pringlei. The 

A. punqens population was of savannah-like density (Fig. 6). 

The site has been, and continues to be, subject to grazing 
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in connection with the Bellota Ranch. Slopes ranged from 

30 to 55%. Measurements were done July 13, 1976. 

Method 

The objectives of sampling were: 

1. To obtain coverage and frequency values to compare 

with the findings of Whittaker and Niering (1965) 

on both species of Arctostaphylos. 

2. To compare Arctostaphylos spp. abundance and age 

classes by slope aspect. 

3. To characterize a dense, manzanita-dominated 

chaparral community. 

4. To characterize a manzanita-dominated rangeland. 

5. To check the influence of Arctostaphylos on under-

story plants possibly subject to phytotoxins, 

6. To expand the types of Arctostaphylos sites already 

studied in the range by getting away from easily 

accessible areas. 

The sampling design followed the belt-transect 

method of Schmutz (1976). In each of the two sampling 

areas, four open slopes were selected to represent one of 

each of four aspect classes (see section on Aspect Differ

entials) . On each of these four aspects a base-line was 

sigiited by compass and 4 belt-transects of 15.8 m (50 ft) 

2 length by 0.1 m width were laid out at right angles to it. 

Generally, the transects alternated from right to left off 
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the base-line. The spacing between transects was also 15.8 

m (50 ft). 

Within the transect, all manzanita plants were 

assigned an age class according to the following system: 

for A. pungens: 

1. seedling up to flowering 

2. flowering up to dead center in shrub 

3. dead center up to ring form 

4. ring form up to dead skeleton 

for A. pringlei: 

1. seedling up to flowering 

2. flowering to arborescent form 

3. arborescent form up to skeletonization 

4. skeletonization to dead skeleton 

Crown cover and per cent composition were obtained 

2 by use of a 0.1 m frame, divided into tenths for easy 

estimation of plant canopy coverage. Crown cover is defined 

as the area covered by the projected plant body relative to 

the amount of ground surface. Per cent composition is de

fined as the percentage of a given plant species on the 

transect relative to all other species found there. It is 

worthwhile to mention that frames of baling wire, flexible 

fiber-glass tapes, and a collapsible meter frame designed by 

Dr. Schmutz were good instruments for working in the 

Chaparral zone. Originally, a rigid meter frame was used, 

but this was very inconvenient to transport through brush. 
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Frequency, the number of sample plots in which a 

species occurs, was obtained using a meter frame along the 

opposite side of the transect from that used for cover and 

composition. The intervals of sampling were 0, 2.5, 5, 

7.5, 10, and 12.5 m along the transect for each transect as 

a baseline, plus one extra plot at the end to make a total 

of 25 frequency plots per baseline and 100 total for a whole 

study site. This system was not satisfactory because the 

meter frame was too large relative to the area from which 

the samples were derived. In future, a series of additional 

transects should be used between the lines established for 

cover and composition in order to spread out the frequency 

plots. 

Density, the number of plants per hectare, can be 

obtained from recording the number of plants on a transect 

and relating that to the area covered by the transect, and 

then extrapolating to the aspect represented by the sample. 

The fact of ring-formation greatly complicated this measure

ment. The question of whether to consider the individual 

components of old rings as single plants became very diffi

cult to answer. The density measurements employed are not 

very useful for making comparisons with other investigators' 

data. 

At both sites, an attempt was made to begin each of 

the four aspects at approximately the same elevation in 
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order to control the often pronounced change of community 

with elevation. 

Data taken on the transects excluded all plant life 

except woody perennials and grasses. 

In addition to the aforementioned measurements and 

formal observations, both areas were examined for evidence 

of fire, for signs of grazing, for human disturbance, and 

for presence of herbaceous phanerogams or cryptogamic 

plants, 

Results 

The results of cover, composition, and frequency 

measurements are shown in Table 10. Of particular interest 

is the cluster of species which together account for the 

majority of vegetation on the sites. In Burro Creek, the 

importance values for the top five species are: 

A. pungens 109 

Bouteloua spp. 74 

Agave schotti 52 

Andropogon cirratus 4 6 

Muhlenberqia emersleyi 4 0 

In Molino Canyon, the importance values for the top 

four species are: 

A. pungens 107 

Muhlenbergia emersleyi 8 3 
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10. Per cent frequency, cover, and composition averaged over all aspects 
for species associated with Arctostaphylos at Burro Creek and at Molino 
Canyon, Santa Catalina Mountains — Data compiled and analyzed by 
Annita Harlan. 

Species % Frequency Ave. % cover Ave. % composition 

Andropogon barbinodis 9/- • 3/- .3/" 
Andropogon cirratus 34/- 3.6/- 8.4/-
Agave palmeri 6/1 . 3/.1 .7/.2 
Agave schottii 36/37 5.4/7.9 10.8/14 
Arctostaphylos pringlei -/8 -/5.2 -/5.3 
Arctostaphylos pungens 47/58 20/23.4 42.4/25.8 
Aristida orcuttiana 11/14 1.5/1 1.1/1.7 
Bouteloua curtipendula-j 

60/-Bouteloua hirsuta | a 60/- 3.7/- 10.3/-
Bouteloua radicosa ^ 
Calliandra eriophylla 12/- .6/- 1.6/-
Dalea greggii 2/- .9/- • 3/-
Dasylirion wheeleri -/6 -/1-5 -/1.6 
Eragrostis intermedia 13/- 1/- 1.5/-
Eriogonum wrightii 1/- -/- -/-
Garrya wrightii -/4 -/1. 6 -/1.9 
Haplopappus laricifolius 
Heteropogon contortus*3 

3/-
6/15 

.4/-

.2/2.1 
• 8/-
1.1/4.3 

Juniperus monosperma -/- .02/1 .1/1.4 
Juniperus deppeana 1/6 -/I -/l.l 
Lotus rigidus 9/- • 15/- .25/-
Lycurus phleoides 10/- .25/- .25/-
Muhlenbergia emersleyi 30/60 3/7.5 7.4/15.2 
Nolina microcarpa 13/11 1.8/4.1 3.7/4.5 
Pinus cembroides ~/24 -/31.9 -/13.4 
Quercus arizonica -/6 ~/2.4 -/3. 5 
Quercus emoryi 4/9 .6/5.3 1.5/4.7 
Quercus oblongifolia - / - 1.7/- 1.7/1.6 



Table 10.—Continued 

No. Species % Frequency Ave. % cover Ave. % composition 

29. Trachypogon montufari - - — 

30 Vauquelinia californica 1/- .4/- 1/-
31 Other 5/2 .01/- - / -

cl Treated as Bouteloua spp. 

^Treated as a unit. 
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Pinus cembroides 69 

Agave schotti 6 8 

Importance here is average % frequency + average % 

cover + average % composition = 300 maximum, rather than 

the usual formula as given by Lindsey (1956). 

Travel by foot on Burro Creek was relatively simple; 

at Molino Canyon it was difficult, the difference being one 

of density of the manzanita population. The author's 

figures for density show a range of 220 plants per hectare 

(89 plants per acre) to 350 plants per hectare (140 plants 

per acre) on Burro Creek for A. pungens. By comparison, 

Molino Canyon had 350 plants per hectare (140 plants per 

acre) to 1000 plants per hectare (406 plants per acre) for 

the same species. 

In both areas, the community is strongly dominated 

by manzanita shrubs, shin dagger, and two or three genera 

of grasses. Molino Canyon also supports pinyon pine, 

probably because of the extra 248 m (800 ft) of elevation. 

In both areas Selaginella spp. formed important surface 

cover on the soil. This factor was not considered in 

measurement, but deserves a study in itself. It combines 

with unidentified species of blue-green algae to form a 

protective covering in many areas in Molino Canyon, and is 

also important to Burro Creek soil surface despite the 

presence of hooved grazing animals. 
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The next level of canopy: The grasses, small shrubs 

(including Liliaceous and Amaryllidaceous perennials) is 

almost entirely grass in Molino Canyon, but in the rela

tively wide-open Burro Creek situation, small shrubs make 

more of a showing. They still account for only 4.2% of 

cover. Of annuals little can be said, droughty conditions 

having prevented much of a show from them in 19 76. Although 

it never fell within the sample areas, a conspicuous species 

at Burro Creek, because of its color and beauty, was the 

bulb plant Zephyranthes longifolia, the yellow zephyr lily. 

The third layer of canopy was large shrubs, such as 

manzanita, silk-tassel, and young oaks. A fourth layer does 

exist in the tall A. pringlei, pinyon pine, and oaks at 

Molino Canyon. In Burro Creek this layer included very 

sparse juniper and oaks only. 

In Tables 11 and 12 numbers of individual manzanita 

plants of different age classes are listed according to 

aspects occupied. It is evident for both species in both 

sites that the most complete array is found on south-facing 

slopes. It is also seen that north-facing slopes show more 

young plants. 

At Burro Creek, A. pungens showed a mean coverage of 

20.4%. At Molino Canyon, this species had a mean coverage 

of 4 2.3%. These figures concur with the textual discussion 

of Whittaker and Niering (1965:439) which gives 20-40% 

cover for the species over its range. In contradiction, 
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Table 11. Age classes of A. pungens by aspect — Data by 
Annita Harlan. 

Baseline & 
transect no, Aspect 

Age class 

Burro Creek: 
I 1-4 E 0 0 1 3 0 
II 1-4 W 0 0 2 5 0 
III 1-4 S 0 0 6 5 0 

H
 
<
 1 4^
 

NE 0 5 1 5 0 

Molino Canyon: 
I 1-4 SSW 0 11 6 3 5 
II 1-4 ESE 0 3 3 2 0 
III 1-4 NW 0 1 1 14 0 
IV 1-4 NE 0 1 0 7 0 

Table 12. Age classes of A. pringlei by aspect -- Data by 
Annita Harlan. 

Baseline & 
transect no. Aspect 

Age class 

Molino Canyon: 
I 1-4 SSW 1 1 1 2 0 
II 1-4 ESE 0 0 0 0 0 
III 1-4 NW 0 0 0 1 1 
IV 1-4 NE 0 2 0 0 0 



113 

their tabular coverage values for the 1220-1830 m (4-6000 

ft) zone ranges from 0.9-7.9%. 

For A. pringlei at Molino Canyon this author's mean 

coverage figure was 5%, quite comparable to the tabular data 

of Whittaker and Niering which gives 4.2% in their zone VI, 

1525-1830 m (5-6000 ft). 

Figures 40 and 41 describe in a general way what the 

author believes to be the relative densities of each of the 

two species of manzanita over their ranges in the Catalinas. 

This is less a quantitative diagram than an impression.! stic 

one, based partly on measurement and partly on subjective 

evaluation while traveling in the mountain range. As a 

footnote to the A. pringlei map, the area of greatest 

ignorance is the north side of the front range of the 

Catalinas, lying to the south of the West Fork of Sabino 

Canyon, and essentially excluded from the distribution as 

shown. Regarding A. pungens, more information is needed 

for the east side, south of the Control Road to Peck Basin. 

Discussion 

It can be seen from the data of Table 10 that in a 

thick stand of Arctostaphylos, such as in Molino Canyon, 

other species are minimal by comparison. On the other hand, 

248 m (800 ft) lower, in the Burro Creek site, the manzanita 

community takes an open form with many grasses and other 

shrubs as floristic companions. In higher elevations, above 
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Fig. 40. Diagram of density of A. pringlei in the Santa 
Catalina Mountains — Data collected and arranged 
by Annita Harlan. Drawing by Marilyn Huggins. 
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1860 m (6000 ft) on the south side of the range, pinyon-

juniper and taller pines, and the large oaks like Quercus 

hypoleucoides and Q. reticulata become co-dominants with 

A. pungens and A. pringlei. 

The author has often seen, in the elevations above 

approximately 2108 m (6800 ft), that manzanita is only 

abundant along trails, roads, rock outcrops, old burns, and 

other areas where oaks and pines do not shade the ground. 

That A. pungens has the potential to expand into higher 

elevations if shade is removed, is shown by the presence of 

a young bush in a roadcut between the Red Ridge trailhead 

and the Mt. Lemmon Ski Lodge at elevation 2505 m (8080 ft). 

Here it has taken advantage of a new opening with favorable 

southern aspect. Presumably it will be shaded out by 

seedling Pinus ponderosa beside it. 

In the section on Growth Sequence it was noted that 

A. pungens "rings" support the growth of other tree and 

shrub species in their center. Quite apart from the 

leaching away of phytotoxins which this implies, the author 

is impressed by the consistent "nurse plant"-like associa

tion. What is so good about growing up in the middle of a 

manzanita ring? First there is litter. The old leaf drops 

accumulate directly under the plants, and although these 

vary in quantity, there is no doubt that the litter provides 

humus in which seeds can germinate. Presumably squirrels 

and chipmunks take shelter in the old rings, and from their 



meal remains, seeds of such things as oak and juniper and 

pine are left in a favorable situation for growth. Being 

in the center of a manzanita ring should be uncommonly good 

protection against the grazing of herbivorous animals such 

as deer and cattle. It is difficult for a human to make his 

way through any thicket of manzanita, and there is no indi

cation that things are easier for other large mammals. 

Trails normally go around, not through. A certain amount of 

shading is provided by the ring, and good protection from 

drying winds. 

Some such complex of "nursing" characteristics seems 

to be an important part of shrubland and short-forest in 

many areas of the western United States. The author 

commonly sees at a distance a "tree" or "shrub" which on 

closer inspection turns out to be two or more species 

growing together in a cluster which mimics an individual 

plant in its shape. This situation is distinct from the 

copse or small grove of several, closely spaced individuals 

of the same species. The "composite individual" is a much 

more intimate spatial association. 

Fungi 

The relationships that Arctostaphylos has with 

fungal species in the Catalinas are apparently few. 

Phellinus arctostaphvlli. white heart rot of manzanita, 

invades dead wood in living plants of A. pungens. Its 
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fruiting bodies were collected on branches of an old ring 

in Vail's Corral on April 24, 1976, by the author and 

identified by Dr. R. M. Gilbertson of The University of 

Arizona's Department of Plant Pathology. Dr. Gilbertson 

has no records of fungi reported on A. pringlei to date. 

The presence of damping-off fungi in manzanita 

seedlings grown by the author (see section on Fire Rela

tions) and of Botryosphaeria on roots of adult Catalina 

plants (see section on Germination) are inferential only, 

no culturing of the organisms having been performed in this 

study. 

Soil Poisoning Evidence 

No direct analysis for phytotoxins was made in this 

study. All evidence for their presence is extrapolation 

from the literature or circumstantial from observation in 

the field. 

Rice (1974) , in discussing the allelopathy of 

Arctostaphylos glauca and A. glandulosa, identified the non

volatile, water-soluble toxin as hydroquinone, an inhibitor 

of carbon dioxide fixation by isolated chloroplasts, of 

oxygen uptake in roots, of mitochondrial respiration, and 

of protein formation. The agent is found in leaves, bark, 

root, pericarp, and litter. Howe jr, as can also be sur

mised from the nurse-plant role of Catalina manzanita rings, 

Rice found that the old, rotted litter is pretty safe. 
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Leaching through time removes the poison. As toxins go, 

hydroquinone is both more poisonous and more persistent than 

those found in Adenostoma, a very well-studied allelopathic 

plant of the California Chaparral. 

An interaction of factors may be occurring between 

fires and allelopathic agents. Hydroquinone toxicity in

creases with heat up to 160°C (320°F), but is reduced after 

that according to Rice (1974). In 1965, Pase distinguished 

between an intense burn (leaves and twigs mostly consumed) 

which produced 18,189 A. pringlei seedlings per acre 

(45,473 per ha), vs. a light burn (shrubs, dead leaves, and 

small twigs intact) which produced 4,363 A. pringlei 

seedlings per acre (10,905 per ha). An intense burn, if it 

reached or exceeded 160°C might destroy more of the toxins, 

thereby allowing more seedling production. This would be 

true only if manzanita is sensitive to its own phytotoxins. 

This is not an established fact. The species of Arizona 

manzanita should be studied for their specific toxic agents. 

The 1973 burn at Vail's Corral produced an imme

diate, but somewhat sparse crop of A. pungens seedlings 

afterwards. In subsequent seasons, no further seedlings 

came up. The author suggests that a possible inference is 

that new seedlings inhibit the growth of more like them

selves via phytotoxin production. It is also the case that 

many herbs came up in the burn which do not occur in a 

mature stand of manzanita. These did not arise on the 
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ground that had been occupied by manzanita at the time of 

the burn, which would have been classified as intense. In 

the case of this particular fire, it is still too early, in 

1976, to see whether toxins from the growing, seedling A. 

pungens are affecting the growth of the newly established 

grass and shrubs. It is probably significant, however, that 

none of the seedlings are being encroached upon by herbs or 

grasses. 

A phenomenon which becomes difficult to understand 

from the phytotoxin point of view is the association of A. 

pungens and A. prinqlei on the steep slopes of the Catalinas. 

It is very common, as observed by the author, for a tree of 

A. prinqlei to exist with a skirt of A. pungens underneath 

it, and often on the downhill side. These clusters occur 

most noticeably on south-facing slopes and one can see that 

possible shading problems are obviated by this orientation, 

but since Arctostaphylos phytotoxins are alleged to be 

water-soluble, and would presumably migrate downhill, how 

can the A. pungens grow in this position? Probably only 

soil porosity analysis combined with a study of root depths 

is going to solve this puzzle. 

Associations with Animal Species 

Birds 

In providing their fruit as food for birds, seed-

producing plants may disseminate seeds to locales far from 
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the parent plant's situation. In order to determine 

accurately whether any bird species are eating the fruit of 

manzanita, it would be necessary to examine stomach contents 

of birds observed to frequent the zone where the plants 

occur. This was not done in this study, and to my knowledge 

has not been done previously by any investigator. Never

theless, one can deduce those species probably involved in 

berry utilization from the literature and from the observa

tions of ornithologists who have had field experience in 

Chaparral. Table 13 lists those bird species which frequent 

the manzanita zone in the appropriate seasons and whose 

eating habits and size would allow them to use the berry 

resource. I am grateful to Mr. Amadeo Rea for assistance in 

this compilation. It is necessary to point out that in his 

remembrance, Mr. Rea has never seen manzanita seed in the 

stomachs of any bird whatever, in Arizona or in the much 

more extensive California Chaparral. I also have never 

actually seen a bird eating the fruits. 

In attempting to understand the peculiar lack of A. 

pringlei on the north side of the Catalinas, one asks 

whether seeds can reach the area in question. With present 

information, the answer seems to be "probably." 

For some investigators of disjunct flora, the 

importance of such dispersal is fundamental. Axelrod (1948) 

and others have envisioned a spatial and temporal continuity 

of vegetation, including Arctostaphylos, spreading 
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Table 13. Birds that may use and disperse seed of 
Arctostaphylos — Data compiled from Phillips, 
Marshall, and Monson (1964) and Amadeo Rea. 

•"Aphelocoma" coerulescens = scrub jay 

"Aphelocoma" ultramarina = Mexican jay 

Callipepla gambelii = Gambel's quail 

Catharus guttatus = hermit thrush 

Coccothraustes vespertinus = evening grosbeak 

Colaptes auratus = red-shafted flicker 

Columba fasciata fasciata = band-tailed pigeon 

Corvus corax - common raven 

Piranga flava = hepatic tanager 

Pheucticus ludovicianus = black-headed grosbeak 

Pipilo erythrophthalmus = rufous-sided towhee 

Pipilo fuscus = brown towhee 

Sialia mexicana = western bluebird 

Turdus migratorius = American robin 
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throughout the southwestern U.S. in Tertiary times. Sub

sequently, orographic changes lead to the establishment of 

the island mountain ranges with disjunct forests in Recent 

times. Such continuity to the present day has been ques

tioned by Wells (1966) who suggests that for some of these 

patches of montane forests, species distribution may be best 

accounted for by the hypothesis that no continuity ever 

existed from patch to patch. Individual species were 

brought separately by various dispersal agents. (See 

Gleason and Cronquist 1964, for overall theory of such 

plant migration.) This line of reasoning is certainly a 

good alternative hypothesis to the continuity of Madro-

Tertiary elements. 

One dispersal agent implicated by Wells is the band-

tailed pigeon which is capable of carrying the seeds of 

relatively large forest species relatively long distances. 

Until appropriate fossil data are forthcoming, either from 

ancient rodent nests or rock fossils or pollen, it should 

be considered an open question whether Catalina manzanita 

"flew" from mountain to mountain by pigeon or whether the 

species are part of old, interconnected brushlands that 

once stretched across the intermontane valleys. 

In addition to the listed birds in Table 13, 

hummingbirds appear to utilize the nectar of the flowers 

and may serve as pollinators. These tiny birds do nest in 

the manzanita and are frequent companions to the field 
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investigator, largely because they monitor any trespasser on 

their territory. 

Insects 

Insects utilize various parts of flowering plants, 

and are in turn utilized by the plants as pollinators. 

Information concerning insect foraging on vegetative por

tions reported by Essig (1958) included: 

1. Euphyllura arctostaphyli, the manzanita psyllid, 

Family Chermidae, Order Homoptera. The nymphs cause 

curling, thickening, and reddening of leaves. This 

affliction has been seen frequently in the Catalina 

populations of Arctostaphylos pungens by this 

author. 

2. Aspidiotus camelliae, the greedy scale, Family 

Diaspideriae, Order Homoptera. Also, A. hederae, 

the oleander scale. 

3. Polycaon confertus, the branch and twig borer, 

Family Bostrichidae, Order Coleoptera. It breeds 

in manzanita. 

4. Aglais californica, the California tortoise shell 

butterfly, Family Nymphalidae, Order Lepidoptera. 

Its larvae eat manzanita. 

5. Pseudohazis eglanterina, the brown day moth, Family 

Saturnidae, Order Lepidoptera. Its caterpillars 

eat manzanita. 



125 

6. Malacosoma constricta, tent caterpillar, Family 

Lasiocampidae, Order Lepidoptera. These have been 

seen on numerous plants in the Catalinas, but the 

author has never seen them on the manzanitas. 

Apart from eating the foliage, insects are attracted 

to manzanita flowers for nectax, pollen, housing, and less 

obvious reasons. 

From late February, 1976, to early June, 19 76, 

attempts were made by the author to observe insect visita

tion and to capture insects actually entering the flowers of 

both A. pungens and A. pringlei. Because this project was 

started at the end of A. pungens flowering, most data were 

obtained from A. pringlei. 

No collecting trips were made at night, but early 

morning, mid-morning, noontime, afternoon, and late after

noon collections on sunny days were done. All specimens 

were taken from the south side of the mountains, but ob

servations were pan-range. The procedure followed was to 

take only animals seen using manzanita and to capture the 

insect in a net or bottle and transfer it to a cyanide 

killing vial. Specimens collected in this way were taken 

to Dr. Floyd Werner of The University of Arizona who 

identified them, or arranged for identification by special

ists in the particular insect order, and incorporated them 

into study collections. 
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Insects taken in the field during this time are 

listed in Table 14. 

In Table 15 is presented a list of Hymenoptera 

collected from Arctostaphylos plants in the extensive 

California Chaparral (Moldenke and Neff 1974). This is 

included to give indication of the variety of bees and wasps 

that may pollinate Arctostaphylos which were not observed or 

collected by this investigator. It should be noted that the 

California Chaparral has many potential "bee plants" which 

bloom at the same time of year as Arctostaphylos. In the 

Catalinas, this is generally not so. At the times when the 

manzanitas are blooming, very few other entomophilous plants 

in the same communities are blossoming. Rhus trilobata does 

coincide with A. punqens. It is possible that the insects 

collected from Catalina manzanitas are more specific to them 

than the list of California manzanita-related insects. 

Ecological information about the relationship of 

the Catalina-collected insects to Arctostaphylos is lacking, 

but from the general literature, and observations made by 

the author in the field, some statements can be made. 

Many animals seem to be visiting the plants for the 

nectar, or as Dr. Floyd Werner puts it, "They were just 

dropping by for a few beers." 

In their correlations of flower types and attendant 

insects, Proctor and Yeo (1972) generalize from Knuth that 

flowers with concealed nectar are rarely white or yellow, 



Table 14. Possible pollinating insects of Arctostaphylos in the Santa Catalina 
Mountains — Data by Annita Harlan. 

Plant 
Order Family Species associates Date/time obs. Eleva tion Obs crvatio r.s 

Coleoptera Dasytidae AtTiecocerus martir.j A. punqens 4/24/76, 1500-1600 2248 m Very numerous around blossoms; 
(Blaisdcll) flying in 6 out 
small beetle 

Diptera Anthomyiidae Hylemya platura 
(Meigen) fly 

A. punqens 4/24/76, 1500-1600 2248 m Occds.; rest on busies, probe 
in flowers 

Diptera Bcmbyiiidae Bombylius major 
Linnaeus bee-fly 

A. pungens 4/24/76, 1500-1600 2248 m Drinking nectar; 1 or 2 in 
45 min. 

Diptera Bombyliidae B. duncani Painter A. prinqlei 5/31/76, 0800-1000 2170 m 2 or 3 in 2 hours 
bee-fly 

prinqlei 

Diptera Syrphidae Eristalis tenax L. 
hoverfly 

A. prinqlei 5/25/76, 0600-1000 2170 m Drinking nectar; 1 or 2 in 
2 hrs. 

Hymenoptera flndrenidae Andrena sp. bee A. prinqlei 4/20/76, 1200 1637 m Drinking nectar; 1 or 2 in 
15 min. 

Hymenoptera Anthophoridae Xylocopa californica 
arizonensis Crisson 
carpenter bee 

A. pringlei 5/25/76, 0600-1000 2170 m Makes 6/or uses holes in 
blossoms; 1 or 2 in 2 hrs. 

Hymenoptera Apidae Apis mellifera L. both always present Collect nectar mostly 
honeybee 

Hymenoptera Formicidae ? ants bo tli always present On foliage 
Hymenoptera Megachilidae Osmia ribifloris A. prinqlei 5/31/76, 0800-1000 2170 m 1 in 2 hours 

Ckll. black bee 
prinqlei 

Hymenoptera Pteroraalidae Pseudocatolaccus 
arocricamis Gaban 
green parasitic wisp 

A. prinylei 5/23/76, 1800-2200 Numerous 

Hymenoptera Vespidae Leptochilus sp. 
large wasp 

A. pringlei 4/20/76, 1200 1637 m Getting nectar; 1 or 2 in 
3.5 min. 

Thysanoptera Thiipidae Frankliniella sp. A. pringlei 5/25/76, 0600-1000 2170 m Ubiquitous Ln blossoms 
thrip 

pringlei 

Thysanoptera Thripidae ? thrip A. prinqlei 5/25/76 - - -
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Table 15. Insects that utilize, and may pollinate, 
Arctostaphylos pungens in California Chaparral --
Compiled by Annita Harlan from Moldenke and Neff 
(1974). 

Insect species Family 

Emphoropsis daitimersi Anthophoridae 

Nomada elegantula Anthophoridae 

Andrena arctostaphyllae Andrenidae 

A. californiensis Andrenidae 

A. candidiformis Andrenidae 

A. vandykei Andrenidae 

A. w-scripta Andrenidae 

Panurginus gracilis Andrenidae 

Augochlorella pomoniella Halictidae 

Lasioglossum mellipes Halictidae 

L. sisymbrii Halictidae 

Evylaeus cooleyi Halictidae 
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generally shades of red, blue, or violet; their visitors 

being the longer-tongued insects, such as hoverflies, bee-

flies (Bombyliidae), and bees, including the honey-bee and 

bumble bees. Non-pollinators like flies are discouraged by 

a flower which does not provide "a horizontal disc on which 

they can loiter in the sun as well as feed" (Proctor and 

Yeo 1972:66). Helleborus foetidus is used as an example of 

a pendulous, bell-shaped flower, and insects which pollinate 

this morphological type are given as honey-bees, bumble 

bees, the Anthophora bee, and the hoverfly, Eristalis. 

Catalina Arctostaphylos, whose flowers are pendulous 

bells of pink or white and pink color, are visited by all 

the insects listed, Anthophora being replaced by Xylocopa 

in the same family. The author concludes that Proctor and 

Yeo's correlations are not violated in this case. 

Since no Arctostaphylos pollen was recovered from 

any insect collected, it cannot be surely stated that any of 

them in fact pollinate the plants, however it seems probable 

that both manzanitas have ample opportunity to be pollinated 

by all insects collected or observed in this study, plus 

hummingbirds. The literature supports the role of pol

linator for most of thebe animals with this kind of flower 

blossom. 

In the special case of beetle-pollinators, Proctor 

and Yeo (1972) cite evidence to indicate that flower beetles 

move around a great deal, which was indeed observed with 
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those on A. pungens by the author, and that removing them 

from a flower did not leave a vacancy for long. They also 

quote Verne Grant as suggesting that flowers especially 

adapted to beetle-pollination would be expected to have 

ovules well-protected against the jaws of the beetles, 

leading to perigyny in which the ovules are more or less 

sunken into the receptacle. The ovary of Arctostaphylos is 

partly covered by receptacular tissue and may exhibit such 

defenses, in this investigator's opinion. 

Thinking in terms of ancient adaptations, the author 

notes that Upper Cretaceous flora include Ericaceae in North 

America. At this time beetles were also present, but the 

ants, bees, and wasps, which are currently such important 

pollinators, did not appear until later (Proctor and Yeo 

1972). It is then expectable that Arctostaphylos should be 

adapted to both kinds of pollinators at this time. 

The morphological feature of long appendages on the 

manzanita anthers may well be related to insect pollination. 

Many members of the Arctostaphylos have these elongated 

limbs extending from the terminal pores of the anthers. It 

is suggested by Faegri and Van der Pijl (19 71) that these 

appendages have to be struck or moved in order to effect 

discharge of pollen. 

The author has observed that pollen grains rest on 

a small ring of hairs that extends from the inner surface 

of the corolla toward the surface of the style in freshly 
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opened flowers. In such a flower, the stigma barely sur

passes the length of the corolla. If the stigma, which at 

this stage shows 5 green glistening spots, is receptive, it 

would seem that self-pollination is likely without any 

insect interference. From observation in this study, it is 

not possible to weigh self-pollination vs. beetle pollina

tion vs. other insects as effective routes to good fruit-

set. 

As can be seen in Table 14, there is a periodicity 

in the visits of given insects to manzanita plants. In the 

latter part of the spring, it seems very likely that this 

is due to fluctuations in the availability of nectar. In 

the early morning from about 6:30 to 9:30, for instance, 

insect visitors on A. prinqlei were abundant. Subsequent 

to that, visitation dropped off markedly, only the honeybees 

being much in evidence, and these not staying long at any 

one flower. During this time the investigator picked a few 

flowers and tasted them for nectar. Most were dry. If one 

uses the honeybees as indicators, there is also an evening 

surge of nectar-production which commences about 4:30 pm 

at this time of year. 

Since these observations were occasional and not 

intensive, the possibility of differences in quality of 

nectar is not ruled out. Free (1970) cites a possible 

instance of this type from California. He says that honey

bees want the most concentrated nectar and have been seen to 
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leave Prunus domestica at 10 am when its sugar content was 

down to 20% and go to A. manzanita which had a 4 3% concen

tration until midafternoon when the manzanita nectar was 

somewhat exhausted. It is the case that sugar concentration 

and abundance of nectar vary independently of one another 

in flowering plants. 

Some visitation fluctuations may be related to other 

than nectar production by the plants. For instance, the 

green parasitic wasps, Pseudocatolaccus, were not observed 

during the morning nectar-gathering period, but only in the 

evening one. Their motivation, and their other places of 

visitation were not apparent. 

In a discussion of plant-insect dynamics, Heinrich 

(1976:395) says, ". . .if the flowers of different plant 

species were similar to each other the pollinators would 

visit them indiscriminately, taking food rewards but doing 

little pollination. ..." This would be an actual problem 

to the two manzanitas in the Catalinas, since the flowers of 

A. pungens and A. pringlei are essentially identical. 

Hybridization, therefore, has a great change of occurring, 

and has occurred frequently, as is seen in the rest of the 

genus. The factor which appears to separate the two 

Catalina species, as far as pollinators are concerned, is 

time of flowering. Arctostaphylos pungens is essentially 

finished, at all elevations, by the time A. pringlei comes 

into flower. This author did not carefully study the 
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pollinator and phenological coupling on the north side of 

the mountains, but I believe that A. pringlei pollen could 

be carried from nearby stands to the north side A. pungens 

when this species is in the latter part of its flowering 

season. Another area which shows an intermediate type of 

plant—a basically A. pringlei plant with an A. pungens-

influenced inflorescence—is at Lizard Rock where late 

flowering A. pungens can be reached by pollinators from 

early flowering A. pringlei within a mile or two of bee-

line distance. 

The diversity of possible pollinating mechanisms 

indicated for manzanita are impressive. The author wonders 

to what degree it is necessary for a Chaparral species to 

have alternative pollinating mechanisms. For instance, 

adverse weather affects both insects and plants, but not in 

like ways. Perhaps it is adaptive under these conditions 

to have a backup system such as self-fertilization to cover 

spring seasons when flying insects are destroyed but flowers 

are only delayed in development. 

Mammals Other Than Man 

The two relationships of most interest to this 

investigator where mammals are concerned with manzanita were 

whether mammals do disseminate seed of the plants and 

whether the plants serve as important food or shelter to 
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mammalian wildlife. Observations by the author and other 

students of field biology provided some answers. 

Unlike birds, where direct evidence of fruit con

sumption is unavailable, the mammals are commonly observed 

to eat manzanita berries. Observant travelers in the 

Chaparral frequently see seeds and red fruit peels in the 

feces of fox, bear, skunk, etc., dropped beside the trails 

and on flat rocks in the zone. Tom Pittinger (1976, 

personal communication), Forest Service Ranger in Sabino 

Canyon, believes the skunk population to be especially high 

users of this wild crop. 

This author has observed in several southern Arizona 

mountain ranges that bear are seasonally heavy consumers. 

The bear usage is particularly important to manzanita dis

semination because of their wide territorial wanderings. 

One would expect that they, the coyote, and other animals 

with an asterisk beside their names in Table 16, might be 

very important in dispersing seed from one part of a 

mountain range to another, or from range to range. 

The mammal most frequently seen in Catalina 

manzanita is probably the cliff chipmunk. Most active in 

early morning, these rodents reside in the brush and get 

their food from manzanita and its associated species. The 

chipmunk-manzanita association is widespread. Joan Callahan 

(1976, personal communication) has found in her studies of 

chipmunks that manzanita were the only type of seeds found 
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Table 16. Mammals that may eat foliage and/or disperse seed 
of Arctostaphylos — Compiled from observations by 
Tom Vaughan and Annita Harlan and data in Lowe 
(1972). 

Bassariscus astutus = ringtail cat 
Canis latrans = coyote3 
Conepatus me^oleucus = hognose skunk 
Dicotyles tajacu = javelinaa 
Dipodomys ordii = Ord kangaroo rat 
Dipodomys spectabilis = bannertail kangaroo rat 
Eutamias dorsalis = cliff chipmunk 
Felis rufus baileyi = bobcat 
Lepus californicus = blacktail jackrabbit 
Meiphitis macroura = hooded skunka 
Mephitis mephitis = striped skunka 
Nasua nasua = coati 
Neotoma albigula = whitethi oat woodrat 
Neotoma mexicana = Mexican woodrat 
Odocoileus hemionus = mule deera 
Odocoileus virginianus = whitetail deera 
Ovis canadensis = bighorn sheepa 
Peromyscus boylei = brush mouse 
Peromyscus maniculatus = deer mouse 
Procyon lotor = raccoon3 
Reithrodontomys fulvescens - fulvous harvest moust 
Reithrodontomys megalotis = Western harvest mouse 
Sciurus aberti = Abert's squirrel 
Sciuris arizonensis = Arizona gray squirrel 
Spilogale putorlus = spotted skunk 
Sylvilagus audubonii = desert cottontail 
Sylvilagus floridanus = eastern cottontail 
Urocyon cinereoargenteus = gray foxa 
Ursus americanus = black beara 

aWide-ranging species. 
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in cheek pouches of Eutamias merriami in the San Jacinto 

Mountains, California, in June, 1975. This chipmunk was 

also observed to feed on manzanita berries at several other 

localities in southern California. The range of the rodent 

closely parallels that of manzanita. Stephen Smith (1975, 

cited by Callahan 1975, personal communication) has noted 

that manzanita species are "primary late summer iood and 

winter storage crop" of chipmunks in the Coast Range and 

Sierra Nevada of California. By analogy, one would suppose 

an important role for the plant in chipmunk diet in the 

Catalinas. As far as long-distance seed dispersal is con

cerned, however, rodents are not efficient. Their terri

torial range does not extend more than a few hundred meters 

in most cases. 

According to a study done by Swank in 1956, foliage 

of manzanita is of little value to southwestern deer herds, 

at least as a food source. Although the genus has a con

sistently high water content, it is not browsed in their 

observations. It is low in palatibility, has a low 

phosphorus content (0.05-0.20%), and a low protein content 

(3.8-8.1%). Arctostaphylos pungens and A. pringlei are 

both listed as non-preferred species. 

From observation in this study, young foliage is 

browsed by deer in many areas of the Catalinas, although it 

is not a heavy usage as far as this investigator can tell. 

Young leaves on younger plants are preferred. The reason 
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for low usage may be palatability, nutrition, or both. 

Robinette (1972) pointed out that shrubs in burned over 

areas are unusually rich in proteins, and are therefore 

popular with herbivores. He also noted that shrubs from 

open areas are more browsed than understory ones. Both of 

these tendencies were borne out in Catalina field observa

tions by the author. 

An item that Robinette mentions which is very 

interesting and deserves some careful study is that during 

population highs, rodents turn from seeds to bark. In 1975 

dead branches of A. punqens near the roadside in Molino 

Basin proved, on inspection by the author, to have been 

girdled by rodents. Their teeth marks were readily 

apparent. It was not established, in this instance, 

whether this foraging was due to population pressure or some 

other factor. 

Regarding the other mammals on the list, it can only 

be said that their dietary habits and their ranges make them 

potential manzanita users, not directly documented by the 

author. The universal distaste in acquiring this kind of 

data was well summarized by a fellow biologist when asked if 

grey squirrel utilized manzanita in the Catalinas. He 

replied that his observation had been confined to the tall 

conifer forest, which is reputed to be the preferred habitat 

of the squirrels. He had not ventured into the Chaparral 

to observe if the squirrels went there. He mentioned that 
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it is, after all, hard to get around and see anything in 

the brush. 

Man 

The association of man and manzanita in modern times 

is typically one-sided; that is, man uses manzanita. The 

nature of usage is outlined below. 

There are medicinal uses for A. pungens, e.g., Vines 

(1960) states that in Mexico, the leaves and fruit are used 

as household remedies in dropsy, bronchitis, venereal 

diseases, and other afflictions. 

Several authors report that California manzanita 

fruits can be used for making jellies and tart drinks. The 

high tannin content of all the parts this author has tasted 

eliminate direct human consumption. The nectar, however, 

when gathered and processed through bees, provides a fine 

honey which is increasingly available in the Tucson area as 

use of crop insecticides forces local honey growers to 

utilize wild blossoms. 

In Arizona generally, utility efforts by modern man 

have centered on getting rid of manzanita-dominated 

Chaparral. In Cable (1975) the history, results, and pros

pects for this manipulation are well-summarized. Manzanita 

Chaparral according to Cable has a high potential for in

creased water yields with conversion to grass. And, of 

course, livestock are more likely to eat grass than 
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manzanita. In fact, the only animal much mentioned by range 

managers as a domestic predator on manzanita is the goat. 

These are often proposed as a good introduction when pruning 

of manzanita from the rangeland is desired. 

A side-problem which has occurred in California when 

brushland has been converted to grass is massive soil-

slippage. Hibbert et al. (1974) comment that this is not a 

certain danger for Arizona, but point out that slips in 

California occur on slopes greater than 80% and with greater 

precipitation than is customary here. In Arizona the 

Chaparral tends to be on more moderate slopes. The author 

thinks it important to note that there are some 60% or 

steeper slopes in the Catalinas that support manzanita, and 

for these, conversion would probably be unwise, not to 

mention expensive. 

In the Catalinas, where the land's recreational 

uses have been of more importance than either livestock or 

timber production, Chaparral in general, and manzanita in 

particular, has been left more to its own devices. This is 

probably a salutary thing. 

From the standpoint of scientists both in and out of 

land management circles, the "Coronado Chaparral," as Cable 

(1975:14) terms it, could serve as a preserve for scientific 

work. Cable points out that more information is needed in 

the physiology of phenological events of chaparral species 

if proper management is to be done. This author would like 
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to point out that in Sweden there are several classes of 

National Parks, some predominately for recreation--a concept 

with which we are familiar in the United States, and some 

exclusively for preservation and research—a far-sighted 

concept which should be considered. The author submits that 

preserving the roadless, trail-less, unmanipulated state of 

areas like Molino Canyon and its watershed on Guthrie 

Mountain in the Catalinas serves the latter purpose very 

well. 

In concluding the uses to which manzanita can be 

put, there is propagation for esthetic purposes. In 

California where some 50 species grace the countryside, 

propagation of the plants has been carried on since the 

1800's. The Rancho Santa Ana Botanic Gardens have been 

germinating seeds and rooting cuttings for many decades. 

Several varieties of considerable horticultural value have 

been put into garden use. Also, in Nevada, with many miles 

of relativel unvegetated highway, thought has gone into 

utilizing native Arctostaphylos as highway plantings to 

prevent erosion, screen headlights, beautify the roadside, 

and provide wind and dust breaks (Stark 1966). In Arizona 

this sort of native planting could be encouraged. The genus 

occurs naturally along the Catalina Highway at the present 

time. 
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Fire Relations 

Although man^ianita in the Catalinas is not totally 

dependent on fire for germination (see section on Germina

tion) , wild fires account for most cases of new starts in 

either species (Fig. 42, 43). Wildfires are also the chief 

cause of mortality in clones of A. pungens (see section on 

Maturation and Ageing). As one can observe after burns in 

the Catalina Chaparral, the mortality from fire may be very 

high. Branches or whole plants which have lost their 

foliage do not put out leaves (Fig. 42, 44), and the author 

has not seen any cases of sprouting from the roots when fire 

has destroyed the aerial portions. As pointed out by Adams 

(1940), neither A. pungens nor A. pringlei develop root 

crowns from which sprouting usually occurs. However it 

would not be surprising if sprouting occasionally happened 

since the chaparral zone is stony and sometimes roots and 

lower stems must be protected from the fire's heat by 

overlying rocks. 

There is presently no clear-cut answer to the 

question of how much heat and for how long is sufficient to 

allow germination in native manzanita. In 1964, Glendening 

and Pase tried unsuccessfully to simulate fire conditions in 

order to get an idea of the temperatures needed to obtain 

good A. pringlei production. Their sample plot was fired 

at 202.4°C (400°F) and over to 0.65 cm (0.26 in) depth for 

3.45 min, and at 92.4°C to 120°C (200 to 250°F) at 0.87 and 
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Fig. 42. Photograph in May 1975 of man-caused burn at 1519 
m (4900 ft) from summer 1973 — Note 15 cm (6 in) 
high seedling of Arctostaphylos in center fore
ground. Photo by Annita Harlan. 
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Fig. 43. Seedling of Arctostaphylos punqens from 1973 
burn, as seen in spring 1976 with new, taller 
branches — Photo by Annita Harlan. 
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Fig. 44. As seen in June 1975, a single branch of 
Arctostaphylos pungens which escaped fire damage 
in 1973 in the protection of a boulder -- Rest of 
bush is fire-killed. Photo by Annita Harlan. 
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0.59 in (2.2 cm and 1.48 cm), respectively. Herbs sprouted, 

but no Pringle's manzanita. These results did not clarify 

what temperature conditions constituted the "light" and 

"intense" burns described by Pase (1965) which have marked 

differences in manzanita production (see section on Soil-

Poisoning) . 

An earlier experiment, done by Sampson (1944) on 

Common and Parry's manzanita in California determined 

optimum germination temperatures of 115-126°C (240-260°F) 

for the former and 115-137°C (240-280°C) for the latter. 

Under 71°C (160°F) or over 148°C (300°F) gave 0% germina

tion. About the duration of the burn little is said except 

the remarkable fact that the seed interiors, as determined 

by thermocouples inserted therein, actually reached the 

firing temperatures in 3-4 minutes, and were still able to 

germinate thereafter. 

In this paper, the implicit attitude is that 

manzanita-dominated Chaparral, in its main body, not in its 

upper and lower extremes, is a true climatic climax. The 

author does not think it is necessary to postulate, as 

Whittaker and Niering (1968b:524) that the whole Catalina 

range is burned-over and maintained by fire. One reason for 

this author's disagreement is the presence of obviously very 

old stands of healthy, reproducing manzanita where no fires 

have been in decades, perhaps hundreds of years. Another 
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reason is the fire history of the Catalinas in the period 

of 1960-74 as shown in Fig. 45. 

The map diagram of Fig. 45 shows that if one gets 

away from the roads—the major source of man-caused fire--

and away from the chief natural cause — lightning striking 

taller trees--there is a lot of Catalinas left. In these 

left-over areas the manzanita is not fire-scarred and grows 

both tall and thick. Molino Canyon from Molino Basin to the 

tall timber at the head of Bear Canyon is the example of an 

old, unfired, lush area which was cited earlier in the 

section on Associations with Plant Species. It seems 

reasonable to assume that such stands, which include A. 

pringlei trees in excess of a foot in trunk diameter, have 

not been fired-over in hundreds of years. 

Perhaps this author's view and that of Whittaker and 

Niering would be closer if we could talk about specific time 

spans, and about specific elevations. Vogl and Schorr 

(1972), studying manzanita Chaparral in the San Jacinto 

Mountains of California believed that two fires per century 

would maintain the vegetation in its present state. Unlike 

Catalina manzanita, the species they were chiefly concerned 

with is a fire-sprouter, A. glandulosa. They suggested 

that frequent burning in upper elevations would probably 

favor pines at the expense of manzanita Chaparral, but 

complete elimination of fires would also produce changes 



147 

SANTA CATAUINA MOUNTAINS 
ARIZONA 

r-T-y 

M Man-causad 

L Lightning-caused 

Fig. 45. Concentrations of wildfires in the Santa Catalinas, 
1960-74 — Compiled from records of the United 
States Forest Service, Tucson, Arizona, by Annita 
Harlan. Drawing by Marilyn Huggins. 



148 

since A. glandulosa is adapted and dependent on fire for 

long-term survival. 

It seems very likely that an intermediately frequent 

number of fires per century probably maintains manzanita as 

a fire climax at the edge of the tall conifers both in 

California and in the Catalinas. 

It would be possible, using Forest Service fire maps 

and records, to accurately date burns for several decades 

into the past and by relocating these on the ground learn 

specifically how fires have altered manzanita communities. 

This author recommends this course of action to any land-

managers concerned with maintaining some ideal concentration 

of manzanita shrubbery on lands intended for conversion to 

grass. 



CHAPTER 5 

THE ROLES AND STRATEGIES OF ARCTOSTAPHYLOS 

In the comments that follow, the word "role" is used 

as a characterizing term for a related group of "strategies" 

exhibited by a species in response to the conditions of its 

life. For example, a plant species such as Rumex hymeno-

cephalus, which is subject to devastation by disease and 

insect pests when many plants grow together, might be con

sidered to carry out the role of "loner" if_ its population 

displays the strategies of: (1) growing only in small, 

widely dispersed clumps; (2) depending on beetles and other 

solitary, resident insects for pollination, or on apomixis: 

(3) relying on summer floods to carry its propagules away 

from the parent plant to new, suitable areas for coloniza

tion. 

The terms "role" and "strategy" are only conceptual 

tools, useful for outlining patterns in the myriad phenomena 

connected with plant life. They help to focus attention. 

They are not laws, but working hypotheses. Good discussions 

of "strategy" are found in the ecology textbooks of Pianka 

(1974) and Colinvaux (1973), based on the theoretical 

groundwork of Ronald Fisher and Robert MacArthur. This 

author's use of "role" overlaps with most authors' use of 

"strategy." 
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To play with hypotheses like this is one method of 

model-building, a game played by scientists in order to 

pique their minds into looking at natural phenomena as 

functioning systems. The methodology is a slight variant on 

the usual scientific mode: The hypothesis or model is 

founded on initial observations that suggest certain systems 

to the model-builder. The investigator guesses at the 

existence and nature of one or more systems and extrapolates 

to what the system should be able to do if the guess is 

correct. With the model and its corollaries in mind, he 

then returns to the field of observation and pursues the 

game using the new set of suppositions derived from how he 

thinks the system works. It has been the goal of this paper 

to make initial observations and devise hypotheses of 

systems. It remains for future investigations to take these 

ideas back into the field and/or laboratory and see whether 

they can be verified, amplified, or discarded. 

Arctostaphylos pungens can be thought of as playing 

the role of "opportunist" in its relation to the physical 

environment. The evidences for this conceptualization are 

the strategies whicn it employs: 

1. Producing a few cells or a new ring of wood in 

response to proper moisture and temperature condi

tions, however brief, at any time of year. 
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2. Producing new leaves and stem material at any time 

of year when temperature and moisture conditions 

permit. 

3. Producing a few cells or a new ring of wood in 

response to proper moisture and temperature condi

tions, however brief, at any time of year. 

4. Producing partially developed inflorescences when 

moisture and temperature levels permit and allowing 

these to remain in arrested development until photo-

period again is right for completing development, 

or until drought situations bring about abscission. 

The significance of internal carbon supplies in the 

role of "opportunist" are not explored, but should be. One 

wants to know how the species came to have such flexible 

coupling with the environment, but presumably this must be 

an adaptive strategy that has arisen in the face of erratic 

weather conditions, certainly a factor in arid-land mountain 

ranges. 

Artostaphylos pringlei does not exhibit strategies 

3 and 4 above, but it does share 1, and 2 to a lesser degree. 

It is not an opportunist in the matter of flowering, a fact 

which probably explains its confinement to the higher 

elevations of the chaparral zone. Its strategy in the face 

of late winter and spring freezes is to wait a month later 

than A. pungens to flower. It is playing the role of 
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"gambler" in this case. Statistically, one could figure out 

the odds of its seed crop in a random year, if one had a 

long term record of its successes and failures. 

The question can be asked, does the relatively 

restricted distribution which it has, by comparison with A. 

pungens, show that its role as gambler is less successful in 

the Catalina environment than the opportunist role played by 

A. pungens? Perhaps it is significant that A. pringlei is 

more abundant than A. pungens in their northern conjunct 

range in Arizona. Do the mechanisms behind "playing the 

odds" require less carbon expenditure, or less water ex

penditure than the mechanisms behind playing the oppor

tunist? If either of these were true, then A. pringlei 

could, by its tall vegetative growth, shade out A. pungens 

in light competition, thereby acquiring whatever water and 

nutrient resources were available as "booty." 

Both species in the Catalinas probably play the role 

of "spoilers" by their production of phytotoxins. The 

strategy of poisoning the soil for competing plant life 

appears to have its limits, as is seen in the nurse plant 

situation and the close association of the two Arcto-

staphylos on south-facing hillsides (quite possibly a nurse 

plant situation also). The fact of this amelioration of 

poisons over time suggests that the pressure to exclude 

competitors on the immediate soil surface may be strongest 

in seedling establishment. The long-lived clones of A. 
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pungens, and tree-forms of A. pringlei may have strategies of 

their own, peculiar to that age and form of the plants, 

which serve in the face of adverse circumstances after 

germination and the seedling stage have passed. For 

instance, it has recently been suggested by Vasek and 

Clovis (1976), working with ecotypes of A. qlauca in the 

San Bernardino Mountains of Southern California, that the 

layering strategy enables better exploitation of soil re

sources, especially where fires are so infrequent as to 

curtail fire recycling of nutrients. An upright, non-

layering form must, in this view, be more dependent upon 

fire for restoration of nutrients to the soil as a new crop 

of post-fire seedlings sprouts. 

Acrtostaphylos pungens is an "individualist" to an 

extreme degree in matters, as an adult, of light competi

tion, fungal predation, and soil moisture depletion. This 

is indicated by its "unit pipe" construction which allows a 

single, root-branch-leaf complex to respond as an individual 

to both opportunity and adversity. Individual twigs of A. 

pungens operate much as though they were independent plants, 

despite their clonal origin or their association with others 

like themselves in the same plant body. One wonders to what 

degree the single stems coordinate activities with each 

other. 

Arctostaphylos pringlei also exhibits the "unit 

pipe" strategy, but since it rarely layers and has strongly 



turned to the bark-striped arborescent strategy, it must 

have acquired its life-form adaptations in a time and a 

place where arborescent forms abounded. Perhaps it is still 

there to a large degree, since it favors the forest edge. 

Irrespective of present distributions, the question arises 

as to whether these two manzanita did not develop in 

rather different plant communities. In asking such a 

question, one also wants to know when the development took 

place. For instance, are the A. pungens and A. pringlei 

plants of the Catalinas behaving in a manner typical of 

other populations elsewhere in North America? Did they 

reach the Catalinas with their current strategies, or did 

they evolve them here? Indeed, did the two species, as we 

call them now, evolve from some parent stock in this area? 

Unfortunately, one of the better time machines for 

answering historical questions is of no use here. Pollen 

study has so far proven ineffective. According to Jeffrey 

Zauderer and Dr. Paul Martin (1976, personal communication) 

of The University of Arizona Geochronology Laboratory on 

Tumamoc Hill, Arctos I'.aphylos pollen does not preserve well, 

or at all, and there are no data about it in the Catalinas 

at present. 

A good case has been made by Davis (1972) for the 

genus being very shade intolerant. We aould characterize 

both species in the Catalinas as "sun-worshippers." In this 

case, the "sun-worshippers" may not be so much dependent 
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upon sunlight as able to endure it more successfully than 

other, possible plant competitors. More information is 

needed to clarify this point. However, some intriguing 

facts do exist. 

To be unshaded in regions of intense insolation 

carries risks in terms of chlorophyll destruction and high 

evapotranspiration. There are possible strategies for 

coping with this problem. First there is the red pigment, 

presumably an anthocyanin, that colors bark, mature fruits, 

very young seedling leaves, and fruits at various stages of 

development. Circumstantially, this red pigment seems to 

be a protective device for chlorophyll against the sun. It 

has been noted that the bark has a pigment layer which can 

be stripped off, and under that a layer of green, 

chlorophyll-containing tissue. The foliage of seedling A. 

pungens is distinct from the adult plant leaves. Seedling 

leaves are thinner, less leathery; have serrate, not 

entire margins; and exhibit the same red color mixed with 

their green. On berries, the sun-exposed surfaces develop a 

red color quite early. Berries in the shade do not do this 

until maturity. 

Secondly there is the strategy of "splinting" the 

older leaves against collapse. At lea^.t, this is one way 

of interpreting the lo;•, cell wall processes which inter-

digitate between the living mesophyll cells. 
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Thirdly, it appears that the stomates are truly 

non-functional in the older, heavily cutinized leaves. If 

so, this would strongly curtail water loss and suggests that 

a compensatory strategy to take care of gas exchange must 

exist--perhaps via the xylem or phloem stream. 

In the matter of subterranean roles and strategies, 

it seems that A. pungens, at least, employs back-up 

systems, or maybe multiple stages, like those of an Apollo 

moon rocket. The environment is basically arid, but the 

substrate is full of pockets of water. The adult plant, in 

its extended life, can employ its long taproots to exploit 

the deeper pockets of winter-storm derived water, but the 

seedling, with its many small, close-to-the-surface roots, 

can use even transitory moisture from summer thundershowers. 

In the process of layering, new surface roots are formed and 

these can, in turn, take up surface water for the new 

aerial growth. 

The two manzanitas appear to be non-discriminating 

as to species in the matter of pollination. They can 

maintain species discrimination by flowering, in the main, 

at different times so that pollen from one species does not 

reach the pistils of the other species; but by the strong 

similarity of their corollas, and by the occasional overlap 

of flowering times in certain years and elevations, they 

preserve the possibility of hybridization, of introgressive 

mixing of genetic material. This seems to be a particularly 
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powerful strategy to maintain the genus at the risk of 

species loss. The species concept does not seem to be 

particularly important in Arctostaphylos plants if one 

considers the intergradatic of morphological traits, 

genus-wide. 

In relation to man, wildlife, and domestic herbi

vores, both species of manzanita employ strategies of un-

palatability and poor nutritive content of foliage parts 

while producing edible fruits and seeds. This certainly 

maximizes energy efficiency and forms a relationship with 

predators favorable to the plant. Little plant body is 

lost, jjut dispersal is facilitated. The role may be 

characterized as one of maintaining sustained yield over 

many years in an environment that includes hungry animals. 

The final role which I wish to mention at this time 

is that which Arctostaphylos spp. plays in relation to 

Quercus reticulata and Q. hypoleucoides. This can be termed 

"antagonistic." It seems on cursory, observational evidence, 

that manzanita unsuccessfully competes against oaks at 

higher elevations on the south side of the Catalinas, and 

in more varied situations on the north side of the mountains. 

In this case, it is the strategies of the other, "winning," 

species which need to be elucidated. As first approxima

tions, the oaks seem to be less shade intolerant, can pro

duce a heavy canopy quickly, can assume either shrub or 

tree form irrespective of age of plant, bloom so late in 
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the year that no frost danger exists, and germinate easily 

on newly opened sites. 

It seems that to understand manzanita fully, other 

plant taxa must also be explored. But that is a pre

dictable outcome in a study dealing with one part of the 

interrelated phenomenon called life. 



CHAPTER 6 

CONCLUSIONS 

The genus Arctostaphylos is found on all sides of 

the Catalina Mountains between the elevations of 3500 ft 

and 8000 ft, or 1093 m to 2580 m. It varies greatly in 

density. The area of thickest occurrence is the southeast 

corner (1600 plants/ha). The area of extreme rarity is 

the northwest corner (1 plant/ha). Of the two defined 

species, A, pungens is found in all parts of the area 

occupied by the genus. Arctostaphylos pringlei, on the 

other hand, is restricted to the south side of the range and 

does not occupy the regions below 1562 m (5000 ft) to any 

degree. Figures 3, 40, and 41 show the distributions and 

densities delineated by the author. 

The above distribution is apparently controlled by 

temperature and moisture factors discussed by Shreve (1915), 

by capacity of roots to tap water supplies in deeply 

fractured bedrock (as described by Hibbert et al. 1974 and 

Hellmers et al. 1955), by availability of adequate sunlight 

(Davis 1972, 1973), and by presence of well-drained acidic 

soil (Everett 1964). All of these factors have been 

implicated in Arctostaphylos spp. distributions in other 

places than the Catalinas. Observations made by the author 
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indicate that these are also valid for the Catalinas. It is 

also the case, however, that some other factor, or factors, 

powerfully affects the distribution of A. pringlei, since it 

is absent from the north side of the Catalinas even where 

all the above factors are apparently favorable. This 

author has suggested three possibilities to explain this 

hiatus. One is that the missing factor is an historical 

one, i.e., there has not been sufficient time since the 

introduction of A. pringlei into the range for colonization 

of the north side to take place. Alternatively, the deeply 

shaded east side and xeric west sides may have effectively 

blocked migration around the perimeter of the range. Or, 

competition between Pringle1s manzanita and Quercus 

hypoleucoides and/or Q. reticulata may have excluded A. 

pringlei from the north side. 

An evaluation by the author of the work of Whittaker 

and Niering (1964, 1965, 1968a, 1968b) detailing the distri

bution of manzanita, showed that these authors' specific 

range and mode for the two species were not accurate enough 

to use for prediction in previously uninvestigated areas. 

Cross-sections of manzanita leaves made in this 

study reveal heavy cutin layers which appear to render 

stomates non-functional. Another peculiarity of manzanita 

established by the author is cell wall extensions which 

protrude through inter-cellular space within the leaf and 

appear to help maintain the shape of the mesophyll enclosure. 
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It is probable, based on the author's observations, 

that the stems of manzanita have significant photosyuthetic 

ability. A green pigment layer exists under the thin bark 

of twigs, and suggests the presence of chlorophyllous tissue 

there. This characteristic may be related in a compensatory 

way to the inferred decrease in photosynthetic capacity of 

older leaves as the result of cutin-caused stomatal in

activity . 

In verification of what had been reported for A. 

pungens and A. pringlei. in other areas, no root crowns are 

formed in the individuals seen in the Catalinas. 

Putative hybrids between A. pungens and A. pringlei 

have been observed in the Catalinas by the author. The 

nature and degree of cytological hybridization was not 

determined except to ascertain that polyploidy does not 

seem to be present. Morphological variation in inflores

cence shape, pigmentation, hairiness, and stature of plants 

suggest that A. pringlei genes have introgressed into a 

basically A. 'pungens stock. Correlation with insect 

pollinators, time of flowering, and elevational position of 

the "hybrids" also point to this as a probable arrangement. 

Seedlings of A. pungens in the Catalinas arise after 

either fire or other severe disturbance of the ground. In

spection of such young plants established that the root 

system in the first year exhibits both a very long tap root, 

more than twice the measurement of the shoot, and a 
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well-developed, luxuriant lateral root system just below the 

ground surface. Inferentially, the author concludes that 

the shallow roots exploit relatively light rains, and the 

longer root will assume greater importance in the deeper 

regolith when the plant is older. 

The behavior of A. pringlei following fire was not 

observed, largely because of the lack of fires in areas 

where this species is present. 

It is concluded that if seedlings are relatively 

dependent on surface water supplies, the allelopathic 

substances produced by manzanita are particularly useful at 

this stage in order to preserve soil moisture from other 

plant colonists in the disturbed ground. 

Arctostaphylos-pungens plants in the Catalinas 

exhibit a regular shape change during the process of 

maturation and aging which the author has documented photo

graphically and assigned to tentative year sequences. The 

species forms clones which take on a ring appearance due to 

death of the older, central portion and layering of periph

eral branches. Arctostaphylos pringlei assumes arbores

cent form in its aging process and exhibits prominent "bark-

striping" which eventually results in standing skeletons. 

This sequence is also documented by the author with photo

graphs. Both of thesu ontological sequences have great 

potential to illuminate both mineral cycles and the aging 

process in individual plants or shrub communities. 
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Dendrochronological study, done by the Tree-Ring 

Laboratory of The University of Arizona on behalf of the 

author's research, established that the Catalina manzanita 

can be cored and do exhibit growth rings, but they cannot be 

cross-dated. The author concluded that this situation 

exists because of the intermittent and opportunistic type 

of growth which the genus displays, which permit parts of a 

ring, or more than one ring to the produced in any given 

year. 

The times of flowering, leaf drop, leaf production, 

fruit t,et, and maturation were monitored for a two-year 

period, for both species on north and south sides of the 

mountain range. From these observations, the author pro

duced two diagrams, one for each species, against which the 

events of subsequent years may be compared. 

It was clear1y seen that flowering and fruit pro

duction are differently controlled in the two species of 

Catalina manzanita. Arctostaphylos punqens is the more 

variable in time and the more flexible in the event of 

climatic fluctuations. Arctostaphylos pringlei has a more 

predictable and less flexible mode of operation. 

A peculiarity of inflorescence formation, estab

lished by the author, is that whereas A. pringlei inflores

cences appear and produce blossoms as one apparently con

tinuous, single-season process, A. pungens inflorescences 

appear at various times of the year and may go through 
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extended periods of arrested development before producing 

blossoms, perhaps a year later. 

Observations made by the author in this study 

support the bark-striping concept of Davis (197 3) and the 

correlated unit-pipe vascular anatomy of Waisel et al. 

(1972). Any given stem or main branch of the Catalina 

manzanitas must receive adequate water through the roots and 

adequate sunlight on the leaf surface or death of the un-

supplied longitudinal strip of bark will result-

Relative to its position as member of the plant 

community, the Arctostaphylos is considered to be a member 

of the Chaparral Formation, but it is also seen as an under-

story member of oak woodland and pinyon-juniper vegetation. 

It is rarely found among the tall pine forests of the 

Catalinas. Although the two species are differentially 

distributed by elevation—that is, A. p.ungens is found in 

lower elevations than A. pringlei--over much of their range 

they coincide. Together they may account for 20-40% of 

ground cover. Closely associated with them are Bouteloua, 

Andropogon, and Muhlenbergia grasses; Agave schotti; pinyon 

pine; and evergreen oaks. Density of manzanita in two 

different elevations sampled on the southeast side of the 

mountains ranges from 220 plants/ha to 1000 plants/ha. 

Communities in which manzanita occur may vary from 

three to four stories, although the genus tolerates only 

very sparse and open overstory. A nurse plant role for 
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Arctostaphylos was well documented by the author in the 

evergreen oak zone on the south side, with the nursed plants 

varying from grasses and Liliaceous perennials to oak and 

pine trees. The two manzanita frequently grow together with 

A. pringlei as a tree, and A. pungens as a low shrub 

clustered around its base. 

In association with animals, Arctostaphylos fruits 

seem to be sought after by mammals from chipmunks to bear, 

but the foliage is little used as food source except by 

insects. Flowers are visited ii> daytime by hummingbirds, 

bees, bee-flies, and hoverflies, and beetles of the family 

Dasytidae, genus Amecocerus. 

Use of manzanita to man is seen as largely esthetic 

and recreational, although thinning of stands with intent to 

produce thicker grass for more grazing is acknowledged to be 

a prominent goal of public land managers in the state. Uses 

which remain unexploited or unacknowledged are in aviculture 

and physiological research. 

Each species is considered theoretically in this 

paper as if it were a game player, taking different "loles" 

and employing certain "strategies" to succeed in them. This 

somewhat anthropomorphic approach to understanding the 

adaptive process is introduced in order to stir research 

consideration of the perennial shrub lifestyle in a 

mountainous situation. 
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Finally, it is appropriate to answer a few questions 

of the type most frequently asked the author by those 

curious about her work: 

1. Are manzanita dependent on winter rains? By analogy 

with the California situation, one would suspect it. 

On the basis of winter rains recharging the deeper 

substrate, the answer is yes, 

2. Is manzanita dying out? Probably not. 

3. Is it gaining ground? Maybe. One interpretation of 

large numbers of young plants on north slopes of the 

southeastern corner of the Catalinas is that this is 

an expansion to previously uncolonized territory. 

4. Has fire control helped or hindered its distribu

tion? Probably there is no net effect on A. pungens 

because people make fires as well as extinguish them 

in its zone. Arctostaphylos pringlei might be ad

versely affected by control of fires in its upper 

range, since older trees would more severely shade 

shrubs, and since fire brings about manzanita 

germination. 

5. How important is its role as nurse plant? It can be 

argued that A. pungens is a dominant in a stage of 

plant succession, especially when total fire control 

is carried out. If so, Lhe answer is "very impor

tant" in bringing up species of the new sere. 
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6. Can it compete with other shrubs? Not well, if they 

grow fast and are more shade-tolerant, but phyto-

toxins emitted by manzanita may even the odds of 

survival at least for seedlings. 

7. What controls ii. 3  phenological phases? Besides an 

inner clock that may differ in the two species, 

there are the mutual triggers of temperature, 

moisture, photoperiod, and food reserves. 

8. Are these important plants to man for food or 

medicine? Not at present, but they are important 

wildlife food seasonally. 

9. How much can the canopy of manzanita be expected to 

expand in a year? In the stage when both species 

are shrub-form, 6 to 20 cm/yr, on the average. 

10. What can be said about number of species and 

putative hybrids, and is evolution occurring? 

There are two reasonably discrete species and two 

or more putative hybrids, and because of the latter 

it can be said that evolution is actively going on. 
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