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ABSTRACT

Critical factors regulating the germination and establishment of 

the saguaro cactus (Cereuo gjganteua) at Saguaro National Monument, 

Tucson, Arizona# were studied from February, 1965 to November, 1966.

The study included periodic observation of natural seedling populations, 

field germination experiments, and seedling distribution within rooky, 

rolling hill, and flat habitats in the Sonoran Desert. As a result of 

bird, mammal and insect activity, a very small percentage of seeds re

mained on the ground until suitable conditions for germination occurred. 

Germination began after the start of summer rains, in July, August and 

September. The principal growth of seedlings also took place during 

these months, with a few plants exhibiting slight growth during early 

spring months. Establishment of seedlings was limited primarily by 

frost, drought, rodents, and insects, which effected the differential 

survival associated with seedling size, microhabitat, and season. 

Initially high rates of seedling mortality dropped sharply after the 

first year, and were lowest for plants associated with microenvironments 
among rook outcrops,

A larger number of saguaro seed germinations occurred in the 

alluvial soils of the flat terrain habitats and was offset by a higher 

seedling mortality, as compared with rooky habitats where more seedlings 

survived from fewer germinations. The difference is attributed primarily 

to the effect of microhabitat upon the intensity of the operation of the 

oritioal factors.
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INTRODUCTION

The giant saguaro (Cereus glganteua. Carr»giea gjgantea Engelm.) 

Is a tall and massive columnar cactus occurring within the Sonoran Desert 

in Arizona, California, and Sonora, Ifexico. This ecologically important 

species is a common and conspicuous plant of the lower mountain slopes 

and adjoining bajadas in the vicinity of Tucson, Arizona, where, in 

association with other desert plants, it attains relatively high popula

tion densities.

The question on what factors control the germination and early 

survival of the saguaro cactus is a long-standing one that is of con

siderable ecological interest and significance. Forest Shreve (1910) 

commented on the rarity of saguaro plants less than 10 cm. (3.9 in.) in 

height, and stated a need for "A fuller knowledge of its germination and 

the behavior of its seedlings . . .  to throw light on the fall in its 

rate of establishment.,l This report, more than & half-century later, 

provides for the first time data bearing on the natural germination, 

establishment, and growth of saguaros in the Sonoran Desert.

To the National Park Service, the question bears a vital rela

tionship to the management and interpretive programs at Saguaro National 

Monument. Here, the saguaro population in the flats, which was initially 

the principal attraction of the monument, appears to be in a state of 

rapid decline (Wilder, 1940; Alcorn and May, 1962; Niering, Whittaker 

and Lowe, 1963; and Hastings and Turner, 1965) due to very few younger 

plants to replace the dying older saguaros.
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It has been the purpose of this investigation to delineate and 

describe the operation of critical factors regulating the natural ger

mination, establishment, and growth of young saguaros in their principal 

habitats at the original Saguaro National Monument, near Tucson, Arizona.



I-ETHQDS

The Study Area.— Field studies were conducted in the Cactus For

est area| lying northwest of Tanque Verde Ridge in the Rincon Mountain" 

Section of Saguaro Rational Monument# 16 miles east of Tucson# Arizona 

(Fig. 1). The study area is located in the Faloverda association. 

Southwestern Desert scrub formation (Lowe, 1964)* Observation and study 

was carried out on 16 sites offering a representative sample of saguaro 

habitats occurring between 2,800 feet and 3,200 feet elevation in this 

locality. Field work was begun in February, 1965, and continued through 

November 13, 1966.

Observation of Seedlings.— Weekly to bi-weekly observation of 

naturally established saguaro seedlings was made throughout the period of 

study. At the time of each observation, the size, color, development, 

and general appearance of each seedling was recorded, together with ob

servations of any evidence of insect, rodent, or other activity or 

condition considered relevant to the problem. Size was recorded as the 

diameter of the plant stem, measured with a standard millimeter rule 

placed horizontally on the tip of the stem, and read at a distance of 

approximately 30 on. from a point directly above the plant. Condition 

of dead seedlings was recorded, and the probable cause of death assigned 

on the basis of known prior condition of the seedling, and evidence or 

conditions found at the site.

Location of seedlings was plotted using grids and coordinates, 

and a number assigned to each for identification of individual seedlings.

3



Fig. 1. Map of the study area at Saguaro 
National Monument.

The locations of individual study sites of 
natural and experimental germination of 
saguaro seeds (1965-1966).
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and to allow observations to be separately recorded for each individual.
5

Observations were carried out with care to insure a minimum of human 

influence on the study sites. Except for two nails driven into the 

ground to establish a base line, no introduced materials were left at 

the sites between observations.

Three groups of natural seedlings were observed during the study. 

Observations of the original group of 134- seedlings was begun in Febru

ary, 1965. A second group of 26 seedlings was added to the study in 

November, 1965. A third group of 96 seedlings was added in July, August, 

and September, 1966, for a total of 256. November 13, 1966 is the last 

date for the field observations reported here.

Distribution and Microhabitat.— Three representative sites with 

natural seedling reproduction were mapped using one meter grids. All 

perennial vegetation within permanent 10 by 10 meter quadrats at these 

sites were napped using a Keuffel and Esser Wyteface measuring tape, 

mater sticks, and string. Ten by 10 meter quadrats were established at 

10 study sites with saguaro seedlings, and perennial plant species 

present in each was recorded (Table 6). A specimen of each perennial 

plant species occurring within these quadrats was collected and deposited 

in the Department of Biological Sciences Ecology Herbarium at the 

University of Arizona.

Rock, or plant species providing shade was recorded for each 

seedling (Table 7). Photographs were made of sites 1 through 10, using 

a Hassolblad 1000? camera equipped with an 80 mm. lens.

At the termination of the study, the three permanent quadrats 
(Nos. 1, 8, and 9), were marked with one-half inch steel reinforcing
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rods driven into the ground at each corner. Aluminum tags approximately 

three centimeters ty eight centimetera atacped with the site number, the 

author's initials, and the year (WPS 1966), were installed at each of 

the 16 study sites. These were attached to the trunk of a foothill 

paloverde tree (Ceroldium nicrophyllum), or an adult saguaro if no other 

trees were present, using a loop of .04 inch copper wire.

With the exception of Cereus glganteua for Carnegie a gjgantea. 

all scientific nomenclature for plants follows Arizona Flora by Kearney 

and Peebles (I960).

Experimental Seeding.— In July and August 1965, a series of 28 

quadrats (1 /2 x 2 a.) were seeded at pre-ostahLished intervals prior to, 

and during, the summer rainfall period. Quadrats were established at two 

areas with representative soil and vegetation. One set was located on 

the rocky foot slopes of the Tanque Verde Ridge, and a second set on the 

rolling hills approximately one mile north of the Monument Headquarters 
building (Pig. 1).

Paired quadrats at each site were established at approximately 

equal elevations on slopes with north and south exposures. Sites for 

Individual quadrats were selected for uniformity, and were located far 

enough from adult saguaros to effectively rule out the possibility of 

natural seeding. The long (two meter) dimension of the quadrats was 

oriented with the slope, the upper edge adjacent to the trunk of an 

adult foothill paloverde.

Seeds were broadcast within the quadrats at intervals as shown 

in Table 1. Seeded quadrats were checked dally after the first rain 

until germination occurred, then weekly thereafter. Seedlings were
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plotted and data were recorded In the same manner as for the naturally 

distributed seedlings.
The broadcast seeds were washed from fresh fruits collected In 

the Cactus Forest area In June and early July, 1965, and manually 

counted Into lots of 1,000 seeds each. Viability of seeds was confirmed 

by germinating small lots on the surface of wet sand. Seeds were 

sprinkled in pots containing saturated natural sand. Pots were then 

covered with Dow MSaran Wrap”, and placed outdoors In full shade. After 

five days, germination of four sample lots of 50, 50, 100, and 100 seeds 

averaged 73 percent (range 66-80^).

Precipitation at each site was recorded using "Tru-Cheok" plastic 

rain gauges mounted on wood stakes, one meter above the soil surface. 

Precipitation in these gauges and in the United States Forest Service 

standard gauge located at the Monument Headquarters building (Fig. 1), 

was recorded immediately following each storm.

Seeding of one mt e r  quadrats was again carried out in the summer 

of 1966, primarily to produce additional seedlings for observation. Six 

one-half by two meter quadrats were established in early July, Four of 

these were located at the two sites used during 1965, and two were located 

in the flats (Fig. 1), Quadrat orientation and site selection criteria 

were the same as those used during the previous summer. At each of the 

sites, six additional quadrats were established in late July. Quadrats 

were seeded at approximately one week intervals as shown in Table 1, A 

precipitation gauge at each site was read immediately after each storm. 

Observations at each quadrat were made following the same procedures used
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during the previous summer, except that Identifying numbers vers not 

assigned to Individual seedlings until September 25 (1966).

During the period of the field studies, several hundred seed

lings were grown under a variety of natural and experimental conditions, 

at monument residence number one, rear Monument Headquarter a, to penult 

close observation of germination and seedling development. Information 

from these observations aided interpretation of field observations.



GERMINATION

Field observations indicate that, under normal conditions, only 

a very small percentage of saguaro seeds ever reach a site where germi

nation can occurj the amount is a small fraction of 1 percent. A large 

proportion of the total seed crop is consumed by birds while the fruit 

is still on the plant. Among the conspicuous consumers of fruits were 

white-winged doves, western mourning doves, curve-billed thrashers, 

cactus wrens, Gila woodpeckers, and gilded flickers. In June, the early 

maturing fruits were virtually all consumed before dehiscence. Numbers 

of ripening fruits increased rapidly in late June and early July, as did 

the proportion of ripe fruits falling to the ground. During 1965, fruit 

maturation reached a peak on approximately July 14, and occurred approxi

mately one week earlier in 1966. After this peak, numbers of fruits 

remaining on the plants decreased rapidly, and consumption by birds 

accounted for an increasing proportion of the ripening fruits.

Fruits that reached the ground were subject to heavy predation 

by birds, mammals and insects. Among the mammal consumers were ground 

squirrels (Cltellus harrlsl and Cltellus teretlcaudua) and coyotes. In 

early summer, numerous coyote scats were found to consist almost entirely 

of saguaro seeds. Paokrat (Neotoma sp.) droppings containing saguaro 

seeds were also found. Harvester ants were particularly efficient seed 

consumers.

Summer rains play a significant role in transporting seeds to 

protected sites affording both concealment from predators and favorable

9
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conditions for germination. Relatively heavy seedfalls occur during 

rainstorms. Rains soften and dislodge seeds from ripe fruits and dried 

receptacles remaining on the plant, as well as those which become lodged 

in the branches of associated trees and shrubs. After rains, seeds were 

rarely visible on the open soil surface. They could be found in surface 

sand and gravel, directly under rocks, or trapped in litter (usually 

mud spattered) and nearly invisible; natural germination usually occurred 

in these same physical situations.

#

The number of germinations resulting from seeding experiments 

is summarized in Table 1. Two factors appear to be primarily responsible 

for the small number of germinations resulting from these broadcast ex

periments, viz., extensive removal of seeds by animals (birds, mammals, 

and insects), and insufficient moisture for seed germination.

Re-examination of experimental quadrats after seeding revealed 

that marly all exposed seeds were removed within a few hours or days 

after germination. Seed removal by both birds and ants was observed.

Only one bird species was observed removing seeds - the curve-billed 

thrasher. Tracks of Gambol1a quail found at one site indicate that this 

species may also have been active in removing seeds. The ground feed

ing habits of the cactus wren, and brown towhee make it reasonable to 

assume that these species also were active in seed removal.

Seed removal by ants was observed on numerous occasions. Three 

active species were collected and identified, Poeonomvrmex barbatua

Smith, Lasius sp. and Lentothorax sp. On August 20, Lasiua commenced 

removal of seeds within 3 minutes after seeds were broadcast at one
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Table 1. Germination in experimental quadrats.

Seeds were broadcast In lota of 1,000 per one meter quadrat. Prefixes 
indicate location (R- rooks, H- rolling bills, P- flats), and slope 
exposure (S- south, N- north),

Quadrat Date First Germination Total Germination
Observed Observed

No. Seeded Date No. No. *

Group III, 1965

RS-4 June 23 Aug. 5 8 10 1 .0

RN-2 Aug. 5 1 1 0.1

HS-4 Not obs. 1 1 0.1

HN-4 Aug. 4 1 1 0.1

RS-2 July 6 — 0 0 0.0

RN-3 — 0 0 0.0

HS-3 — 0 0 0.0

HN-1 — 0 0 0.0

RS-1 July 8 Aug. 4 6 8 0.8

RN-4 — 0 0 0.0

HS-2 Aug. 4 19 22 2.2

HN-2 Aug. 5 2 2 0.2

RS-3 July 10 0 0 0.0

RN-1 0 0 0.0

HS-1 Aug. 4 8 11 1.1

HN-3 Aug. 4 8 8 0.8

R3-5 July 15 — 0 0 0.0

RN-5 — 0 0 0.0
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Table 1 (continued)

Quadrat

No,

Date First Germination
Observed

Seeded Date No.

Total Germination 
Observed 

No. %

Group III, 1965

H3-5 Aug. 4 4 4 0.4
HN-6 Aug. 4 2 2 0 .2

RS-6 July 16 Aug. 5 4 4 0.4
RN-6 — 0 0 0.0

RS-6 Aug. 4 3 4 0.4

mi-5 Aug. 4 9 10 1.0

RS-7 July 30 — 0 0 0 .0

RIi-7 — 0 0 0.0

RS-7 0 0 0.0

mi-7 Aug. 5 8 8 0.8

Group IV, 1966

RS-2 July 16

July 24

July 30 Aug. 13 1 1 cO.Ol

RN-5 July 16

July 24 

July 30 0 0 0.00
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Table 1 (continued)

Quadrat Date First Germination Total Germination
Observed Observed

No. Seeded Date No. No. *

Group IV, 1966

RS-1 Aug. 6

Aug. 13

Aug. 20 — 0 0 0.00

RN-1 Aug. 6

Aug. 13
Aug. 20 Sept. 17 2 2 z.0.01

HS-3 July 16
July 24
July 30 Aug. 6 1

Aug. 20 Sept. 3 1 12 ^  0.01

H I H July 16

July 24

July 30 Aug. 13 1 2 ^ 0.01

HS-4 Aug. 6 Aug. 20 1 1 0.10

HN-6 Aug, 6

Aug. 13
Aug. 20 Sept. 17 3 4 ZL0.01

H3-2 Aug. 13 Sept. 17 6 6 0.60

F3-1 July 16

July 24

July 30 Aug. 30 1 7 ^  0.01
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Table 1 (continued)

Quadrat Date First Germination Total Germination
Observed Observed

No. Seeded Date No. No. %

Group IV, 1966

FK-2 July 16

July 24

July 30 Aug. 30 5

FS-3 Aug, 6

Aug. 13

Aug. 20 —  0

FN-4 Aug. 6

Aug. 13 

Aug. 20

52 0.02

0 0.00

0 0 0.00



quadrat in the flats. Within 30 minutes, these ants removed approxi

mately 30^ of the seeds. Fogonomynaax was also active at this site 

during the same period. In the rock habitat, on July 27, Pogonomvnnsx 

barbatus removed 1,000 seeds within 70 minutes after seeds were placed 

approximately 20 meters from the nest entrance.

Germination in experimental quadrats was closely associated 

with the amount and temporal distribution of rainfall during the 3 to 

5 day period immediately preceding germination (Fig. 2). Within the 

experimental quadrats, 4 days was the minimum period between initial 

wetting, and observed emergence of seedlings. With a single exception, 

seedling emergence was observed after the occurrence of two or more 

periods of precipitation within a 5 day period, with the amount of pre

cipitation ranging from 0.85 in. to 3.30 in. Only one instance of 

germination from a single storm was noted. In 1965# eight newly emerged 

seedlings were observed 3 days after receiving .79 in. of precipitation 

between 0400 and 0300 on August 2,

In view of the small percentage of germinations obtained, the 

data (Table 1) do not permit evaluation of whether conditions for germi

nation may be more favorable in flat, rolling hill, or rocky habitats.

The lack of adult saguaros on these particular sites should be considered 

in interpretation of results, since their complete absence might indi

cate that these are sub-standard sites for germination and/or survival 

of the plant; it is more likely that their absence here is not indicative 

of anything.

The variability and highly localized distribution of precipi

tation from summer storms is readily apparent from examination of

15



Fig. 2. Precipitation at experimental 
quadrat aitea.

Circles indicate dates of observed seedling 
emergence. Amounts shown for September, 1966 
are cumulative totals from daily intermittent 
rains occurring from September 11 to 15. No 
precipitation amounts less than 0,05 in. are 
plotted.
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Figure 2. During both years of the study the precipitation totals for 

July and August were greater in the flats and rolling hills than in 

the rooky habitat and, in part, explain lower germination totals in 
the latter habitat.

17



ESTABLISHMENT AND GROWTH

Following germination, the growth and development of seedlings 

in favorable situations was rapid and continuous. However, the size and 

extent of development was highly variable, and appeared to be primarily 

dependent upon the availability of moisture immediately below the soil 

surface (Table 2). Generally, seedlings in the flats were growing in 

visibly more moist micro-habitats and attained the greatest size and 

development* Under these conditions, spinas were plainly visible 10 

days after germination. One-month old plants had 4 to 3 areoles, and 

at 2 months they had 8 to 16 areoles and their stem sizes ranged from 

3 to 5 m ,  in diameter.

Plants up to 14 mm. in diameter were generally globose in form. 

However, plants growing in relatively poor light situations (in crevices 

and under rook ledges) assumed a columnar form. Under seasonal changes 

in moisture conditions, diameter was much less variable than height.

Under severe moisture stress, height of some individuals shrank to ap

proximately one-half of their diameter.

The seasonal occurrence of apical stem growth is summarized in 

Table 2. Primary apical stem growth occurs during the period of summer 

rains. New apical stem growth also occurs as early as February and March 

in which warn temperatures prevail during a period of adequate rainfall 

and resulting soil moisture. Precipitation in November, and December 

was followed by increases in seedling diameter (Fig. 3) but without 

apical growth. Apical stem growth appears to be limited during this

18
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Table 2. Apical stem growth of naturally established seedlings.

All seedlings germinated naturally during the summer of 1964. Number 
and percentage of plants in each habitat exhibiting new growth.
N - total observations, both habitats.

Among Rooks On Flats Total

Date N No. $ No. 3 No. *

1965

April 14 47 7 20.0 0 0 7 14.9
April 22 48 3 7.9 0 0 3 6.3
April 23 42 2 , 5.6 3 50.0 5 11.9
May 6 37 2 6.3 0 0 2 5.4
July 23 18 8 . 57.1 3 75.0 11 61.1

Aug. 4 18 0 0 2 50.0 2 11.1

Aug. 11 17 7 50.0 2 66.7 9 52.9
Aug. 18 17 8 57.1 0 ,0 8 47.1
Aug. 26 17 8 57.1 2 66.7 10 58.8

Sept. 9 17 4 23.6 0 0 4 23.5
Sept. 22 17 6 42.9 2 66.7 8 47.1

1966

Feb. 5 13 0 0 1 33.3 1 7.7
Mar. 5 13 0 0 1 33.3 1 7.7
Mar. 19 13 0 0 2 66.7 2 15.4
April 2 12 0 0 1 33.3 1 8.3
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Table 2 (continued)

Among Rocks On Flats Total

Date N 'Jo. % No. * No. *

1966

July 23 9 7 100.0 2 100.0 9 100.0

July 30 9 5 71.4 2 100.0 7 77.8

Aug. 13 8 6 100.0 1 50.0 7 87.5
Aug. 27 8 6 100.0 2 100.0 8 100.0

Sept. 10 8 6 100.0 2 100.0 8 100.0

Sept. 25 8 6 100.0 2 100.0 8 100.0

Oct. 9 8 6 100.0 1 50.0 7 87.5
Oct. 16 8 2 33.3 2 100.0 4 50.0

Oct. 23 8 1 16.7 0 0.0 1 12.5



Pig. 3. Mean growth of a saaple (N = 8) 
of naturally germinated saguaro seedlings 
at Saguaro National Monument, Arizona.
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early winter period by low temperatures, rather than short day-length. 

Irrigated seedlings kept at room temperature, and subjected to the 

same natural day lengths, exhibited apical growth during the shortest 

days of December.

Seedlings exhibited a rapid response to summer precipitation.

A marked increase in the turgor of plants was evident 20 hours after 

receiving 0.91 In. of precipitation from, a mid-afternoon shower on 

July 15. On July 23, these same plants had new clusters of well de

veloped apical spines. Response to relatively small amounts of precipi

tation was also observed. In the rooky habitat, water uptake by seed

lings was evident after the area recalved 0.21 in. of precipitation 

from an early evening shower on July 8, 1966. The sane seedlings 

showed no response to 0.08 In. of precipitation received three days 

earlier. These data for yearlings and two-year olds are similar to 

observations for older plants that respond by water uptake to rains In 

which 0.15 to 0.20 In, or greater is received at the ground surface 

(Shreve 1914; Hastings 1961).

Measurements that were taken within one day of the first simmer 

rain totaling .20 In. or more (Fig. 2) were used to determine the mean 

diameter of seedlings at the end of the first and second years of life. 

The mean diameter of 21 1964 seedlings surviving on July 7, 1965 was 

3.33 mm. (+ .25), range 2 to 5 mm. The m a n  diameter of 10 of these 

seedlings surviving on July 16, 1966 was 6.40 mm. (+ .34), range 5-8 mm. 

Samples include measurements from plants In both rocky and flat habitats. 

The group in the flats numbered 4 In the first year, and 3 in the second



year; of this group, 3 and 2 plants, respectively, were protected by 

cages of 1/2 In. mesh galvanized hardware cloth.

23



CRITICAL FACTORS

Most of the naturally germinated seedlings died within one year 

after germination. Sixty seven (78.8%) of the 85 yearlings In Group I 

(1964. germination) that were living on February 25» 1965 were dead by 

July 9# 1965, the start of the second year of life (Table 3). Of the 

18 plants living on July 9# 8 survived to the end of the second year, 

and 6 of these plants were alive on November 13, 1966 when the study 

was concluded. Only 10 (10.6%) of the 94 plants In Group II (1966 

germination) survived until October 2, 1966. From that date until 

November 13, no additional deaths occurred.

Comparison of seedling survival In rocky, rolling hill, and 

flat habitats is graphed In Figures 4 and 5. The 100% level for Group 

I (1964 germination) represents plants living on February 25, 1965, and 

for Group II (1966 germination) the plants germinated during 2 summer 

monthsj new individuals were added to the sample as they were found. 

Percentages for this group were derived by dividing the number of live 

plants by the cumulative number of plants in the sample at the time of 

observation.

With a single exception, survival among Group I seedlings was 

restricted to plants growing in rooky habitats. The only survivor In 

the flat habitat died at the end of the second year. Among Group II 

plants, the percentage of survival In the flats on November 13 was 

higher (13.2%) than In the rocks (7.3%). Comparison of survivorship In 
Group I and Group II plants suggests that the flats offer better
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Table 3. Survival of naturally germinated seedlings in rocky, rolling 
hill, and flat habitats; number and percentage of surviving plants.

Group I plants germinated summer, 1964, Group II plants germinated 
summer, 1966.

Date Rocks Hills Flats Total

No. $ No,, % No. % No. %

Group I

Feb. 25 41 100 6 100 33 100 85 100

Mar. 11 41 100 4 66.7 38 100 83 97.6

Mar, 18 41 100 3 50.0 37 97.4 81 95.3
Mar. 25 41 100 3 50.0 34 89.5 78 91.8

April 1 41 100 3 50.0 , 15 39.5 59 69.4
April 8 41 100 2 33.3 9 23.7 52 61.2

April 15 41 100 1 16.7 9 23.7 51 60.0

April 22 39 95.1 1 16.7 7 18.4 47 55;3
April 29 37 90.2 1 16.7 3 7.9 41 48.2

May 6 33 80.5 1 16.7 2 5.3 36 42.4
May 13 31 75.6 1 16.7 2 5.3 34 40.0

May 27 28 68.3 1 16.7 2 5.3 31 36.5
June 3 28 68.3 1 16.7 1 2.6 30 35.3
June 10 27 65.8 1 16.7 1 2.6 29 34.1
June 17 27 65.8 0 0.0 1 2.6 28 32.9
Juno 24 18 43.9 1 2.6 19 22.4
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Table 3 (continued)

Date Rooks Kills Flats Total

No, % No. % No. No. *

Group I

1965

July 1 17 41.4 1 2.6 18 21.2

July 15 16 39.0 1 2.6 17 20.0

July 29 15 36.6 1 2.6 16 18.8

Nor. 17 H 34.1 1 2.6 15 17.6

Dec. 17 13 31.7 1 2.6 14 16.5

12£6 

Jan, 2 10 24.4 1 2.6 11 12.9
Feb. 5 9 22.0 1 2.6 10 11.8

Mar. 19 8 19.5 1 2.6 9 10.6

July 9 7 17.1 1 2.6 8 9.4
July 30 7 17.1 0 oo

7 8.2

Aug. 6 6 14.6 0 0.0 6 7.1
Nor. 13 6 14.6 0 0.0 6 7.1

Group H

1966

July 30 18 90.0 18 100 36 94.7
Aug. 6 15 60.0 18 85.7 33 71.7
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Table 3 (continued)

Date Rocks Hills Flats Total

No, % No. % No. % No. %

Group II

Aug. 13 11 35.5
Aug. 20 9 26.5
Aug. 27 7 20.6

Sept. 3 8 21.1

Sept, 10 7 18.4
Sept. 17 7 17.1
Sept. 25 5 12.2

Oct. 2 3 7.3

Nov. 13 3 7.3

29 87.9 40 62.5

34 81.0 43 56.6

18 41.9 25 32.5

5 11.4 13 15.9

5 10.9 12 14.3
11 21.2 18 19.4
7 13.2 12 12.8

7 13.2 10 10.6

7 13.2 10 10.6



Fig. 4. Survival of naturally germinated 
1964 seedlings in rocky (•), rolling hill 
(x), and flat habitats (*).
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Fig. 5. Survival of naturally germinated 
1965 seedlings in rooky and flat habitats.
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conditions for initial establishment, while the rooky habitat offers 

more favorable conditions for survival during winter and spring months. 

Establishment on north-facing slopes was not observed.

A seasonal pattern of mortality is evident (Tables 3 and $,

Fig. 4 and 5). Further, comparison of Figures 4 and 5 shows that 

Group I seedlings (two-year olds) were virtually unaffected by condi

tions during July, August, and September, that were critical to recently 

germinated Group II yearlings. The fore-summer dry period from March 

25 to July 8, 1965 claimed 70.6% (60 plants) of the 1964 yearling seed

ling group; seven (38.9^) of these 18 first year survivors died during 

the subsequent cold months between November 3, 1965 and March 19, 1966.

Seasonal operation of critical factors suggested by slope 

changes in Figures 4 and 5 are identified with causual factors in Table 

5. Using the four vegetative seasons of D. T. MaoDougal (1908), it 

can be seen that operation of individual factors is associated with a 

specific season; arid fore-summer (April to June), humid mid-summer (July 

to September), arid after-summer (October and November), and winter months 

(December to March).

Factors responsible for seedling deaths exhibited differential 

operation in rooky, and flat habitats (Table 4). Biotic factors ac

counted for only 26.0% (19 plants) of all seedling deaths in the rocky 

habitat, as compared with 54.8£ (46 plants) of seedling deaths in the 

flats. In both habitats, climatic factors accounted for the greatest 

proportion of deaths among plants less than 4 months old (Group II),

78.9/5 in the rocky habitat, and 52.2% in the flats. Among older 
(Group I) plants, however, biotic factors accounted for 63.2% (24 plants)



Table 4* Comparison of causes of seedling mortality in rocky, rolling 
hill and flat habitats.

Deaths grouped tgr periods and age class: Group la (1964 germination), 
Feb. 25 to July 9# 1965? Group lb (1964 germination), July 9, 1965 to 
Nov. 13, 1966; Group II (1966 germination), July 20 to Nov. 13, 1966
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Seedling Deaths

Cause Rode Hills Flats Total

No, % No. % No. % No. %

Group la (N = 85) February-July 1965

Erosion 0 0 1 16.7 0 0 1 1.2

Drought 16 39.0 1 16.7 6 15.8 23 27.1
Frost 0 0 4 66.7 7 18.4 11 12.9

Total Climatic 16 39.0 6 100 13 34.2 35 41.2

Insect 4 9.8 0 0 21 55.3 25 29.4
Rodent, uprooted 3 7.3 0 0 3 7.9 6 7.1
Rodent, eaten 1 2.4 0 0 0 0 1 1.2

Total Biotic 8 19.5 0 0 24 63.2 32 37.6

Total Dead 24 58.5 6 100 37 97.4 67 78.8

Living 17 41.5 0 0 1 2.6 18 21.2

Group Ib(N = 18) July 1965-Nbvenber 1966

Erosion 4 23.5 1 100 5 27.8

Drought 4 23.5 4 22.2

Total Climatic 8 47.1 1 100 9 50.0

Insect 2 11.8 2 11.1



32

Table 4 (continued)

Seedling Deaths

Cause Rook Hills Flats Total

No. % So. % No. % No. %

Group lb (N = 18) July 1965-November 1966

Rodent, eaten 1 5.9 1 5.6

Total Biotio 3 17.6 0 0 3 16.7
Total Dead 11 64.7 1 100 12 66.7
Living 6 35.3 0 0 6 33.3

Group II (N x 94) July-November 1966

Erosion 5 12.2 1 1.9 6 6.4
Drought 25 61.0 23 43.4 48 51.1

Total Climatic 30 73.2 24 45.3 54 57.4
Insect 2 4.9 1 1.9 3 3.2

Rodent, uprooted 5 12.2 19 35.9 24 25.5
Slims mold 2 3.8 2 2.1

Bird, uprooted 1 2.4 1 1.1

Total Biotic 8 19.5 22 41.5 30 31.9
Total Dead 38 92.7 46 86.8 84 89.4
Living 3 7.3 7 13.2 10 10.6



Table 5* Temporal relationships of the oausual factors of seedling 
mortality.

Deaths are number occurring since previous date. Oausual factors are: 
Frost (Fr), drought (Dr), erosion (Er), insects (le), rodent digging 
(Ru), and other (Ot, includes rodent consumption, bird removal, and 
slime mold).
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Seedling Deaths

Climatic Biotic
Factors Factors

Date N Er * Dr * Fr % le % Ru % Oc %

Group I

1265
Fab. 25 85
Mar. 25 85 6 7.1 1 1.2

April 22 78 1 1.3 5 6.4 22 28.2 3 3.8

May 20 47 12 25.5 1 2.1

June 17 34 5 14.7 1 2.9

July 15 23 1 3.6 6 21.4 3 10.7 1 3.7

Nov. 17 17 2 11.8

1266
Mar. 19 15 2 13.3 1 6.7 2 13.3 1 6.7
July 16 9 1 U . l
Nov. 13 8 2 25.0

Total 85 6 7.1 27 31.8 11 12.9 27 31.8 6 7.6 2 2.4
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Table 5 (continued)

Seedling Deaths

Climatic
Factors

Biotic
Factors

Date N Er * Dr % ?r % le * Ru % ot %

Group II

July 30 37 1 2.7 1 2.7
Aug. 27 75 2 2.7 35 46.7 1 1.3 10 33.3 2 2.7
Sept. 25 42 4 9.5 11 26.2 1 2.4 14 33.3
Nov. 13 12 2 16.7

48 51.1Total 94 6 6.4 3 3.2 24 25.5 3 3.2
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of all deaths occurring in the flats sample, while climatic factors 

were responsible for 68.6% (24 plants) of deaths in the rooky habitat. 

Comparison of individual causes of seedling mortality and their rela

tive effect on populations in rocky and flat habitats indicates that, 

with the exception of frost kill, the difference in the seedling sur

vival in these two habitats is attributable primarily to factor intens

ity and duration, rather than kind; there was no frost kill in rock 

microenvironments •

Biotic Factors

Biotic agents destroyed a total of 65 seedlings (Table 4)• Of 

this number, 32 plants (49*2%) were destroyed by rodents, and insects 

killed 30 plants (46.2%). Birds uprooted one newly emerged seedling, 

and 2 seedlings disintegrated shortly after emergence.

Rodent consumption accounted for the death of only 2 plants. 

Thirty seedling deaths occurred as a result of ground squirrel digging 

activity, and most plants so killed were found uprooted but not eaten. 

Citellus tereticaudus. abundant in the flats, and Cltellus harrisi. 

abundant in the rocks, were both active in the rolling hill habitat. 

Generally, digging was most intense under trees, and young plants lack

ing physical protection were especially vulnerable to this activity.

Insect-caused seedling mortality occurred in all age groups and 

habitats (Table 4). Although deaths occurred during all seasons, 

heaviest predation took place during brief periods in the early spring, 

and again in June 1965. Turner e£ a&. (1966) reported heavy seedling
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losses caused by larvae of the weevil, Geretaeckeria turbida (Leo,). 

Observations by the author indicate that the larvae of the common cow 

pea weevil, Calloaobruchus maculatua (Fabrious) is also an efficient 

consumer of saguaro seedlings, as well as senlta (Cereus aehottl) and 

organpipe (Cereua thurberl) seedlings. In 72 hours, a single larva, 

feeding upon a mixed population of cultivated seedlings of these three 

species, consumed all of the fleshy above-ground portions of 28 plants, 

and parts of 6 additional plants. Of the 28 plants completely destroyed, 

A saguaro and 6 organpipe seedlings were 10 day old plants still in the 

cotyledon stage, and 18 were 9 week old plants with well developed 

stems 4 to 6 mm. in diameter. By species, the complete meal consisted 

of all the succulent portion of 13 senlta, 6 organpipe, and 9 saguaro 

seedlings, plus portions of 5 other organpipe and 1 other saguaro 
seedlings.

Climatic Factors

Three factors, drought, erosion, and frost accounted for all 

seedling deaths from climatic causes. Among first year plants, drought 

claimed 79.8% (71 plants) of all climatically caused seedling deaths. 

Frost killed 12.4% (11 plants), and the remaining 7.9% (7 plants) died 

from erosions! effects.

Differences in exposure, slope, soil, and topography are re

flected in the relative effect of each of the climatic factors in the 

three types of habitat studied (Table 4). Most deaths from erosion 

(washouts and burials) occurred in rooky and rolling hill habitats
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where the topographic gradienta are steeper. Frost kill, following 

snow fall and low minimum temperatures during the week of February 7, 

1965# occurred In rolling hill and flat habitats. It is significant 

that plants In the rooky habitat, at a higher elevation, were not 

similarly affected. Some deaths from this cause undoubtedly were not 

recorded since plants dead at the time of discovery were not Included 

in the study. March and April deaths iron this cause, shown In Table 

5, reflect final response to Injuries received in February and early 
March.

The high proportion of climatic kill In the rooky habitat, as 

compared with rolling hill and flat habitats (Table 4), resulted pri

marily from the greater incidence of death from drought, and must, 

ultimately, be linked with physical differences in the soil in these 

habitats. The thin granitic soils occurring in the sloping rooky habi

tat are coarse textured, as compared with the finer textured alluvial 

soils occurring in the flats, and therefore, retain less plant-available 

moisture in the critical 1 cm, surface layer of soil in which seedlings 

are rooted. The weak, shallow root systems, and the lack of capacity 

to store water is reflected in the high percentage of drought-kill of 

Group II plants during the period of summer rains. Newly germinated 

plants growing on exposed sites in most instances did not survive more 

than one rainless week.

In both groups, drought tolerance was greatest in larger indi

viduals and, with the exception of a single plant growing under a large 

rook, no Group I plant less than 3 mm. in diameter survived the arid



fore-suraer, into July of 196$# Weak plants able to survive the arid 

after-summer, it appears, are eliminated by the more severe moisture- 

temperature conditions that occur during the arid fore—summer.
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DISTRIBUTION IN THE IftCRCENraONMEMF

During its first years of life, the young saguaro lives in a 

severe microenvironment with its roots in the top 1 centimeter of the 

soil, and its stem in the lowest 1 centimeter of the atmosphere. It 

grows in essentially bare soil, further adding to the extremes of 

temperature and drought that m a t  be endured (see Geiger, 1965). It 

is to be expected, therefore, that any factor which tends to modify 

these microenvironmental extremes will have a profound effect upon the 

survival of the young plant.

The distribution of saguaros of varying ages, and associated 

plant species in a typical rocky habitat is shown in Figure 6. With 

the exception of Aristlda adscenalonla. only perennial species are 

shewn. The 12 saguaros growing within this 10-meter square quadrat 

ranged in height from 1 cm. to 10 m. and 8 of these were less than 25 

cm. tall. The spatial relationship of the saguaro plants to rooks, as 

indicated by the zipatone background (Fig. 6) is of particular interest. 

Eleven of the 12 plants are situated in or on rook out-crops of gneiss. 

The one remaining plant is rooted in a thin layer of soil overlying the 

same outcrop. Only 3 plants# on the other hand, are associated with 

shading trees. In the flats where no rook outcrops occur, seedlings 

are associated only with plants or litter. Seedlings are found, however, 

in the occasional rook outcrops occurring in rolling hill habitats. 

Perennial plant species present in ten 10 m. square quadrats 

containing naturally germinated saguaro seedlings Is shewn in Table 6.
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Fig, 6. Map of perennial vegetation in 
rooky habitat, permanent quadrat No. 9.
(In map pocket)

Exposure is south-facing (185° T), slope 15^, 
Species abbreviations are given in Table 6, 
Squares are Individual saguaros (N = 12). 
Large and small dots are stems of other 
species, enclosed by outlines of the crown 
coverages of each.



Ona annual grass species, Arlstlda ^daeanBlnn^^r is also included. Of 

the 53 plant species recorded, only the saguaro occurred in all 10 

quadrats. Ten species, including 3 grasses were common to all 3 habi

tats, Twelve species found in the flats, and rolling hill quadrats 

did not occur in the rooky habitat, and 23 species present in the 

latter habitat were absent from the quadrats in the flats and rolling 

hills, indicating basic ecological differences in the habitats. The 

greater number of species present in rook quadrats (mean 22.0) as com

pared to hill and flats quadrats (mean 15.2), further suggests the 

existence of more varied microhabitats within the rocky habitat. Con

clusions based on these comparisons are tentative in this on-going 

phase of the work of sampling plant density, coverage, and distribution 

in quadrats in these three major habitat types.

The shade association of 177 plants 3 to 10 mm. in diameter is 

shown in Table 7. Only plants or objects providing some shade during 

the period from 3 hours prior to the zenith to 3 hours after the zenith 

were recorded. One hundred and seventy three seedlings received shade 

from other plants, 4 were shaded only by rocks, and no plants occurred 

in unshaded locations. Among the 15 shade plant species observed, 

Ceroidium nlcrophyllum (113 plants shaded) and Encella faringsa (46 

plants shaded) occurred most frequently as the shade plant at the top 

(above one ra.) and intermediate (10 to 100 cm.) levels, respectively. 

The frequency with which these two species appear as shade plants is 

an approximate indication of their abundance and cover within the 

study area.
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The number of speeiea observed suggests that association with 

other plants is not linked to any particular species, but rather to the 

shade-producing physical characteristics of the associated plants. A 

major proportion of the seedlings (83.6%) received shade from more than 

one level, and 152 seedlings (85.9J0 were associated with a shade- 

producing object at the ground level. At ground level, 25 seedlings 

(14.1%) had no immediate cover, 34 seedlings (19.2%) were shaded by 

limbs, twigs and other organic litter, 44 seedlings (24.9%) occurred 

under low plants, and 77 seedlings (43.5%) were protected by stones or 

rook outcrops.

In addition to a beneficial reduction of high temperatures at 

the soil surface, and extension of periods of favorable soil moisture 

conditions (Shreve, 1914), seedling association with shade plants or 

objects offers concealment and physical protection from rodents. Seed

lings growing in close association with other plants, or rocks are also 

less susceptible to frost injury (Niering, et al.f 1963). Fifteen of 

the 18 Group I seedlings surviving to the end of the first year (Table 3) 

were growing in close association with rocks. At the end of the study 

(Nov. 13, 1966), the only survivors of this group were 6 individuals 

growing in fractured rock, without the benefit of any protecting tree 

or shrub. In the flats, a combination of abundant shade sources and 

fine textured soil results in a microenvironment favorable for the pro

duction of relatively large numbers of seedlings, which have an extremely 

low rate of survival. The rocky habitat, however, with coarse textured 

soil, and relatively poor tree and shrub cover, provides fewer suitable



sites for germination, but seedlings which do occur in close associa

tion with rocks have a vastly better chance for survival through the 
first and second years of life.
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Table 6, Species presence, quadrats one through tan* 

nxu denotes presence.

Quadrat

Species Symbol Flats Hills Rooks

_________________ 2_2_£__1
Albutilon sp, A1

Acacia oonstriota Acoo x x

Acacia greggl Aogr x x
Anlsioanthus thurberi Anth x

Aplppflppq? laricifolius Apia

Mg.PftPpqg spinulosis 
Anlopappua tamiismatua 

Aristida adacenaionis 

Arlstlda temines 

Avenia puailla 

Bahia

Bmllmva multlradiata 

Brickellla coulter! 

Cassia covesi 

M l i a M r S  mrlgphyllq, 

Cercidium aicrophyllum 

Gereus gjganteus 

Celtis pallida 

Condalla Ivciodes 

M f i &  sp.

Apsp X
Apte X
Arad X X X X
Arte X X X
Ayptt

Baab

B a m X X
Brco X
Caco

Caer

Cesi X X X
Cegi X X X X
Cepe X

Coly X X
Da

1 A 5 6 9 10
X X
X X X X

X X X

X
X X

X X X X
X X

X X
X

X

X X 
X X 

X
X X 

X

X X 
X X X  

X X
X X X X
X X X X

X X X
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Table 6 (continued)

Species

Quadrat

Symbol Flats Hills 

_________ 2 7 8 1 3 L

Rocks

4 6 9 10

Ditaxis neomaxicana Dine

Echlnooereua fandlerl Ecfe

Encelia far inn hr Enfa

Ephedra trifuroa Eptr

Erieonua vrlghti Erwr

Euphorbia mal Euns

Ferocaotua wiallzeni Few!

Fouauleria aplendana Foap

Franseria confertlfolla Free

Gutierrazia aarothrae Gusa

Heteropogon contortus Heco

Hvptia emoryi Hyea

Jatrodha cardicmhylla Jaoa

Jy.nna^« eraoills Jagr

Larrea tridentata Latr

Lyaium berlsndleri Lybe

Mmmi 

Ms so 

Mupo 

No 

Opar

Menodora scabra 

Mublenbergia norterl 

Notholaena sp. 

Oountia arbuacula

x

x

X
X
X

X
X

X X X X X X

X X X
X X X X X X

X X  X
X X X

X
X X X X X
X X X X X

X X X X X
X X X X X X

X X
X X X

X X

X
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Table 6 (continued)

Quadrat

Specie# Symbol Flats Hills Rooks
2 7 8 1 2 4 5 6 9 10

Qpuntla blnelovi Opbi X . X
Ommtia englemaimi Open X X X X X
Oountia nhaeaoantha Opph X X
Oountia veraieolor Opve X X X
Pellaea lonarimueromta Palo X
Phoradendron

californicum Phoa x

Eorophyllum eraoile Pogr X X X X X X X X
Prosocia iuliflora 
var. yelutina Prju % X X X X X

Psilostronhe ooonerl Pace % X
Sinnaondaia chinensis Sich X X X X
Tridens nulchellus Trpu x X X X X X X X
Trixis califomica Troa X X X
Zinnia numiln Zipu x X X X

Total 53 17 12 15 17 14 20 16 27 29 26
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Table 7. Shade association of seedlings.

Plant or rook providing shade cover for 177 naturally germinated 
saguaro seedlings 3 to 10 nra. diameter.

Shade plant(a) or object at 

Above 1-Meter 10 on. to 100 on.
Ho. of

0 to 10 on. Seedlings

Ceroldlum miornnhvllmq Encella farinose litter 1

rook 6

none 5

Encella farlnosa- rook 5
Brickellla coultarl

rook - root 1

Franaeria
oonfertlfolla

Porophvllum graolle
none

Franserla
oonfertlfolla 5

litter 3

Aristide
adsoensionls 1

Franserla
oonfertlfolla 4

Muhlenbergla
norteri 6

litter 23

rook 6
Ceroldlum ralftronhvllnre- Brlak̂ llla coulter! rook 2
Cereus glganteus

none 2

Encella farlnosa rock 7

none 5

Lyolua berlandlerl rook 1



47
Table 7 (continued)

Shade plant(s) or object at 

Above 1-Meter 10 cm, to 100 cm.
No. of

0 to 10 cm. Seedlings

none

Cercldlum ml fponhvllunf- Encella farinosa 
Lvolum berlandlerl

Cereus giganteue

Cereua glganteua- 
Lvclum berlandlerl

Prosonls lultflora 
var. valuttna.

Encella farinosa

Encella farlnosa- 
Lyclum berlandlerl

Lvolum berlandlerl

Fouauleria snlendena

Poronhyllua araoile- 
Jarpml^ gradlls

none

Encella farinosa 

Encella farinosa

Muhlenbergla rorterl

litter 5

rode 15

rock - root 1

none 5

none 1

Euphorbia
melanadenla 1

rode 1
rock 1

Zinnia oumlla 5
rock 2

none 1

rook 15

Aristlda
adsoenalonla 1 

litter 1

rode 1

none 3

Muhlenbergla
porter! 3



Table 7 (continued)

Above

none

Shade plant(a) or object at 

.-Meter 10 cm. to 100 cm, 0 to 10 cm.
No. of 

Seedlings

Ceroldiua
rode 2

none 1

Encolla farinosa Ar1stIda
adscenslonis 1

rock 4
none 1

Enoolia farinosa— 
Acacia constricts

litter 1

none 1

none Eurhorbia
zoelanadenl^ 14

melanadenia 3
rook 4

Total 177



SUMMARY AMD CONCLUSIONS

Studies of the microenvironmental distribution, germination, 

establishment and growth of saguaro seedlings were conducted in the 

Rincon Mountain section of Saguaro National Monument, located 15 miles 

east of Tucson, Arizona, in the Sonoran Desert.

The rate of seedling mortality, which decreases with time and 

seedling development, was analyzed for three major habitat types in 

the Monument.

During the first years of life, seedlings are subject to a 

succession of critical factors which become limiting at specific sea

sons and stages of seedling development. Drought, frost, erosion, and 

animal pressure are identified as critical factors for seedlings.

Seedlings occur in dose association with other plants, and 

with physical feature a— notably rock, and slope exposure — whi eh moder

ate the microenvironment at the soil surface.

Seed germination takes place after the start of summer rains, 

usually in early July, Germination occurs throughout July, August 

and September, the period of warm summer rains.

The primary period of apical stem growth coincides with the 

summer rains. Under favorable conditions of moisture and temperature, 

growth of naturally established seedlings occurs during late winter 

and early spring.
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