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ABSTRACT

Pima pineapple cactus (Coryphantha scheeri var. robustispina) (PPC) is listed as
endangered by the US Fish and Wildlife Service. This taxon occurs south of Tucson,
Arizona and Sonora, Mexico. Knowledge of this plant's distribution, growth, and
reproduction is important for management. Research has documented reduced plant
vigor and lack of reproduction within Lehmann lovegrass stands. PPC density and
seedling presence were described at five sites in two different vegetation types. Field
observations of 72 plants at five sites were monitored from fall 1993 through summer
of 95 and shadehouse studies were conducted. This research resulted in five
conclusions: 1) fire-induced mortality of PPC may be related to Lehmann lovegrass, 2)
PPC grows vegetatively in the spring, 3) flower buds are initiated in May and open
after a few summer rains, 4) seed germination follows several summer rains, and 5)

cross-pollination produces significantly more PPC seeds than self-pollination.




INTRODUCTION

Pima pineapple cactus (Coryphantha scheeri Kuntze var. robustispina Schott)
(hereafter, PPC) is a low growing hemispherical cactus with finger-like projections called
tubercles extending outward from the stem (Fig. 1). At the tip ~f each tubercle is a rosette
of 10-15 straw-colored spines with 1 central, hooked spine. Older, more mature spines
fade to black or gray. Tubercles are 2 - 3 cm long and grooved along upper surfaces on
adult plants (Benson 1969). Plants can be either single- or multiple-stemmed and they
produce brilliant yellow flowers (Fig. 2).

Populations are known to occur, in southern Arizona, south of Tucson in the Altar
and Santa Cruz valleys and adjacent northern Sonora, Mexico, at elevations ranging from
720 to 1440 m (Phillips et al. 1981, Ecosphere Environmental Services, Inc. 1992) (Fig.
3). PPC are found in open patches within the semi-desert grasslands and Sonoran desert-
scrub plant communities (Brown 1982). They occupy the flat (<10%) alluvial bajadas that
are primarily comprised of granitic parent material. Soil descriptions are quite variable,
however most reports characterize them as sandy, silty loams with gravel and little rock or
clay components (Benson 1969, Phillips et al. 1981, Mills 1991, Ecosphere Environmental
Services, Inc. 1992, Tolley 1992, U.S. Department of Interior 1993). PPC appear to be
most abundant within the ecotonal boundary between the grassland and desert scrub

regions (Roller and Halvorson in press).
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Fig. 1. Pima pineapple cactus Coryphantha scheeri var. robustispina, X 1. 2, except
as indicated. 1, Plant in flower, X .7. 2,3,4,5 Tubercles with areoles, rosette of
spines and central hooked spine, Flower in longitudinal section, Fruit, Fruit in
longitudinal section X 1.1. 7, Seed, X 13.2 (Benson 1982).
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Pima Pineapple Cactus

Fig. 2. Pima pineapple cactus (Coryphantha scheeri var. robustispina) as it blooms a
group of bright yellow flowers. This photo was taken at Buenos Aires National Wildlife
Refuge in southern Arizona (P. Roller).
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In October 1993, PPC was listed as a federally endangered plant (U.S. Department

of Interior 1993). The reasons listed in the federal register for its endangered status were:
urbanization, fire, grazing and illegal collection. However, knowledge of this taxon was
limited to plant taxonomy and general distribution. Basic life history and ecological
information on PPC was minimal and consisted of anecdotal observations. The objective
of this study was to gain perspective of PPC basic life history and current distribution. I
studied three general topics: basic distribution, growth, and reproduction, and used
information from these studies to hypothesize ecological relationships and recommend
future research and management activities. For the conservation of PPC it is important to
evaluate ecological and applied questions with substantial reliability. Describing life
history patterns and then developing hypotheses applicable to distribution should be used
to initiate future research and management.

Pima pineapple cactus is found on lands where the management of particular
populations may be affected by fire and human activities. For example, extensive
residential development in Green Valley, Arizona is fragmenting PPC habitat. On these
private lands, 473 plants have been relocated from their native environments into ex-situ
conservation facilities and over 174 hectares of habitat has been lost in the past two years.

section 7 of the endangered species act (ESA) does not authorize federal action to
regulate activity effecting plants or habitat located on private lands unless the land owner
receives federal funding, permitting, or consultation for land management practices (US

Department of Interior 1994). Arizona Native Plant Law, Arizona Revised Statutes,
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Chapter #7 does not prohibit development on private lands if the landowner attempts to

salvage and replant or re-locate highly safeguarded plant species for educational or
scientific purposes.

To sustain human demands in the Sonoran desert, the Bureau of Reclamation is
planning to extend the Central Arizona Project by creating a 6070.5 hectare-foot
reservoir, called Tucson Aqueduct Reservoir Site (TARSI). It will serve as a storage
facility and as a source for recharging depleted ground water or a source to directly supply
city water users. Land adjacent to the reservoir site is zoned for residential and
recreational use (USFWS 1994).

The TARSI project is, however a federal action and section 7 consultation of the
ESA will recommend the salvage and relocation of individual plants to a suitable habitat
purchased through mitigation by the Bureau of Reclamation (BOR) for refugium purposes
(USFWS 1994). Here again, habitat will be divided and reduced, and some individual
plants may die during salvage and re-location activities. Considering dramatic changes
associated with urbanization on private lands within portions of PPC habitat, managers of
federally regulated lands have an even greater responsibility towards PPC conservation.

Fire is used as a tool by many state and federal land management agencies to
reduce fuel loading. Other objectives are to restore native grasses and forbs and reduce
woody shrubs and exotic grasses. Information regarding fire associations with historical
vegetation change and its effectiveness in meeting these state and federal objectives has

been documented primarily in grasslands by: Cable (1971, 1973), Bahre (1985, 1991),
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Sumrall et al. (1991), Anable et al. (1992), Bock and Bock (1992), McClaran and Van

Devender (1995) and McPherson (1995). Agencies responsible for fire management are
also responsible for the management of this rare and endangered plant.

Given the above, PPC in-situ conservation may rely upon managing fire and
urbanization effects within an ecotonal boundary between the Sonoran desert scrub and
semi-desert grasslands. Research conducted by Roller and Halvorson (in press)
demonstrated patterns of vegetation, fire history and PPC health at five sites located
throughout the plant’s range. They described two community types: 1) a patchy
community codominated by Lehmann lovegrass, snakeweed (Gutierrizia microcephela)
and tall herbs--(Lehmann lovegrass Grassland); 2) a mid-sized (Ht < 2.5 m) mesquite
shrubland community with Prosopis velutina, bush muhly grass (Muhlenbergia porteri),
desert zinnia (Zinnia acerosa) with scattered creosote (Larrea tridentata) and succulents-
-(Mid-sized Mesquite Shrubland). Generally, PPC vigor was found to decrease in the first
community type characterized by higher fire frequencies, and with continuous stands of
Lehmann lovegrass. For purposes of creating reliable hypotheses to guide future research,
my first objective was to document PPC’s distribution within these two plant
communities.

The effects of fire in semi-desert grasslands characterized as continuos stands of
Lehmann lovegrass (Eragrostis lehmanniana) has been documented. The introduction
and spread of non-native Lehmann lovegrass has the potential to alter historical fire

regimes (Ruyle et al. 1988, Cox et al. 1990, Sumrall et al. 1991, Anable et al. 1992,
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McPherson 1995). Lehmann lovegrass was introduced in 1932 to revegetate areas with a

species resistant to drought and grazing, and which would control erosion (Cable 1971).
This grass has increased its abundance to cover nearly 200,000 ha (Cox and Ruyle 1986).

Work has also been done on the effects of fire in Sonoran desert scrub (Bunting et
al. 1980, McLaughlin and Bowers 1982, Rogers 1985, Thomas and Goodson 1992).
McLaughlin and Bowers (1982) found Sonoran desert communities to burn when there
was a build up of substantial amounts of surface fuels. Adequate fuels were produced by a
couple of seasons of above-average precipitation followed by a year of below-average
precipitation.

A general study on the effects of fire on cacti illuminated two mechanisms by
which various Sonoran Desert cactus species survive: occupying refugial habitats or
resprouting (Thomas and Goodson 1992). McLaughlin and Bowers (1982) also found
that fire-related mortality of saguaros (Carnegiea gigantea) decreased, and seed viability
and production increased, with increasing plant height and biomass. If apical meristematic
tissue is destroyed in saguaros or barrel cactus (Ferocactus wislizenii) they have no
mechanism to recover from fire (Steenberg and Lowe 1977, Bunting et al. 1980, Rogers
1985, Johnson et al. 1993). Death of cacti may not occur for 2-4 years after a burn.
During such periods cacti apparently live on stored reserves (Bunting et al. 1980).

Lower-growing species were found to survive by occupying refugial areas, apical
resprouting, or producing basal offsets when burned in dense grasslands or under volatile

shrubs (Thomas and Goodson 1992). Apical resprouting decreases on plants in areas with
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greater woody biomass near the stem apex after a burn. Some cactus species survive fire

by producing basal offsets when the apical meristematic tissue at the stem apex is
destroyed (Thomas and Goodson 1992). As a grassland/desert scrub associated cactus,
PPC may have evolved mechanisms to tolerate fire by resprouting or avoiding fires by
occupying refugial areas where biomass or fuel loading are less.

Consequently, specific information regarding size, growth rates, and phenology of
PPC are important. The second objective was to document changes in plant shape and
growth rates on two temporal scales, seasonal and annual. Two types of plant growth
related to basic life history stages were documented, seedling and adult. Understanding
basic growth changes over time may help define how PPC functions within its
microhabitat.

The third objective was to describe patterns of reproductive biology: reproductive
growth rates and phenological patterns were studied across five different sites and many
plant sizes, changes in reproductive growth rates and phenological patterns. I described
the relationship between plant size and productivity. Evaluating demographical
information of plant size with reproductive output within a population can be inferred
from this type of correlative information and mechanistic explanations may help define the
relationships. Rates of recruitment and population stability may be further understood
using this information.

Phenological patterns of six life stages which are components of reproduction were

described and biological processes influencing reproductive success were determined. The
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six life stages observed were: 1) flower bud initiation, 2) flower bud elongation, 3)

anthesis, 4) pollination, 5) fruit maturation and dispersal, and 6) germination.

A pollination experiment was conducted to determine if PPC requires cross
pollination for reproductive success. Pollination ecology is an integral component of the
PPC reproductive process and understanding how pollinator interactions may limit
successful reproduction is important. Certain plant species have the ability to self pollinate
and produce viable seed to allow for recruitment at the germination stage of PPC
reproduction. Other species will only produce seed via cross pollinations (Faegri and Pijl
1971).

Autecological experiments regarding seed biology were conducted in a laboratory
to determine physiological processes which may limit reproductive success. Seed
dormancy, viability and longevity were examined and addressed how PPC seed
germination was influenced by manipulating three essential resources: light, water, and
temperature.

Recruitment of new individuals into existing PPC populations relies upon
successful production of reproductive structures, pollination, fruit and seed production,
germination and establishment. Understanding reproductive life history stages of PPC is
thus critically important to future research. These phenological patterns and physiological
processes may help initiate or evaluate future field studies which use an experimental
approach. The conservation of this endangered species is dependent upon demographical

information for the prediction of population dynamics.
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Literature involving other Sonoran Desert cacti has documented certain life history

stages as being coincident with abundant summer precipitation events (Parker 1977,
Steenbergh and Lowe 1977, Jordan and Nobel 1981). Saguaro and organ pipe
(Lemaireocereus thurberi) bloom in the early, dry period of summer; seed dispersal and
germination immediately follow in response to summer rain events. Dispersal is a function
of both biotic organisms consuming, scarifying, and depositing seeds, and abiotic
movement of overland water flow across the soil surface. The Mojave fishhook cactus
(Sclerocactus polyancistrus), a cylindrical, low-growing species, blooms, sets fruit,
disperses seed, and germinates in the Mojave desert during late winter/early spring rain
events (May 1994).

Substantial soil moisture for seed imbibition has been determined to be a critical
element for seed germination in these and other cactus species (Parker 1977, Steenbergh
and Lowe 1977, Jordan and Nobel 1981, May 1994). Certain levels light and temperature
have also been attributed to saguaro and barrel cactus germination. Alcorn and Kurtz
(1959) found saguaro germination increased with a 72-hour imbibition period. Saguaro
seed germination responded to multiple exposures of red light or day light (6550 A ); and
decreased with far red (7350 A ), night light. Optimal temperature ranged from 20-35°C.

Greater saguaro germination occurred when temperatures were decreased at night to
mimic natural diurnal fluctuations. Neither species germinates with temperatures below

20°C, nor has germination been observed during winter rainy seasons in the Sonoran

Desert.
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Individual losses due to seedling mortality can be reduced if seeds germinate only

when the environment is most suitable. A protective cap structure which covers the hilum
on some species of the Mohave fishhook cactus prevents premature seed germination
when rainfall is early or inadequate (May 1994). Jordan and Nobel (1981) estimate that in
recent times, barrel cactus seeds have germinated only eight out every 18 years, the years

with abundant precipitation.
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GENERAL METHODS
Field Study sites

Five sites were established to conduct field studies across the range of PPC
distribution (Fig. 3.). Two sites were located on Buenos Aires National Wildlife Refuge
(BANWR) (Balaosa, Batour), one at Green Valley (GV) which is located on both private
land and the Santa Rita Experimental Range (SRER), one in Vail (Vail) and one at King
Anvil Ranch (KAR). Sites varied in size from 2 to 648 ha. The two sites at Buenos Aires
National Wildlife Refuge (BANWR) are characterized by Brown (1982) as Sonoran semi-
desert grasslands, with moderately deep, alluvial soils at elevations of 1143 m and mean
annual precipitation of 41.0 cm (U.S. Dept. of Agriculture 1974, Sellers et al. 1985,
McLaughlin 1992). KAR receives an average of 28.7 cm of annual precipitation and is
characterized as Sonoran desert scrub (Brown 1982) at 994 m in elevation. However, this
site was observed to be an ecotone between semi-desert grassland and Sonoran desert
scrub. Green Valley and Vail are in Sonoran desert scrub (Brown 1982) at 884 and 975 m
elevation and mean annual precipitation of 26.9 cm and 32.0 cm, respectively (Sellers et
al. 1985). Vail, GV and KAR soils are characterized as deep, well drained, alluvial sandy
loams (U.S. Dept. of Agriculture 1974, 1978). The field studies took place between
August 1993 and August 1995.

Not all five of the established study sites (Fig. 3.) were used for every field study

related to distribution, growth or reproduction. However, all of the individual plants
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selected per site were always measured if the site was used. Site GV is collectively

represented for the 1995 data by 20 plants located on private land adjacent to four plants
chosen in 1994 before the entire GV survey was completed in 1995 on the Santa Rita
Experimental Range (SRER). The 1994 data from GV are taken from the four SRER
plants. For all measurements except flower production, fourteen plants were used at
KAR. Flowering plants were easier to re-locate at KAR and total sample size for studies
related to flowering at the KAR site was 35. At one site on BANWR (Batour), 25 plants
were selected near the refuge headquarters. All nine known individuals at a second site on
the BANWR (Balaosa) which included 5 seedlings were in a separate area of the refuge
known as La Osa Tanks. Sample plants located on GV (1995) and KAR were randomly
selected from 334 and 420 plants, respectively. All plants within the Batour and Balaosa
sites were measured. Biological measurements regarding growth and reproductive status
were taken at this time to monitor changes in PPC population dynamics.
Shadehouse Site

A total of 76 plants were salvaged from private land undergoing development.
These plants were transplanted into a controlled shadehouse and used for descriptive and
experimental investigations. The shadehouse was located at the University of Arizona’s
Arid Lands Bioresource Research Facility (BRF) in Tucson, Arizona. To transplant these
plants, roots were trimmed within 3.0 cm of the tap root, hardened off for two weeks and
rootone hormone was applied prior to transplanting into pots with a 1:1:1 mixture of sand,

peat, and turface. This soil mixture was the standard used in all shadehouse studies. From
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the 76 individuals salvaged, many vegetative offsets were potted separately from adult

plants. Following transplanting there was a total of 116 plants available for shadehouse
investigations.

Experimental work using mature cacti was conducted using these transplanted
cacti. Individuals were supplied supplemental water, weekly or biweekly during seasons
with inadequate precipitation and annual fertilizer applications (10-25-10). They were
grown under a reduced light intensity by using shadecloth.

Sections

This thesis is separated into three sections, each with its own methods, results and

discussion. The first section describes PPC distribution across five sites. The second

section is on vegetative growth. The third is on reproductive biology.
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DISTRIBUTION

Survey Methods

A general survey for locating individual PPC within each study site was conducted
prior to field investigations. To survey for PPC a specific area was delineated using 7.5
min. U.S.G.S topographical maps. Belt-transects which were 8 m in width, were ortented
in an east to west direction from a baseline (Riechenbacher 1990). The Batour site was
surveyed by the BANWR staff a year prior to this particular study in 1992 and four plants
incorporated into the GV study site were found on the Santa Rita Experimental Range
without using a survey. The bottoms of drainages were rarely surveyed. Previous surveys
documented PPC as not occupying drainage bottoms or steep slopes [Phillips et al. 1981,
Mills 1991, Ecosphere Environmental Services Inc. 1992, Rees Madsen 1993 (BANWR)
pers. comm.)].

Upon finding an individual cactus a search of the local area was done to find
additional plants. Plants were then marked by using t-posts or re-bar 9 m south of each
individual. At each site, using the number of individuals found and the site area, an entire
site density was calculated. Selected plants which were surveyed at these sites were used
for biological data collection.

A random sample of 41 plants from all surveyed individuals at each of five sites
(Balaosa, Batour, Vail, GV, KAR) was selected to thoroughly search, at close proximity
by people crawling on their hands and knees, a 50 m” quadrat encompassing adult plants

for seedlings. One hundred and twenty PPC seedlings were randomly selected for
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germination and grown in 10-cm® pots for a 22-month period under shadehouse

conditions, to develop a search image for detecting seedlings and young individuals in the
field. For purposes of this documentation, individual seedlings were considered to be if
they were unable to reproduce and had no cleft development along upper surfaces of
tubercles. Within the 41 seedling quadrats I monitored the season of germination,

A more extensive survey was conducted for a salvage project involving the re-
location of PPC from a private land development project to the BRF for studies involving
controlled shadehouse conditions. This particular salvage project was permitted through
the Arizona Department of Agriculture and located in Green Valley, Arizona. It was our
objective to completely remove all PPC from the land area. Repeated coverages were run
from varied directions to search at different light angles. We repeated the coverages seven
times, until no new individuals were found.

Survey Results

Patterns relative to PPC health and reproduction were associated with plant
communities at five sites (Fig. 3). These were characterized as being dominated by
Lehmann lovegrass or a mixture of species representing an ecotonal boundary, or a mid-
sized mesquite shrubland community (Roller and Halvorson in press). I found PPC
density to be higher and seedlings present within the mid-sized mesquite shrubland
community which occurred at GV, KAR and at two smaller sites: Balaosa on BANWR
and Vail. One site on BANWR, Batour, had the lowest density of living adult PPC and no

seedlings present.
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In general PPC distribution appeared to be patchy, and plants were widely-

dispersed and varied in density through its range. As of 1995 a total of 4895 ha was
surveyed across five sites and different PPC densities were observed (Table 1). At GV
397 plants were located on 1038 ha of private land; at KAR 334 plants were found on
3459 ha, at Vail 5 plants were found on 5 ha; on BANWR, 25 plants were located on 386
ha at Batour, and nine on 7 ha at Balaosa. I found no small or young individuals in the
thoroughly-searched, 50-m* quadrats located at the Batour site and the adults were
generally ranked as being in poor condition. The vegetation at the Batour site was the
only site characterized as being dominated by Lehmann lovegrass (Roller and Halvorson in
press). All quadrats located on the four other sites were not dominated by Lehmann

lovegrass as the grass was generally absent or rarely present.

Table 1. Pima pineapple cactus densities as of January 1994 at five sites in southern
Arizona which were characterized as either: 1) mid-sized mesquite shrublands or 2)
Lehmann lovegrass grasslands.

Site Community #Cacti  #/Acre  #/Hectare
Balaosa _ Mid-sized Mesquite Shrubland 9 3.00 1.00
Vail Mid-sized Mesquite Shrubland 5 3.00 1.00
GV Mid-sized Mesquite Shrubland 397 1.00 0.33
KAR Mid-sized Mesquite Shrubland 334 0.25 0.10
Batour Lehmann Lovegrass Grassland 25 0.17 0.07
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Only 9 seedlings were found within the 41 quadrats and they were found at 4 of

the 5 sites not dominated by Lehmann lovegrass. Five were located in a ring within 1 cm
of each other at Balaosa, two were found in separate plots at a distance > 100 m at GV,
and single seedlings were found at KAR and Vail. The seedlings varied in size from 1.5-
3.0 cm in diameter, 1.0-2.5 cm in height and were similar in dimensions to 22-month-old
seedlings grown in the shadehouse. Generally seedlings were found to occur at the edge
of half shrub or mesquite canopies or in relatively open patches. These areas show
evidence of both overland water flow and rodent activity, factors which might be
considered in hypothesizing dispersal mechanisms.

The repeated-searching methodology used for the salvage project delineated
substantially more PPC than found using a single pass over an area. After the third pass
we were still finding up to 100% as many plants as we found initially. No individual PPC
were found on the seventh coverage.

Distribution Discussion

Lower PPC densities occupied a community dominated by Lehmann lovegrass
when compared to those counted in mid-sized mesquite shrubland vegetation. No young
individuals were found in quadrats where the lovegrass exists, but seedlings were found in
quadrats at the four mid-sized mesquite shrubland sites. PPC vigor was measured in
previous research at all five sites by estimating percent living tissue of individuals and

ranking them into four classes. Individual vigor was found to be lower within Lehmann
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lovegrass grasslands than in the mid-sized mesquite shrublands (Roller and Halvorson in

press).

The cause and effect relationship between compositional differences of the plant
community and the distribution and recruitment of PPC could not be discerned from our
data. However, three components of PPC population stability: density, individual vigor,
and reproduction, appeared to have a negative association with some factor present at one
of the five sites. Here again, the single site was typified as a Lehmann lovegrass grassland
with a high fire frequency (Roller and Halvorson in press). These patterns suggest a
testable hypothesis that Lehmann lovegrass influences PPC distributions, and several other
hypotheses which possibly explain processes underlying these vegetation patterns
associated with varied PPC distribution.

One specific explanation hypothesized by Roller and Halvorson (in press) was that
fire intensities achieved with greater herbaceous biomass destroy apical meristematic tissue
at the stem apex and limit apical resprouting. Increased Lehmann lovegrass densities have
increased fire fuel loading and possibly fire frequencies (Anable et al. 1992) due to the fact
that the grass is enhanced by the more open environment which fire creates in semi-desert
grasslands of southern, Arizona (Ruyle et al. 1988, Sumrall et al. 1991). Stands
dominated by this grass produce up to four times the above ground biomass than native
bunch grasses (Cox et al. 1990), and produce continuous spatial distributions of fuel. Fire
intensity increases with increasing biomass and continuity of fuels which allow for

thorough burns.
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Increases in the fire return interval were documented by Thomas and Goodson

(1992) to show increases in mortality of several Sonoran cacti species. Therefore, a
second explanation suggests that higher fire frequencies within Lehmann lovegrass
vegetation increase fire-induced mortality of individual PPC. These hypotheses would
account for the decreased density and vigor of cactus on sites dominated by Lehmann
lovegrass.

A third possible explanation is that lovegrass limits recruitment, particularly in the
germination or establishment stage of PPC life history. Depending upon the season of
germination or seedling growth, fire within these Lehmann lovegrass stands may not limit
PPC distribution at this life history stage. A cactus seedling could be short enough during
dormant, drought seasons when fire is present. Lehmann lovegrass may, instead, limit a
resource required for PPC germination or establishment.

From these results and findings from other research, future research which tests
the pattern that Lehmann lovegrass limits PPC distribution, and the three other process-

oriented hypotheses, is strongly recommended.
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GROWTH

Seedling Methods
To document the immediate growth and structural change of PPC seedling
development, size measurements were collected and daily growth rates were calculated.
Daily growth rates were defined as the changes in height and diameter over a 20-day
interval for 200 days from Dec. 23, 1993 through July 9, 1994. Data were collected daily
for the first week and twice-weekly for the following 4 weeks. By week six they were
moved to the BRF shadehouse and measured every 20 days.

To determine annual seedling growth, PPC seedlings were monitored for a 12-
month period, from December of 1993 to 1994. Annual growth was determined from size
measurements collected after one year’s growth following germination in December of
1993,

Seedlings were grown in a laboratory where light and water were controlled for
their first 5 weeks and then transferred to the BRF shadehouse facility. They were grown
in 10-cm? pots in the standard BRF soil mixture and provided supplemental water when
seasonal precipitation was limited. A sample of 160 field collected PPC seeds was
germinated and seedlings were used to collect size measurements and observe structural
changes. The height and diameter measurements collected from seedling cacti included
spines. A narrow ruler and a superpolyamid rolometer caliper were used to measure

seedlings.



31
Adult Methods

Adult growth was quantified seasonally and annually by measuring the size of 34
plants and pooling the recorded data from all known individuals at two field sites (Batour,
Balaosa). Seasonal data were collected from post-monsoon (August 31, 1993) through
pre-monsoon (June 19, 1994). Seasonal size variation was documented and daily growth
rates were calculated by measuring the difference in size between seasons divided by the
number of days between data collections. The number of days between data collection
varied with the weather events of 1993 and 1994.

Two growing seasons (1994, 1995) of annual growth were recorded on 18 plants.

The annual growth of 1995 recorded from August 4, 1994 to September 20, 1995 and
was used as a conservative representative for extrapolating plant longevity in years. All
sites in southern Arizona sustained below-average winter and summer precipitation during
this year (NOAA 1995). The average size of larger individuals, those with an entire
cactus diameter > 10 cm, was calculated to determine an estimate of PPC life span in
years.

Five variables were measured: basal offsets (stem #), apical tubercles, diameter of
the large central stem (adult diameter), largest diameter of entire plant (largest diameter),
and height. For the purposes of this research, basal offsets are described as the number of
stems. Height and diameter measurements were taken from the same aspect of every
sampled individual. Growth was evaluated from measurements of plants that survived the

entire study period.
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Seedling Results

Establishment success at the end of the first year of growth was 47% of the 160
seeds planted. A total of 51% germinated initially and 6 individuals died within the year.
By the end of the first year, seedlings were an average 0.8 cm tall, 1.1 cm in diameter and
had rosettes of sharp hardened spines at the tips of nodule-like tubercles. At month 5,
premonsoon spines were thin and pliable. The cleft found on adult tubercles was not
present, nor was the central hooked spine. The average number of spines per tubercle was
six. The average number of tubercles per seedling was 8. Premonsoon tubercles ranged
between 2 and 4 and post monsoon numbers rose to 8.

Initial seedling growth in height occurs through the first 5 weeks, and by month 5
(May 20, 1994) diameter increased substantially, as the seedling contracted nearer to the
soil surface (Fig. 4a.). Although height growth rates fluctuated across seasons, diameter
steadily increased, even during the premonsoon season when height decreased (Fig. 4b).
The decrease in height at month four may be attributed to increased summer temperatures
and decreased water availability during the summer months through June 19 and the slight
increase at month seven may be due to some set of factors associated with monsoon

climate.






