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Abstract. Yeast communities in necroses of organpipe cactus (Stenocereus
thurberi) were surveyed at 3 localities in Arizona. Quantitative analysis of
random samples allows comparisons of the types and numbers of yeasts
at 3 levels: within plants, between plants within a locality, and between
localities. The analysis shows that the major source of variability is between
plants. This pattern is identical with the pattern shown by agria cactus
(Stenocereus gummosus) and is thought to be due to sampling different
successional stages. No significant differences in estimates of the effective
number of yeast species (ENS) in agria and organpipe samples were found.
Comparisons of agria, organpipe, and prickly pear (Opuntia) cacti support
the hypothesis that cactus chemistry is an important determinant of the
yeast communtty structure which, in turn, is an important determinant of
the diversity of Drosophila species which utilize necrotic cacti as feeding
and breeding substrates.

Introduction

The deserts of northern Mexico and southwestern United States provide an
excellent opportunity to study the ecology of a biological system consisting of
plants, microorganisms, and insects. The system involves species of yeasts and
Drosophila which live in decaying stems, fruits, and cladodes of cacti, specif-
ically giant columnar cacti and species of Opuntia (prickly pear). The cacti
provide a source of nutrients for microorganismic growth and the Drosophila
feed upon the microorganisms. There is a limited set of about 12 yeast species
that are specifically associated with necrotic cacti and about 10 predominant
species of cactophilic Drosophila [4, 12]. The system, then, not only furnishes
an opportunity to study yeast community structure but also to consider the
ecological significance of yeast community structure since the relationships and
interactions between organizational levels in this micro-ecosystem are fairly
well known. Another attribute of this system is that the yeast-cactus and yeast-
Drosophila associations can be viewed from an evolutionary or coevolutionary
standpoint, since the chemical divergence of the cacti has been accompanied
by the development of specific insect-host plant relationships and divergent
yeast communities.
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This is the third paper in a series of articles that analyze the community
structure of cactophilic yeasts. The first paper analyzed the yeast community
of decaying agria cactus (Stenocereus gummosus) with respect to spatial, tem-
poral, and physiological organization [11]. Three distinct localities in the vi-
cinity of La Paz, Baja California Sur, Mexico, were sampled during January
1981. The second paper examined yeast communities in decaying pads of 3
species of prickly pear cactus in Arizona and Texas during the period October—
December of 1981 [13]. Comparisons of Opuntia species with agria indicated
that samples of the former contain relatively more yeast species with broader
physiological abilities in their communities than columnar necroses. This paper
investigates the spatial organization of the yeast community in decaying stems
of organpipe cactus (Stenocereus thurberi), a close relative of agria. Organpipe
and agria are chemically similar [5], and necroses of these plants are used as
feeding and breeding substrates by the same Drosophila species. Comparisons
of all 3 cacti should provide further insights regarding the determinants of yeast
community structure.

Methods

The general procedure for collecting samples of necrotic cactus tissue for community structure
analysis of the yeast flora has been described in detail by Starmer [11]. Samples of necrotic stems
of organpipe cactus were collected in December of 1982 from 3 separate localities in southern
Arizona: (1) west Organ Pipe National Monument, (2) east Organ Pipe National Monument, and
(3) the southern end of the Santa Rosa Wash. Localities 1 and 2 are separated by approximately
15 miles, and locality 3 is east of the National Monument and about 36 miles from locality 2.
Within these limited areas, efforts were made to sample all rotting stems that were seen. Each rot
was aseptically opened and three noncontiguous samples were placed in separate sterile Vacutainers.
These samples were placed in a cooler and either returned to the laboratory for plating or plated
in the field. Samples representing 3 rotting stems from each locality were chosen for study. All
samples were plated within 10 hours of collection.

Qualitative and quantitative analyses of the yeast communities in rotting organpipe cactus were
performed by diluting 1 g of the necrotic tissue in sterile water. The 10~ and 10-¢ dilutions were
plated on both selective and complete media. All media were acidified with 1 N phosphoric acid
to a pH of 3.8 in order to inhibit the growth of bacteria. However, some bacterial colonies appeared
on some of the plates. The selective media consisted of yeast nitrogen base (YNB, Difco), agar,
and various carbon sources (0.5% w/v). The choice of carbon sources was based on previous
surveys of the yeasts associated with organpipe cactus and their physiological abilities [reviewed
in 1, 12]. The plates were incubated at room temperatures (25°C), and colonies were counted after
7 days. A representative of each colony type from each sample was brought into pure culture by
2 successive streaks on complete medium (YM, Difco). Identification or confirmation of pre-
sumptive selective isolation was made by standard methods currently used in yeast taxonomy [15].
Isolates representing new or undescribed species were given arbitrary designations and are shown
in Tables 1 and 3 in quotation marks.

The quantitative data from each sample, plant, and locality were transformed by taking the
arcsine square root of the proportional representation of the yeast species in the community. The
transformed data were analyzed using the nested analysis of variance procedure outlined in Sokal
and Rohlf [10]. The levels in the nested ANOVA were within individual plants, between plants
within a locality, and between localities.

Estimates of the effective number of species (ENS) were calculated by the method outlined in
Lachance and Starmer [7]. These estimates were obtained in 3 different ways: (1) on a per sample
basis, then averaged over all samples; (2) on a per plant basis by pooling all samples per plant,
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then averaging over all plants; and (3) on a locality basis by pooling all samples for all plants per
locality, then averaging over all localities.

Results

The frequency of each yeast species and the total yeast density for each sample
of organpipe cactus are given in Table 1. For comparative purposes, the same
data for agria are presented in Table 2 (data from Starmer [11] presented as
frequencies). A comparison of the average total yeast density for the 2 cacti
indicates that, not only is the yeast flora in agria significantly more dense, but
also significantly more variable, The average density (+ the standard error) for
agria is 547.4 = 123.7 x 103 cells/g and the same parameter for organpipe is
150.7 £ 40.6 x 10° cells/g. The difference between the means is statistically
significant (¢’ = 3.047, P < 0.01), and the difference between the variances is
also significant (¥ = 11.332; df = 33,27, P < 0.001).

The F'statistics derived from nested analyses of variance for each yeast species
in both cacti are shown in Table 3. These analyses show that, for most yeasts,
the plant-within-locality source of variation is statistically significant, but, at
the next level in the nested ANOVA, there are no yeasts for which there is
significant variation due to the locality source of variability. Also for yeast
species that are found in both agria and organpipe, no significant differences
can be attributed to the cactus species themselves. Pichia amethionina was
omitted from this analysis due to its rarity in organpipe.

Coeflicients of variation (CV) for within-plant and plant-within-locality vari-
ation sources are also presented in Table 3. The relationship between these 2
sources of variation can be indicated by calculating a rank order correlation
coeflicient (Spearman’s Rho). The calculated statistics for agria and organpipe
are 0.790 and 0.145, respectively. The coeflicient for agria is significant at P <
0.05 (df = 5), and the coefficient for organpipe is not significant at this level
(df = 8).

Comparisons of the effective number of yeast species in agria and organpipe
rots at the 3 hierarchical levels indicated no significant difference between the
cactus species with respect to this parameter at any level. The calculated es-
timates for agria and organpipe, respectively, are 1.656 and 1.996 on a per
sample basis (' = 1.687, P > 0.05), 2.804 and 2.505 on a per plant basis (f' =
0.390, P > 0.05), and 4.743 and 4.740 on a locality basis (t = 1.472, P > 0.2).

Discussion

Comparison of the community structure of yeasts in organpipe and agria cactus
can be made from the data in Table 3. Agria and organpipe are the same in
that none of the resident yeast species show significant increases in variation
of their proportional representation between localities. However, in both cacti,
most yeast species have significant variation attributed to different plants within
a locality. This suggests that different areas within the same rot are relatively
homogeneous with respect to yeasts, and that species proportions are relatively
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Table 2. Frequency® of yeast cells in necrotic agria (raw data from Starmer [11])

jach
Yeast species' Total

Locality Plant Sample P.C. CS. P.A. C.C. C.V. C.L P.M. no.<

1 1 1 0575 0308 0091 0014 0010 0.000 0000 2850
2 0267 0.626 0058 0025 0021 0000 0.000 1,092.0

3 0465 0389 0.101 0025 0017 0000 0.000 6680

2 1 0783 0095 0.117 0.003 0.000 0.000 0.000  282.0
2 0.160 0636 0.056 0.146 0000 0.000 0.000 1,458.0

3 0235 0334 0.143 0016 0000 0270 0000  718.0

3 1 1.000 0.000 0.000 0000 0.000 0.000 0.000 1,406.0
2 1.000 0.000 0.000 0.000 0.000 0.000 0.000 68.0

3 1.000 0.000 0.000 0000 0000 0.000 0000 1,400.0

4 1 0767 0.008 0056 0.163 0000 0.000 0.004 1970.0
2 0959 0.000 0003 0031 0.000 0000 0005 767.0

3 0939 0000 0.00i 0058 0.000 0000 0001 1874

2 1 1 0590 0.079 0099 0.219 0.000 0.000 0.009 1,523.0
2 0702 0.068 0.101 0.120 0.000 0.000 0.007 2,574.0

3 0.655 0.008 0.065 0256 0.000 0000 0.014 1,948.0

2 1 0000 0.000 0000 0000 0.000 0.000 0.000 0.0
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0

3 0.000 0.000 0000 0.000 0.00 0.000 0.000 0.0

3 I 0020 0.027 0027 0.565 0255 0.075 0.027 1450
2 0019 0035 0067 0269 0484 0083 0039 2520

3 0014 0207 0029 0232 0.173 0079 0262 2020

4 1 0036 0013 0069 0026 0785 0.069 0000 303.0
2 0119 0.507 0.238 0.119 0.014 0.000 0.000 67.0

3 0.049 0.004 0.049 0.000 0.895 0.000 0.000 20.1

3 1 I 0123 0098 008 0049 0641 0000 0.000 81.0
2 0.800 0.133 0.032 0013 0019 0000 0.000  306.0

3 0669 0.186 0039 0.032 0071 0.000 0000 306.0

2 1 0032 0000 0000 0000 0967 0000 0.000 3.1
2 0781 0.187 0.000 0.03! 0.000 0.000 0.000 32.0

3 1.000 0.000 0.000 0.000 0000 0.000 0.000 0.2

3 1 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.0
2 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.1

3 0.000 0.000 0000 0.000 0000 0000 0.000 0.0

= The frequency values for cells of each yeast species are given as the fraction of total yeast cells
in each sample

4 P.C., Pichia cactophila, C.S., Candida sonorensis, P.A., Pichia amethionina var, amethionina,
C.C., Cryptococcus cereanus, C.N ., Candida valida, C.1., Candida ingens, P.M., Pichia mexicana
© x 107 yeast cells/g of sample

constant between localities. As previously stated by Starmer [11], the variation
between plants within localities is most likely a result of samples representing
different successional stages of the rotting process. Unlike agria, no temporal
sequence of yeasts can be inferred from organpipe data because no consistent
groups of yeasts can be detected. It seems reasonable to assume, however, that
yeasts undergo succession in organpipe as well as in agria, but because of the
vagaries of sampling, this point remains unclear.
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The relationships between the coeflicients of variation presented in Table 3
point out another difference between the 2 species of cacti. In agria, the rank
order correlation coefficient relating the variability within and between plants
is statistically significant, whereas this parameter in organpipe is not significant.
Starmer [11] proposed that the correlation in agria was an extension of the
Kluge-Kerfoot phenomenon [6] at the level of the community. This phenom-
enon is indicated by a positive correlation between the interlocality differen-
tiation for a variable and the amount of within-population variation. Sokal [9]
has suggested that such a relationship implies stability in the relative levels of
variability for substantial periods of time, With this in mind, the comparison
of agria and organpipe shows that the yeast community in agria may be more
structured than in organpipe.

On the other hand, a recent article by Rohlf et al. [8] reanalyzed the data
sets that had been previously used to demonstrate the Kluge-Kerfoot phenom-
enon. In their opinion, these data sets suggest that the phenomenon may be a
statistical artifact, and the observed correlations of measurements of within
and among population variability are mainly due to the fact that both of these
parameters are functions of a third variable—the sample mean. Their main
conclusion, however, was not that there is never a real and biologically mean-
ingful correlation between levels of within and among population variability,
but rather that *“. . . previous studies do not provide adequate data to allow an
investigation of such a relationship.” Certainly, statements regarding these
correlations should be made with caution.

Agria and organpipe cacti are very similar with respect to effective numbers
of yeast species present in their necroses. The estimates of ENS increase in
value with hierarchical level because pooling the data tends to include more
species. In addition, pooling tends to smooth out variation, and the more even
the frequencies of the different yeast species are, the higher the estimate will
be. Maximum ENS occurs when all yeasts are represented with equal frequency.
It is evident from Tables 1 and 2 that organpipe contains a higher absolute
number of yeast species than agria, but their proportional representation is
more variable.

This comparison differs from a similar comparison presented by Starmer
and Phaff [13] in the second paper of this series. Their comparison of agria
and organpipe was based on the frequency of qualitative occurrence in a much
larger number of samples. The estimates of ENS obtained in this manner were
4.71 and 6.51 for agria and organpipe, respectively. The difference in the 2 sets
of estimates most likely represents the difference in the quantitative vs quali-
tative nature of the experimental approaches.

It is appropriate to reiterate the conclusions of Starmer and Phaff [13] with
respect to ENS measurements. Their results indicated that Opuntia necroses
contain slightly higher numbers of yeast species in their microbial communities
(average = 7.15) than necroses of the columnar subtribe Stenocereinae (aver-
age = 5.02 including agria and organpipe). They suggested that the difference
in cactus chemistry is an important determinant of the numbers and types of
yeasts present. With respect to chemical composition, agria and organpipe are
certainly closer to each other than either is to Opuntia species [5]. Based on
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these ideas, the yeast community structure in agria and organpipe should be
similar, and the data presented in this paper support this statement.

Finally, the role of Drosophila in shaping the yeast community structure
should not be ignored. Drosophila are known to be yeast vectors [3], and there
is evidence that Drosophila may be the principal source of yeast inocula for
new cactus rots [11]. An additional determinant of yeast community structure
may, therefore, reside in the insect-plant relationship and the factors that attract
Drosophila species to specific cactus species.

Once the yeast community has been established, i%* may be further affected
by the resident Drosophila life stages that are feeding upon yeasts. Selective
foraging by Drosophila mojavensis larvae on specific yeasts in naturally occur-
ring necroses of agria and organpipe has been demonstrated by Fogleman et
al. [1, 2]. Vacek et al. [14] found nonrandom samples of yeasts in the guts of
adult Drosophila feeding on necrotic oranges. In this case, the yeast species
that was preferentially ingested was not randomly distributed within the ne-
crotic tissue, but rather was more associated with the surface of the rot because
of its growth characteristics. In addition, necrotic Opuntia pads are used as
oviposition substrates by more Drosophila species than are the columnar cactus
species [16], and this might be the reason why Opuntia rots contain more yeast
species than agria or organpipe rots. All of these phenomena may be affecting
the community structure of the yeasts associated with the decaying stems of
cactus.
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