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ABSTRACT 

Esterase and malic acid dehydrogenase allele 

frequency data for D. nigrospiracula and D. pachea were 

obtained for three levels of population structure: 

larvae from rot pockets, adults sampled seasonally from 

a single locality3 and adults from separate geographic 

localities. 

MDH frequencies of D. nigrospiracula were consis

tent with the isoenzyme hypothesis. Genetic distance 

estimates (Rogers') were lowest between rot pocket pop

ulations within a single saguaro and increased in seasonal 

and regional collections (.033i .040: .056). The same 

pattern was observed for coefficients of variation of the 

major alleles. There was no conclusive evidence for 

selection at this locus. 

EST frequencies for both species were consistent 

with the ecological polymorphism hypothesis. Correlations 

between EST frequencies and host plants were observed 

between geographic populations: principal components 

and concentrations of sterols and alkaloids in senita 

(D. pachea); and Est-4 and and cardon vs. saguaro 

(D. nigrospiracula). EST genetic distance estimates 

xii 
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between rot pockets within a single saguaro or clump of 

senita were greater than between either seasonal or 

geographic populations (D, nigrospiracula .088: .0655 

.087; D. pachea .070 5 *058; .061). Coefficients of 

variation for the major EST alleles revealed a consistent 

pattern: low frequency alleles (less than .1) were 

more variable in seasonal collections and high frequency 

alleles (<.3=° 5 or „8) were more variable within the host 

plant. This is consistent with the theory that spatially 

subdivided environments are more effective than temporal 

variation in maintaining polymorphisms in natural popu

lations . 

Est-2 (.033-.103) was correlated negatively with 

temperature and Est-5 (.010-,,102) was correlated positive

ly with temperature in the Tucson seasonal D. nigrospira-

cula population. When adults were reared at 20 and 28°C 

on rotting saguaro, significant differences in Est-2 and -5 

frequencies were produced which were consistent with field 

observations. When banana medium was used at 15s 20, 24, 

28, and 30°C, a positive correlation was observed with 

Est-2, but no response was seen for Est-5* A temperature 

rotting cactus interaction was hypothesized to cause the 

frequency changes observed in the field. Electrophoretic 

and temperature analysis of rot pocket populations in 

the field confirmed the correlations of Est-5 with 
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temperature; however, Est-2 frequencies were correlated 

with rot height rather than temperature. Laboratory 

experiments tested desiccation resistance of larvae* 

Est-2 increased (.O38-.269) with increasing survival time 

in the desiccator. Selection by desiccation resistance 

was suggested for the results from temperature experiments 

on banana media and for the correlations with height. 

Sufficiently different conditions (temperatures humidity, 

pH, chemical composition, yeast concentration) exist 

within rotten cacti for selection to produce the different 

EST allele frequencies observed between rot pocket pop

ulations . 

Negative correlations between Est-3 frequencies 

(•3-*5) and the total number of individuals assayed 

(approximate density) were observed consistently in field 

and laboratory populations of D. nigrospiracula. Est-3 

frequencies were correlated negatively with Est-4 fre

quencies in these same populations. This indicates that 

frequency dependent selection may be operating. Although 

frequency dependent selection is independent of host, 

its effect is to further differentiate spatially sub

divided larval populations. The selective importance 

of variation at the EST locus is probably to optimize 

productivity of the host cacti and maximize reproductive 

potential of the population in a fluctuating environment. 



CHAPTER 1 

ELECTROPHORETIC VARIATION OF 
PROTEINS 

In order to study the genetic variation in pop

ulations, a method must be used which can detect allelic 

differences at a single locus. Almost all changes in the 

base sequence of a DNA molecule will result in a substi

tution, deletion, or addition of an amino acid in the 

polypeptide chain coded by that particular gene. Approx

imately 32$ of these substitutions will result in a change 

in charge (Henning and Yanofsky, 1963). These changes 

can be used to separate proteins by gel electrophoresis. 

The speed of migration in an electric field of any partic

ular protein will depend on its molecular size and net 

charge. Proteins which migrate at different rates are 

concentrated in bands on the gel which are visible after 

protein or enzyme staining. Markert and Miller (1959) 

defined the different molecular forms of an enzyme which 

catalyze the same reaction as isozymes. This general 

term includes the variant proteins which are the result 

of polymers produced from polypeptides specified by the 

same locus, by different loci, or nongenetic differences 

resulting from subsequent binding with various cofactors 

1 
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or ions. To prevent confusion in terminology in systematic 

studies, Prakash et al. (1969) have proposed the term 

allozyme for variant proteins produced by alleles at the 

same or homologous locus. 

Difficulties in Identifying 
Selection 

Drosophila species were the first to reveal 

extensive allozyme variability in natural populations 

(F. M. Johnson et al., 1966; Lewontin and Hubby, 1966). 

Electrophoretic analyses have revealed a mean heterozy

gosity per individual averaging 15# for invertebrates and six 

percent for tetrapods including man (Selander and Kaufman, 

1973). Mechanisms by which this "new" variability is 

maintained in natural populations have not been conclusive

ly determined. According to the neoDarwinian theory of 

evolution by natural selection, the differential repro

duction of genetic variants is assumed to be the major 

factor leading to genetic adaptation and differentiation. 

The neutrality or isoenzyme hypothesis has been proposed 

by Kimura and Crow (1964) and Kimura and Ohta (1971) 

to explain protein variability. They contend that the 

majority of electrophoretically identifiable variation is 

maintained by a combination of mutation, drift and gene 

flow without selection. This theory can account for all 

interpopulation patterns of gene frequency variation. 



Similarity of gene frequencies between populations is 

explained by a high migration rate and extremely large 

effective population size. Clines in gene frequencies 

result when isolation is almost complete between pop

ulations and local differentiation of gene frequencies 

is possible,, Therefore, neutrality cannot be disproven 

until selection is evidenced for a sufficient number 

of electrophoretic loci„ 

Initial electrophoretic studies could not 

identify any specific selective agent in Drosophila 

populations although many different species were an

alyzed: D. melanogaster (O'Brien and Maclntyre, 1969; 

Berger, 1971)? P. pseudoobscura (Prakash et al. 1969)5 

D. mimica (Rockwood, 1969)5 D. obscura (Lakovaara and 

Saura, 1971) 3 D° ananassae (F0 M„ Johnson., 1971) a D. 

willistoni (Ayala et al„, 1972), and D. paulistorum (Rich

mond, 1972). A total of 157 loci were analyzed in these 

studies, and only 15 showed some evidence of either seasonal 

or geographic clines« Of these 15 loci, six were esterase, 

two were leucine-aminopeptidase, three were phosphatases, 

and one each 6-phosphogluconate dehydrogenase, alpha-

glycerophosphate dehydrogenase, amylase, and a protein 

locus. Due to the uniformity of allele frequencies between 

widely separated populations, all of the authors proposed 

some form of balancing selection. However, none of these 
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studies found solid evidence of a relationship between 

protein variation and environmental factors. 

Initial studies may not have identified the role 

of natural selection in Drosophila populations for two 

main reasons„ First, the statistical aspects of measuring 

genotype-environment associations had not been established. 

With the use of multivariate analyses such as the principal 

component method, correlations with patterns of genetic 

variability and environmental heterogeneity are becoming 

apparent (Rockwood-Sluss et al», 1973? P. M. Johnson and 

Schaffer, 1973? Schaffer and P. M„ Johnson, 1974? and 

Bryant, 1974). Kojima et al» (1972) used a maximum like

lihood analysis between gene frequency differences of 

populations of D. pavani. Eight of 16 loci were polymorphic 

and for each of the polymorphic loci, a significant pro

portion of the variation among populations was associated 

with variation in gross environmental variables. 

Second, to identify the environmental factors to 

which polymorphisms are adapted, the ecology of a species 

must be understood. Environments of species such as 

Drosophila are difficult to measure. Drosophila studies 

have shown genotype-environment relationships when the 

ecology has been investigated more carefully. Heed (1968, 

1971) identified the breeding sites of about 115 species of 

Hawaiian Drosophila. G. B. Johnson (1973b) found a 
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correlation between the number of allozymes in populations 

of Hawaiian Drosophila and the number of species per island 

or ecological diversity. The breeding site of Do pachea 

was determined (Heed and Kircher, 1965) and Kircher (1969) 

studied the distribution of sterols5 alkaloids and fatty 

acids in the cactus. Interpopulation variation in allele 

frequencies at three of four loci analyzed for D„ pachea 

were correlated with variation in concentration of chemical 

factors within the senita host plant (Rockwood-Sluss et 

al.j 1973)o 

Several examples of selection have been observed in 

natural populations of species other than Drosophila whose 

ecology is better understood. Hamrick and Allard (1972) 

found intrapopulation differences in allele frequencies 

over short distances which were correlated with the change 

from mesic to xeric habitats in Avena barbata0 Semeonoff and 

Robertson (1968) for a plasma esterase and Tamarin and Krebs 

(1969) for a transferrin observed changes in gene frequen

cies of two vole (Microtus spp.) populations which could 

be correlated with differential survival in winter and 

with the cycle of population density (Gaines et al.s 1971). 

Schoph and Gooch (1971) observed a geographic and seasonal 

cline in leucine-aminopeptidase allozymes in populations of 

a marine ectoproct Schizoporella unicornis which was 

correlated with summer water temperatures. 
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A particularly interesting case of selection was 

observed at two enzyme loci in the parthenogenic crustacean 

Daphnia magna (Hebert et al.s 1972). Theoretically, a 

parthenogenic population would respond more rapidly to 

changes in selection from the environment. Malic dehy

drogenase frequency changes were observed which were 

significantly different from the Hardy-Weinberg equilibrium. 

Fecundities of females could be determined by the number 

of embryos they carried. Changes in heterozygosities in 

the population corresponded to varying fecundity of the 

genotypes. During the period of stable allele frequencies, 

no differences in fecundity were observed. Changes at an 

esterase locus were also observed and a few females with 

sexual eggs were assayed at the end of the study. The 

genotype whose frequency had been reduced during the 

parthenogenic phase was at a high frequency in the sexual 

females, 

A recent study, (Mitton and Koehn, 1975) deter

mined allozyme frequency changes of Fundulus heteroclitus, 

a costal marine fish, in control and artificially heated 

environments on the North Shore of Long Island. One pop

ulation was sampled from a cooling pond of an electric 

generating plant. Presumably, F. heteroclitus which 

spawned in this atypical environment were adapted to the 

normal cooler climate of Long Island Sound. Differences 
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in allele frequencies were produced at three of 12 poly

morphic enzyme loci in the warm water population. These 

differences were interpreted as adaptations to the warmer 

environment because the allozyme frequencies were similar 

to those from populations living in the warmer southern 

latitudes. The proportion of polymorphic loci increased 

significantly by the second year which represents the age 

class capable of reproduction. This increase in hetero

zygosity was interpreted as selection for flexibility 

needed to adapt to a variable environment. 

The ecological analysis is needed both to relate 

patterns of gene frequency variation in natural populations 

to selective agents and to determine the appropriate 

environment for laboratory studies. Powell (1971) attempted 

to show that the degree to which enzyme polymorphisms are 

maintained in laboratory populations of D. willistoni is 

related to the level of environmental heterogeneity. 

Less heterozygosity was lost in the population maintained 

in the varied environment. If electrophoretic alleles are 

responding to selection in a varied environment^ labora

tory studies should attempt to approximate this environment 

when determining fitness differentials. This may explain 

why Yamazaki (1971) was unable to discover any difference 

in fitness between individual esterase-5 allozymes of 

D. pseudoobscura under carefully controlled conditions. 
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Berger (197^-) studied the heat stability of in vitro and in 

vivo esterase-5 allozyme heterozygotes of D. pseudoob-

scura and found reduced rates of inactivation compared with 

homozygotes. Wills et al.(l975) demonstrated selection 

at the same esterase-5 locus with inbred D, pseudoobscura 

grown on conditioned tributyrin media. 

An alternative to the ecological analysis may be 

the use of conditioned media. As pointed out by Wills 

(1973) the stress applied as a selective force must be 

related to the function of the gene product. Wills and 

Nichols (1972) and Wills et al. (1975) studied the octanol 

dehydrogenase locus of D. pseudoobscura on regular media 

modified with 1-octanol. They observed a deviation from 

expected Mendelian ratios from crosses only with inbred 

flies and only on conditioned media,, Other conditioned 

media studies have shown selection at two loci of D, 

melanogaster. De Jong et al. (1972) observed differences 

in phenotypic frequencies at the amylase loci between 

populations of the same geographic origin on different 

food media (S-sucrose carbohydrate source, and C corn 

meal-starch carbohydrate source). Selection for starch 

utilization was hypothesized for the change in allele 

frequency. A rapid rise in the frequency of an alcohol 

dehydrogenase allele was observed on media supplemented 

with ethanol (Bijisma-Meeles and Van Delden, 197^). 
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Populations which were polymorphic for this locus also 

showed the slowest extinction rates in nine more or less 

extreme environments. 

Statement of the Problem 

A unique opportunity exists in the Sonoran Desert 

to analyze the structure of a Drosophila population in 

relation to the variability which it maintains. Two species 

were used in this analysis, D. nigrospiracula and D. pachea. 

Gene frequency patterns at three levels of population struc

ture were analyzed: spatially separated larval populations 

at a single site, temporally separated adult populations 

collected seasonally at a single locality, and spatially 

separated adult populations collected throughout the 

geographic range of the species. This type of study is 

necessary to relate theoretical models for the maintenance 

of polymorphisms to the actual patterns of variability 

within natural populations. The accessibility of the 

breeding sites of both of these species permits studies 

to determine the environmental diversity within the larval 

niche. This should make it feasible to determine the 

environmental factors to which polymorphisms may be adapted. 

No effort was made to estimate the total genie 

heterozygosity of these two species; rather, the dynamics 

of two polymorphisms which have consistently demonstrated 

different levels of variability in numerous species including 
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D. nigrospiracula and D. pachea were investigated. The 

esterase locus is on the average the most variable elec-

tophoretic locus in Drosophila (G. B. Johnson, 197^). 

Selander and Kaufman (1973* p. 1875) admitted the important 

contribution of the esterase loci to average genomic hetero

zygosity estimates. "(V)alues for horseshoe crab, sparrow, 

and two rodent genera (Dipodomys and Sigmodon) have been 

increased by 70$ over observed values to compensate for 

the fact that esterases, which are highly polymorphic 

enzymes, were not included in the samples of loci assessed." 

Esterase is a group I enzyme (Kojima et al., 1970) which 

responds to a variable substrate from the environment. 

Malic dehydrogenase is a useful locus for comparison. 

It is a group II enzyme (Kojima et al., 1970) which is 

responding to a nonvariable metabolic substrate and as 

such is buffered against environmental variation. G. B. 

Johnson (1974) further classifies malic dehydrogenase as 

a nonregulatory enzyme which does not control a key step 

in the metabolic pathway. He identifies this locus as, 

on the average, the least variable electrophoretic locus 

of Drosophila. 

Ecology 

D. pachea (Patterson and Wheeler) is distributed 

throughout the Sonoran Desert and adjacent regions (Figure 

l). Its distribution is limited to that of senita cactus, 



Figure 1. Collection sites of D. pachea. 

The inserts contain the distribution of senita, 
Lophocereus schottii, (Hastings et al., 1972) the obli
gate host plant for D. pachea; and the distribution of 
the subspecies L. schottii var. tenuis (Lindsay, 19^3). 
The circles represent collections made from the northern 
form of senita (five ribs, thick arms). The squares 
represent collections made from the southern form of 
senita (up to ten ribs, thin arms). The stars indicate 
sites where Kircher (1969) collected cactus samples to 
analyze for determining the chemical composition. The 
numbers correspond to those in table 1 (1 = Organ Pipe 
National Monument, 2 = Sonoita, 3 = Rocky Point, 4 = 
Santa Ana, 5 = Kino, 6 = Hermosillo, 7 = Guaymas, 8 = 
Empalme, 9 = Bacum, 10 = Navojoa, 11 = Zaragosa). 
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Lophocereus schottii (Engelmann) Britton and Rose. It 

breeds in the rotting arms of senita cactus which provides 

a rare sterol, schottenol, necessary for growth and repro

duction (Heed and Kircher, 1965). Other desert adapted 

Drosophila are unable to breed in senita due to the toxic 

alkaloid pilocereine which kills their adults and/or progeny 

(Kircher et al., 1967)® A latitudinal gradient in the 

number of ribs and in the surface; volume ratio of the 

stems of senita cactus has been described (Felger and 

Lowe, 1967). Arms of the northern cactus are large in 

diameter with five ribs, while southern cactus has thin 

arms with up to ten ribs. The southern form of the cactus 

has been described as a separate subspecies Lophocereus 

schottii var. tenuis (Lindsay, 19&3)* Kircher (19&9) 

determined the concentrations of fatty acids, nonsapon-

ifiables, and alkaloids of the senita cactus through part 

of its range. He found only small and nonsignificant dif

ferences between localities. Differences within single 

cacti, between old and young arms, and between cortex and 

epidermis were as great as the differences between local

ities. 

D. nigrospiracula (Patterson and Wheeler) breeds 

in rotting segments of saguaro cactus, Carnegiea gigantea 

(Engelmann) Britton and Rose, and cardon cactus, Pachycereus 

pringlei (S. Watson) Britton and Rose. It is occasionally 
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found breeding in hecho cactus, Pachycereus pecten-aboriginum 

(Engelmann) Britton and Rose, and barrel cactus, Ferocactus 

wislizenii (Engelmann) Britton and Rose (Heed, Russell, and 

Ward, 1968). Flies have been collected as far north as 

34042). i s north of Wikieup, and as far south as 23°59' on 

Baja California. Its distribution roughly corresponds 

to that of its host plants (Figure 2). D. nigrospiracula 

shares its larval niche with other Drosophila species, but 

it is the dominant species on the cacti due to competitive 

superiority (Fellows and Heed, 1972). It was discovered 

(J. S. Johnston, Baylor University) that the juice from rot

ting saguaro which collects at the base of the cactus is 

the major breeding site for an undescribed species, al

though this species has been reared occasionally from 

cactus when no ground rot was available. D. nigrospiracula 

larvae are also found occasionally breeding in the ground 

in the cactus juice. 



Figure 2. Collection sites of D. nigrospiracula. 

The inserts show the distribution of saguaro 
(Carnegia gigantea) and cardon (Pachycereus pringlei) 
from Hastings et al. (1972). The circles represent 
collections made from saguaro cactus. The squares rep
resent collections made from cardon cactus. The numbers 
correspond to those in Table 4 (1 = Wikieup, 2 = Burro 
Creek, 3 = N. Alamo Lake, 4 = W„ Alamo Lake, 5 = Aguila, 
6 = Chaco Sheep Ranch, 7 = Tucson 5/71> 8 = Sells, 9 -
Organ Pipe National Monument, 10 = Caborca, 11 = Altar, 
12 = Kino, 13 = Hermosillo, l4 = Empalme, 15 = San 
Carlos, lo = Punta Prieta, 17 = San Lucas, 18 = Loreto, 
19 = Los Planes). Latitude is given to the right of 
the Figure. 
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CHAPTER 2 

MATERIALS AND METHODS 

Population Sampling 

D. pachea adults were aspirated directly from 

naturally rotting senita cactus in the field. Most of 

the collections were made within a one week period in 

January, 1969. Eleven localities were sampled (Figure 1). 

To detect seasonal variability in gene frequencies, the 

population at Santa Ana, Sonora, was sampled during the 

summer and winter months over a period of three years. 

Attempts were made to sample the population at Zaragosa, 

Sinaloa, over the same three year period; however, no flies 

were aspirated or trapped in the southern desert in July 

and August, 1971* even though considerable effort was ex

pended for this purpose. To determine the genetic var

iability in individual breeding sites within a local 

population, the rot pockets containing larvae were chopped 

from the rest of the healthy plant and brought into the 

laboratory. Rotting cactus was placed into glass containers 

and the newly emerged adults were collected, held for a 

minimum of one week and assayed electrophoretically. 

15 
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Adult D. nigrospiracula were collected by sweeping 

over rotting cacti. Nineteen localities were sampled through 

the range including collections from its two major host 

cacti (Figure 2). Collections were made over a seven year 

period; however9 most of the collections used for the 

geographical comparison were made between February and 

June. The Tucson population was sampled during the summer 

and winter months to detect any seasonal variation in 

allele frequencies. Additional collections were made at 

several other separate localities to confirm any variation 

in the Tucson population. Saguaro often rots its full 

length so that a large amount of necrotic tissue is avail

able to support the population. To examine the variability 

within a rots sections of necrotic tissue one cubic foot 

and less were removed from different heights, placed in 

glass containers, and brought into the laboratory. Larvae 

and/or adults reared from each section were assayed 

electrophoretically. 

Laboratory Experiments 

Two vials each containing 30 wild-caught D. nigro-

spiracula females and 20 males were placed in controlled 

temperature boxes at 35°C, 30°C, 24°C, 20°C, and 15°C *1°C. 

All of the adults held at 35°C died. No appreciable 

oviposition was observed in any of the vials except those 

held at 24°C. Vials containing regular banana food were 
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used for these experiments specifically to examine the 

response of allele frequencies to temperature independent 

of the host plant. Absence of host stimuli accounted for 

at least part of the reduced oviposition. The experiment 

was repeated with modifications. Adult flies were kept in 

vials at 24°C and transferred approximately every two 

days after sufficient oviposition was observed. These 

vials were distributed at random between the 30°C5 28°C, 

24°C, 20°C3) and 15°C tl°C boxes (four to six vials/box). 

The temperature response was tested twice, first with 

adults collected in November, 1972, and again with adults 

collected in May, 1973» The first generation of adults 

were collected and assayed electrophoretically. 

A third temperature experiment was conducted in 

May, 1974-s using naturally rotting saguaro cactus as the 

nutrient medium. A section of rot, which contained no 

observable immature or mature fauna, was collected from a 

saguaro under semi-sterile conditions. "Sandwiches" were 

constructed with a layer of fresh cactus between two layers 

of rotten cactus. Total weight of cacti varied from 219.5 

to 265.2 gm.. Cacti were placed into 12 glass bottles, 

six of which contained dirt collected from the base of the 

saguaro and six contained sterile cotton. Juice collected 

from another part of the same rot was also added to the 

bottles. Fifty wild-caught females and 25 wild-caught males 
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from the same field population were placed in each bottle. 

Six of the bottles were placed at 28°C and six were placed 

at 20°C. Dirt and cotton bottles were distributed evenly 

between the two temperatures,, The first generation of 

adults was collected and assayed electrophoretically. 

Dehydration experiments were conducted using third 

instar larvae collected from a saguaro rot in the field. 

These larvae were placed in desiccation cans (10-15/can) 

at time zero and were examined at five to ten minute inter

vals. Any larvae which no longer responded to tactile 

stimuli were removed and frozen to be assayed electro

phoretically at a later time. 

Electrophoresis 

Individual adult flies, larvae were homogenized in 

10 a1. tris-citric acid buffer, pH 8.6, in a delrin plastic 

depression as described by Kambysellis et al. (1967). 

Slurry was absorbed by 4 x 5 mm. rectangles of Whatman 

number one filter papers which were inserted into a hori

zontal slot in a 12$ starch gel. Electrophoresis according 

to Smithies (1955) was used with the discontinuous buffer 

system described by Poulik (1957). After electrophoresis 

for approximately four hours at 120 volts (until the brown 

borate zone was eight cm. from the origin) each gel was cut 

into two layers and each layer was stained separately. 
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Although variability at four enzyme loci has been 

reported for D. pachea (Rockwood-Sluss et al., 1973)? only 

two enzyme systems will be considered here for purposes 

of comparison with D. nigrospiracula. The stains used were 

a malic acid dehydrogenase (MDH) and an alpha-naphthyl 

acetate specific esterase (EST). Malic acid dehydrogenase 

activity was detected for both D. pachea and D. nigro

spiracula by incubating the gel slice in the following 

solution: 

100 ml. 0.1 M tris HC1 buffer 

25 mg. nitroblue tetrazolium 

25 mg. diphosphopyridine nucleotide 

25 mg. DL malic acid 

5 mg. phenazine methosulfate 

Alpha-naphthyl acetate specific esterase was detected 

in D. pachea by incubating the gel slice in the following 

solution: 

100 ml. 0.1 M sodium phosphate buffer pH 6.0 

2 ml. 1% (fc naphthyl acetate in water 

10 ml. n-propanol 

-4 
1 ml. 10 M eserine sulfate 

75 mg. Fast Blue RR salt 

Alcohol inhibits another esterase system on the gel and 

the eserine sulfate inhibits the cholinesterase band which 

enabled this esterase system to be reliably scored. 
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Alpha-naphthyl acetate specific esterase activity 

was detected in D. nigrospiracula by incubating the gel in 

the following solution: 

100 ml. 0.1 M sodium phosphate buffer pH 6.0 

2 ml. 1 fo cf naphthyl acetate in water 

2 ml. 1$ & naphthyl acetate in acetone 

1 ml. 10"^ M eserine sulfate 

5 ml. n-propanol 

75 mg. Past Garnet 

In this stain the n-propanol is necessary to slightly 

stimulate the esterase activity. 

The mobility position of each enzyme band was 

initially determined in relation to a control band from a 

monomorphic stock (A 214 for D. pachea and A 46.3a for 

D. nigrospiracula). During the course of this investigation 

both control stocks were lost. Without a monomorphic 

control, the mobility position of each allozyme was deter

mined in relation to the most frequent enzyme band. For 

example, the EST-2 allozyme of D. pachea migrates 2 mm. 

faster than the most common EST-3 allozyme, while EST-4 

migrates 3 mm. slower than EST-3 and EST-5 migrates 7 mm. 

slower than the EST-3 band which surves as a control. 

Each band was numbered according to the decreasing order 

of mobility from the anode (origin). To confirm the 

assumption that each enzyme band is produced by a separate 
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allele at a single locus, individual wild-caught D, pachea 

and D. nigrospiracula females were isolated in the labo

ratory and assayed with their offspring. 



CHAPTER 3 

RESULTS 

The ratios from isofemale lines of D, pachea and 

D. nigrospiracula were consistent with the hypothesis of 

Mendelian inheritance of multiple alleles at a single 

autosomal locus for both esterase and malic acid dehydro

genase enzyme systems. The results from the analysis of 

isofemale lines are given in Appendix A. 

Enzyme genotypes from field populations of both 

D. pachea and D. nigrospiracula did not deviate signifi

cantly from the numbers expected by the Hardy-Weinberg 

equilibrium,, There were no consistent deficiencies of 

heterozygotes which could indicate the presence of a 

"null" (no detectable enzyme activity) allele or excess 

of heterozygotes which could result from gene duplication of 

enzyme loci. The genotypic tables from which allele fre

quencies were calculated along with the numbers predicted 

by the Hardy-Weinberg equilibrium are given in Appendix 

B for D. pachea and Appendix C for D. nigrospiracula. 
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Drosophila pachea Populations 

Table 1 gives the allozyme frequencies and observed 

heterozygosities for both the EST and the MDH locus from 

populations of D. pachea. In every population, the major 

alleles (Est-2,-3,4; and Mdh-2,-3) are present in roughly 

the same proportion. There are no significant differences 

in MDH allele frequencies between the populations. One 

pair of populationsj, Organ Pipe National Monument and 

Empalme, are significantly different for the EST allozyme 

frequencies. Because the sample size for both of these 

populations is relatively low, sampling error could have 

contributed to the observed difference. 

No obvious correlations were observed between 

allozyme frequencies and environmental factors for either 

locus. However, by the use of principal component analysis 

Johnston (Rockwood-Sluss et al., 1973) found a correlation 

between patterns of EST frequency differences between pop

ulations and the alkaloid and sterol composition of the 

senita cactus (Kircher, 1969). As the concentration of 

sterols increased by a factor of two to five percent (dry 

weight) and as the concentration of alkaloids increased 

from three to eight percent (dry weight), Est-4,-5,-6 

increased in frequency and Est-1,-2, and ^3. decreased in 

frequency. This indicates that the differences in EST 

allele frequencies between populations are not random, 
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Table 1. EST and MDH allele frequencies and heterozygosities of 
D. pachea adults collected in the field . - - -
The ·numbers beside each collection site correspond to those in Figure 1. 

Collection Total EST alleles Hetero - Total MDH alleles Hetero-
Site Date Assayed 1 2 3 4 5 6 zygosity Assayed 1 2 1 3 4 zygosity 

1 Organ Pipe 
National 
Monument 2/69 52 .067 .817 .106 .010 .288 33 .045 .955 .091 

I 
2 Sonoita 3/69 63 .095 .754 .111 .040 .302 53 .028 .972 .057 

3 Rocky Point 11/68 83 .006 .108 .753 .133 .301 58 .060 .940 .086 

4 Santa Ana 1/69 111 .104 .725 .126 .036 .009 .405 .l 64 .031 .961 .008 .078 

5 Kino Bay 11/69 199 .115 • 719 .135 .025 .005 .432 29 .017 .983 .034 

6 Hermosillo 1/69 30 .017 .100 .667 .167 .033 .017 .533 30 .050 .950 .160 

T Gu_aymas 1/69 57 .061 .737 .184 .018 .439 77 .026 .974 .052 

8 Empalme 1/69 49 .010 .184 .633 .153 .020 .571 .· I 50 .02G .970 .010 .060 

9 Bacum 1/69 137 .120 .730 .124 .025 .438 114 .057 .943 .114 

10 Na.vojoa 1/69 84 .006 .089 • 738 .131 .036 .393 84 .006 .018 .976 .048 

11 Zaragosa 1/69 75 .013 .113 .673 .200 .480 56 .018 .982 .036 
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but are related to differences within the host plant. A 

relationship between allozyme variation and host plant 

is evident in the heterozygosities. The southern popula

tions correspond to the distribution of L. schottii var. 

tenuis (Figure 1). Southern populations are more hetero

zygous than the northern populations (EST .471; .3^6; 

MDH .078? .069)0 This increase in heterozygosity cor

responds with more ribs and a larger surface; volume 

ratio in southern senita. Ward et al„ (197^) hypothesized 

that the standard chromosomal sequence (7+) of D. pachea, 

which is fixed in the southern populations, may be adapted 

to narrow arms and increased number of ribs. 

EST allozyme frequencies appear to be stable 

throughout the year. No seasonal variation in allele 

frequencies was observed ©t the Santa Ana collection site 

(Table 2). To determine the amount of variation within 

local breeding sites, rot pockets were collected from 

several localities in January, 19&9* Frequencies from 

the adults reared from these rot pockets are given in 

Table 3. The five pockets collected at Guaymas are 

surprisingly different. Each rot pocket had been collected 

from a separate cactus, but all rots were collected within 

walking distance in the same senita stand. Results from a 

heterogeneity chi square analysis are shown graphically in 

Figure 3. The frequency of the adult population collected at 
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Table 2. EST allele frequencies and heterozygosities of 
D. pachea collected at Santa Ana, Sonora over 
a three year period. 

Collection Total EST alleles Hetero-
Date Assayed 1 2 3 4 5 6 zygosity 

1/69 111 .104 .725 .126 .036 .009 .405 

11/69 36 .125 .667 .167 .042 .583 

7/70 l4l .007 .074 .691 .177 .046 .004 .404 

8/71a 65 .177 .692 .131 .^77 

a Allele frequencies and heterozygosity obtained from 
adults which eclosed from a rot pocket, only five 
adults were collected in the field. 

Table 3. EST allele frequencies and heterozygosities of 
D. pachea adults reared from rot pockets. 

Site of Total EST alleles Hetero-
Rot Pocket Assayed 123456 zygosity 

Santa Ana 117 .073 .735 .162 ,017 .013 .436 

Hermosillo 58 .069 .690 .155 .052 .034 .586 

Guavmas 
231K 77 .123 .656 .201 .019 .455 
231F 64 .094 .672 .211 .026 .531 
231L 75 .073 .813 .107 .007 .373 
231N 73 .062 .740 .185 .014 .453 
231B 39 .077 .718 .179 .026 .513 

Bacum 75 .107 .720 .127 .047 .400 

Navojoa 
2331 50 .100 .660 .230 .010 .460 
233B 43 .l4o .686 .128 .047 .465 

Zaragosa 
WBH 54 .009 .120 .731 .111 .028 .463 
D 71 .106 .704 .162 .028 .535 



Figure 3. Heterogeneity chi square analysis of senita rot pocket populations 
collected at Guaymas. — 

The EST frequencies of the adult population swept in the field were used 
as the expected (H0). Although the heterogeneity chi square was not 
significant (n. s.), there was considerable variation between the larval 
populations brought into the laboratory. Each circle represents a single 
rot pocket population. The letters in the circle correspond to those in 
Table 3. Two of the rot pocket populations, K and L, were significantly 
different from the adults swept in the field. Most of the adults were 
swept from the L rot pocket. The scale at the bottom of the figure 
represents the approximate distance between cacti within the senita clump. 
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this site was used as the expected. Two of the five rot 

pocket populations were significantly different from the 

adult population swept in the field, 

Drosophila nigrospiracula Populations 

Table 4 gives the allele frequencies and hetero

zygosities for both the EST locus and the MDH locus from 

populations of D. nigrospiracula collected throughout the 

range. The date of collections latitude of collection 

site, and host plant from which the population was col

lected are also included. In every population, the major 

alleles (Est-2,-3,-4,-5; and Mdh-2,-3) are present in 

roughly the same proportion. There are significant dif

ferences between MDH frequencies for a few populations 

such as Altar and Kino or Organ Pipe National Monument and 

Tucson. The populations which are significantly different 

for their EST frequencies are separated by considerable 

distance; Empalme and Punta Prieta; and Wickieup and 

Punta Prieta. 

Significant correlations with environmental factors 

were found for both loci (Table 5). Est-3 was negatively 

correlated with the total number of individuals assayed 

for each site (< .1, t test sign considered). Est-6 

is positively correlated with total number of adults assayed 

(CC= .01, t test sign considered). Est-4,-5,-6 are cor

related with latitude and/or host. The distribution of 



29 

Table 4. EST and MDH allele frequencies and heterozygosities of 
b. nigrosEiracul a populations .--
The numbers beside each collection site correspond to those in Figure 2. 

Collection Lat- Total EST alleles Hetero- .Total MDH alleles Hetero-
Site itude Date Host Assayed 1 2 3 4 5 6 7 zy~osity Assaied 1 2 3 4 zigosity 

Arizona 
_,, 1 Wikieup 34.7 5/71 saguaro 42 .024 .381 .524 .060 .012 .643 37 .162 .838 .216 

2 Burro Creek 34.6 5/71 saguaro 60 .050 .442 .475 .033 .500 61 1164 .836 .230 
I -

3 N. Alamo Lake 34.4 5/71 saguaro 56 .063 .438 .438 .063 .446 57 .202 .798 .368 

4 w. Alamo Lake 34.2 5/71 saguaro 86 .o64 .477 .384 .064 .012 .570 87 .184 .816 .230 

5 Aguila 33.9 5/71 saguaro 53 .038 .491 .406 .066 .604 54 .194 .806 .278 

6 Chaco Sheep I 
.163 .837 Ranch 33.8 5/71 saguaro 42 .043 .488 .321 .119 .024 ,.643 43 .233 

7 Tucson 32.2 5/71 saguaro 99 .056 .460 .404 .071 .010 .475 100 .115 .885 .190 

8 Sells 31.9 5/71 saguaro 85 .065 .388 .465 .082 .600 87 ' .184 .816 .299 

9 Organ Pipe 
1.006 154 .789 Natl. Mont. 31.8 10/72 saguaro 90 .033 .444 .461 .056 .411 .211 .279 

MainlfJ.DQ. M~~j.QQ I 
10 Caborca 30.7 5/72 saguaro 117 .oo4 .073 .466 .402 .043 .013 .556 119 .181 .811 .008 .328 

11 Altar 30.7 8/71 saguaro 42 .131 .464 .357 .o48 .667 38 .039 .961 .079 

12 Kino 28. 9 11/69 card on 84 .095 .399 .417 .065 .• 018 .006 .583 84 .244 .756 .385 

13 Hermosillo 29.0 1/71 card on 41 .024 .476 .451 .049 .439 42 .095 .905 .191 

14 Empalme 27.9 3/73 card on 83 .012 .325 .627 .012 .024 .458 83a .006 .193 .801 .301 

15 San Carlos 27.6 3/74 car don 119 .063 .471 .420 .042 .oo4 .613 70 .136 .864 .214 
Baja California 

.194 16 Punta Prieta 28.9 2/73 car don 55 .027 .036 .527 ~364 .045 .545 31 .194 .806 

17 San Lucas 27.2 2/73 cardon 82 .006 .037 .500 .396 .043 .018 .561 71 .218 .775 .007 .394 

18 Loreto 26.0 2/73 card on 28 .018 .429 • 518 .036 .536 14 .179 .786 .036 .429 

19 Los Planes 24.o 3/69 card on 149 .027 .373 .534 .027 .037 .003 .497 121 .120 .880 .223 

a MDH frequencies from the 1/69 collection 



Table 5. Significant correlation coefficients between 
the allele frequencies and the latitude, host 
plant, monthly temperature, and total adults 
assayed. 

Mean Monthly 
Allele Latitude Host Plant Temperature^ Total Assayed 

Est-3 - - -.3325b 

Est-4 -.4513° .3486b -

Est-5 .5899e -.5587e -

Est-6 -.4o46c - - .5651' 

Mdh-2 

Mdh-3 

-.50l4d 

A9Q5d 

Temperature data for Arizona obtained from the U. S. 
Dept. Commerce Natl. Oceanic and Atmospheric Admin., 
Environmental Data Service; data for Mexico from 
Hastings and Humphrey (1969b); data for Baja California 
from Hastings and Humphrey (1969a). 
probability of a larger value of t, sign considered, = 
probability of a larger value of t, sign considered, = 
probability of a larger value of t, sign considered, = 
probability of a larger value of t, sign considered, = 

.1 

.05 

.025 

.01 
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cacti is a function of latitude; as the latitude increases, 

the frequency of cardon decreases and is lost (Figure 2). 

Altar EST frequencies were arbitrarily excluded from the 

analysis because the Est-2 frequency seemed unusually high, 

and this could bias the correlations. The Altar Est-3?-4, 

and ̂ 5 frequencies were in agreement with the observed 

correlations. Mdh-2 and j-3 are correlated with the mean 

monthly temperatures at the time of collection. These 

correlations indicate that for both loci the gene frequency 

differences betitfeen local populations are not random but 

are determined at least in part by the environmental 

heterogeneity between collection sites. 

Results of seasonal collections are given in Table 

6 for the EST locus and Table 7 for the MDH locus. Tucson 

collections x^ere used to detect seasonal changes in gene 

frequency,, Correlations obtained with the EST allozymes 

are given in Table 8. Est-2 and-5 are significantly cor

related with temperature. Est-2 is negatively correlated 

with the low monthly temperature, and Est-5 is positively 

correlated with the high monthly temperature. These allele 

frequency changes are not sufficient to produce significant 

differences between the seasonal populations, and none of 

the populations deviated significantly from the Hardy-

Weinberg equilibrium. Corresponding changes are seen in 

the Aguila population, but not in the Kino or Empalme 



Table 6. EST allele frequencies from seasonal collections in northern Arizona, 
Tucson, and Mexico. 

Mean 
Collection Monthly Total 
Site Date Temp. (°C) Assayed 1 

EST alleles 
2 3 4 7 

Hetero
zygosity 

N. Arizona 
Aguila 5/71 20 53 .038 .491 .406 .066 
Aguila 2/73 10 75 .060 .453 .433 .053 

Tucson 12/68 9 20 .075 .475 .425 .025 
Tucson 2/71 10 96 .063 .495 .365 .047 .031 
Tucson 4/71 17 52 .058 .385 .548 .010 
Tucson 5/71 20 99 .056 .460 .404 .071 .010 
Tucson 7/71 31 91 .005 .033 .451 .401 .099 .011 
Tucson 9/71 26 100 .035 .460 .430 .075 
Tucson 11/71 11 166 

CO 0
 

0
 •
 .048 .458 .458 .027 .006 

Tucson 5/73 23 64 .055 .438 .398 .102 .008 
Tucson 6/73 27 105 .062 .419 .433 0O76 .010 
Tucson 1/74 10 63 .103 .429 .429 .024 .016 
Tucson 2/74 12 47 .074 .479 .362 .074 .011 
Tucson 3/74 15 57 .009 .061 .421 .474 .018 .018 

Mexico 
Kino 11/69 19 84 .095 «399 .417 .065 .018 
Kinoa 11/70 19 79 .051 .468 .424 .051 .006 
Kinoa 12/70 15 98 .041 .464 .429 „06l .005 
Kinoa 1/71 14 45 .056 .467 .411 .045 .022 

Empalme 1/69 17 53 .075 .340 .472 .094 .019 
Empalme 3/73 20 83 .012 .325 .627 .012 .024 

a collected from the same rotting cardon 

.604 

.533 

.550 

.615 

.558 

.475 

.538 

.540 

.506 

.625 

.514 

.571 

.660 

.596 

.583 

.544 

.561 

.600 

.472 

.458 



Table 7. MDH allele frequencies from seasonal collections in northern 
Arizona, Tucson, and Mexico. 

Mean 
Collection Monthly Total MDH alleles Hetero-
Site Date Temp. (^C) Assayed 1 2 3 4- zygosity 

N. Arizona 
Aguila 5/71 20 54 .194 .806 .278 
Aguila 2/73 10 32 .219 .781 .250 

Tucson 12/68 9 45 .130 .859 .011 .217 
Tucson 2/71 10 109 .188 .807 .004 .349 
Tucson 4/71 17 51 .157 .843 .217 
Tucson 5/71 20 100 .115 .885 .190 
Tucson 7/71 31 92 .179 .821 .294 
Tucson 9/71 26 100 .167 .833 .253 
Tucson 11/72 11 151 .123 .877 .232 

Mexico 
Kino 11/69 19 84 .143 .857 .238 
Kinoa 11/70 19 79 .089 .911 .177 
Kinoa 12/70 15 99 .172 .828 .263 
Kinoa 1/71 14 39 .244 .756 .385 

Empalme 1/69 17 83 .006 .193 .801 .301 
Empalme 3/73 20 37 .095 .905 .191 

a collected from the same rotting cardon 
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Table 8. Correlation coefficients between the EST alleles 
and the high, mean, and low monthly temperatures 
in the Tucson population. 

EST Monthly Temperature (average) 
Allele Hi Mean Low 

2 -.4248® -.6669C -.750ld 

5 »7208d ,724od .6326b 

a probability of a larger value of t, sign considered = .1 
b probability of a larger value of t, sign considered = .025 
c probability of a larger value of t, sign considered = .01 
d probability of a larger value of t, sign considered = .005 



populations. Correlations with temperature evident for MDH 

from the geographical collections are consistent with the 

Aguila, Kino, and Empalme populations but were not sub

stantiated in the Tucson population. 

EST allozyme frequencies for larvae and reared 

adults from different rot pockets are given in Table 9 

according to their height on a rotting saguaro. Est-3 

is negatively correlated with total sampled from each rot 

pocket (<X= .1, t test sign considered), Est-5 is posi

tively correlated with total assayed (<£- .05, t test sign 

considered). The total assayed is a rough approximation of 

the density of larvae' in each pocket. In most cases, all of 

the larvae or reared adults were assayed. When larval 

populations were very dense; however, no more than 99 to 

100 individuals were run. 

Est-2 is significantly correlated with height 

(cC= .05» t test sign considered). The frequencies of Est-2 

tended to be higher in lower rots and in juice pools at the 

base of rotting saguaros. This correlation was not due to 

a gradient in temperature within the rot. Rot pocket 

temperatures were determined in the field in May and June 

by the use of thermocouples. The frequencies of Est-2 

correlated with height rather than temperature. The fre

quencies of Est-5 were consistent with temperature differ

ences within the rot. MDH allele frequencies from the 



Table 9. EST allele frequencies for rot pocket populations of D. nigrospiracula. 
0.0 = ground juice rot, r a = reared adults, 1 = larvae 

cactus #1 collected November, 1972, no species M in ground rot 
cactus #2 collected May, 1973* no ground rot present 
cactus #3 collected June, 1973* small rot, all larvae run 
cactus #4 collected June, 1973? species M present in ground rot 
cactus #5 collected December, i960, larvae from small section, adults from 

large 1 meter section 
cactus #6 collected January, 1974 from midsection of log 
cactus #7 collected November, 1974, samples taken along length 

Height of Stage Total EST alleles Hetero-
Sample (meters) Cactus Assayed Assayed 1 2 3 4 5 6 7 zygosity 

4 #1 1 64 .117 .500 .320 .055 .008 .734 
2 #1 1 85 .059 .441 .476 .024 .529 
1 #1 1 64 .008 .039 .445 .469 .023 .016 .609 
0.7 #1 1 110 .005 .109 .382 .4l8 .073 .014 .618 
0.0 #1 1 58 .086 .474 <•345 .086 .009 .690 
5 #2 r a 48 .031 .510 .406 .042 .010 .563 
3! 
3 

#2 1 61 .066 .508 <>385 .041 .590 3! 
3 #2 r a 46 .011 .043 .543 .337 .043 .022 .413 
2.5 #3 1 29 .034 .483 .448 .034 .552 
1.5 #4 r a 9° .028 o433 .489 .039 .011 .556 
1 #4 r a 60 .100 .508 .333 .058 .700 
o.oa #4 1 43 .105 .547 .326 .012 .012 .628 
o.oa #4 r a 48 .083 .427 *396 .083 .010 .563 
loga #5 1 83 .181 .524 .277 .018 .639 
loga #5 r a 85 .029 .424 .459 .082 .576 
log #6 1 41 .012 .134 .415 .402 .037 .659 

log (0.7) #7 1 100 .075 .420 .435 .060 .010 .540 
log 3 #7 1 101 .035 .465 .441 .050 .010 .495 
log (4) #7 1 99 .081 .460 .414 .051 .010 .005 .616 

a larvae and reared adults from same section of rot 
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rot pocket population analysis are given in Table 10. 

No correlations were observed with either height, tempera

ture, or total assayed. 

The genotypes from the adult populations swept 

over the rots were used as the hypothetical ratio and a 

heterogeneity chi square analysis was conducted to deter

mine the similarity between rot pocket populations within a 

single cactus. Results from this analysis are shown 

graphically in Figure 4. -There were differences between 

individual rot pockets and between larval and adult pop

ulations. EST allozyme frequencies in three of the five 

pockets analyzed within the single continuously rotting 

saguaro collected in November were significantly different 

from the adults swept over the rot (A). All three of the 

larval samples from the fallen log collected in November 

were significantly different from the adults swept; however, 

the rot pockets were not significantly different from each 

other (C). Only one of the five pockets sampled between 

two different cacti collected in late May and early June 

was significantly different from the adults swept (B). 

In general, the MDH allele frequencies were more similar 

between rot pockets. Two of the three pockets in the fallen 

log (C) were significantly different from the swept adults. 



Table 10. MDH allele frequencies for rot pocket populations of D. 
nigrospiracula. — 0.0 = ground ^uice rot, r a = reared 
adults, 1 = larvae 

cactus #1 collected November, 1972, no species M in ground rot 
cactus #4 collected June, 1973* species M present in ground rot 
cactus #5 collected December, i960, larvae from small section, 

adults from large 1 meter section 
cactus #7 collected November, 1974, samples taken along length 

Height of Stage Total MDH alleles Hetero-
Sample (meters) Cactus Assayed Assayed 2 3 4 zygosity 

4 #1 1 65 .146 .854 .262 
2 #1 1 83 .193 .807 .193 
1 #1 1 64 .125 .875 .219 
0.7 #1 1 110 .l4l .854 .005 .273 
0.0 #1 1 59 .169 .831 .271 

1.5 #4 r a 79 .152 .842 .006 .215 
1 #4 r a 62 .145 .855 .226 
0.0 #4 r a 52 .154 .846 .269 

log? #5 1 32 .203 .781 .015 .313 
log® #5 r a 87 .126 .874 .207 

log (0.7) #7 1 101 .213 .782 .005 .297 
iog (3) #7 1 101 .193 .807 .307 
log (4) #7 1 100 .125 .865 .010 .230 

a larvae from small section, adults from large section from same site 



Figure 4. Heterogeneity chi square analysis of saguaro 
rot pocket populations collected from the 
Tucson area. 

The frequencies of the adult swept population were 
used for the expected (H0). The scale in each section 
represents the height of a rot pocket from the ground 
(A and B) or the distance between rot pockets in the fallen 
log (C). 

A. This cactus corresponds to cactus #1 in Tables 
9 and 10, collected in November. The larvae from the rot 
pockets were analyzed. None of the rot pockets were sig
nificantly different from the adults swept for MDH 
frequencies; their alpha levels were not shown. The MDH 
heterogeneity chi square was nonsignificant (n. s»). 
The heterogeneity chi square was significant for the EST 
frequencies. Three of the five rot pocket populations 
were significantly different for EST. 

B. These cacti correspond to cacti #2 and #4 in 
Tables 9 and 10, collected in late May and early June. 
The reared adults were assayed from the rot pockets. 
None of the rot pockets sampled were significantly dif
ferent from the adult swept population for their MDH 
frequencies; their alpha levels are not shown. The MDH 
heterogeneity chi square was not significant (n. s.). 
Only one or the five rot pocket populations was sig
nificantly different for EST. The EST heterogeneity chi 
square was nonsignificant (n. s.). 

C. This fallen lo°; was collected in November 
and corresponds to cactus #7 in Tables 9 and 10. 
Larvae were assayed from the rot pockets. For the MDH 
allele frequencies, two of the three rot pockets were 
significantly different and the MDH heterogeneity chi 
square was significant (oC>.05). The heterogeneity chi 
square of the EST frequencies was not significant (n. s.). 
All three of the rot pocket populations were significantly 
different for EST. 
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Figure 4. Heterogeneity chi square of saguaro rot pockets . 
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Bm&QEhila nisrospljajmlg. Laboratory 

Experiments 

EST allozyme frequencies appear to be responding 

to changes in temperature in the field. This response 

was tested in the laboratory. The results from the first 

two temperature experiments are given in Table 11„ A 

significant positive response was observed in both tests 

as the Est-2 allozyme increased in frequency with increased 

temperature (Figure 5)° Genotypes from one sample, 24°C 

(A), significantly deviated from the expected Hardy-Weinberg 

equilibrium., This deficiency of heterozygotes was most 

likely the result of combining offspring from all six 

vials. All of the individuals which eclosed from these 

vials and survived to maturity (one week) were assayed 

electrophoretically. Est-3 was negatively correlated with 

total ( »05j t test sign considered). Est-4 also corre

lated with total; however, this correlation was positive 

( cC = .025, t test sign considered). 

Table 12 gives the results of the third temperature 

experiment. Again, the frequency of Est-2 is significantly 

different between the two temperatures (of = .025, t test 

sign considered). The response to temperature is negative. 

At lower temperatures the frequency of Est-2 is higher. 

This is in agreement with the seasonal allele frequency 

changes observed in the field (Figure 6). Est-5 is also 



Table 11. EST allele frequencies of adults reared from banana 
medium at different temperatures. — 
Temperature experiments 1 and 2 

Temperature Total EST alleles Hetero
(°c) Assayed l 2 3 4 5 6 zygosity 

30 #1® 92 .005 .109 .380 .451 .054 .630 
30 #2b 43 .105 .442 .430 .023 .767 

28 #1 133 .094 .353 .481 .071 .466 
28 #2 22 .091 .523 .386 .636 

24 #lc 63 .032 .508 .429 .024 .008 .333 
24 #2 124 .065 .460 .452 .024 .524 

20 #1 64 .016 .414 .391 .180 .719 
20 #2 32 .031 .547 .391 .031 .719 

15 #1 30 .017 .683 .283 .017 .600 
15 #2 111 .036 .536 .378 .036 .014 .541 

a founder 
population 166 .003 .048 .458 .458 .037 .006 .506 

15 founder 
population 105 .062 .419 .433 .076 .010 .514 

c genotypes significantly different from Hardy-Weinberg equi
librium G0.005 
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Table 12. EST allele frequencies of adults reared from rotting 
saguaro cactus medium at different temperatures. — 
Temperature experiment 3; c - cotton, d = dirt 

Temperature Total EST alleles Hetero-(°c)  Bottle Assayed 1 2 3 4 5 6 zygosity 

28 Ac 115 .048 .370 .557 .026 .522 
28 Be .138 .015 .533 .351 .101 .587 
28 Cc l6l .106 .394 .438 .056 .006 .627 
28 Dda 103 

o^ •=t 0
 •
 .053 .461 .325 .112 .718 

28 Ed 64 

o^ •=t 0
 •
 

.070 .320 .508 .094 .008 .578 
28 Fd 83 .024 .428 .470 .066 .012 .627 

20 Gda 148 .007 .081 .473 .361 .061 .017 .561 
20 He 128 .113 .523 .305 .047 .012 .648 
20 Ida 62 .097 .508 .315 .081 .629 
20 Jca 131 .008 .160 .282 .492 .034 .023 .649 
20 Kc 117 .004 .103 .355 .474 .026 .038 .692 
20 Ld 159 .063 .116 .406 .409 .006 .698 

a genotypes significantly different from the Hardy-Weinberg equi
librium oc>.005 
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significantly different between the two temperatures 

(Of = .05, t test sign considered). This is also in agree

ment with observed frequency changes, in the Tucson population 

(Figure 7). Three of the six bottles held at 20°C were 

significantly different from Hardy-Weinberg expectations, 

only one of the six bottles held at 28°C was significantly 

different. No differences were observed between bottles 

containing dirt or cotton. 

There are two obvious differences between these 

temperature experiments; 

1. laboratory media vs. naturally rotting cactus 

2. selection on larvae vs. selection on adults 

as well as larvae. 

Changes observed in the Tucson population are either caused 

by selection primarily on the adult stage or by a temper

ature-rotting cactus interaction to which larvae and/or 

adults are responding. This interaction may have been 

identified recently (Starmer et al., manuscript in pre

paration). Pichia membranaefaciens, the major yeast source 

utilized by D. nigrospiracula, has a negative correlation 

with temperature. As the temperature increases, the con

centration of this yeast decreases within the rot. 

Some factor other than temperature may have caused 

the results obtained from the first two temperature exper

iments. For example, the humidity was not controlled in 
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Figure 7. A plot of the Est-5 allele frequencies in Tucson field 
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temperature experiment with temperature. — 

The dots represent the Est-5 allele frequencies of a field collection 
with the mean monthly temperature for the time of collection. The x 
represents the Est-5 allele frequency in each of the bottles at either 
20°C or 28°C from the third temperature experiment. 
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the first two experiments. In the third experiment, it 

approached 100$ due to the quantity of juice held in the 

bottom of each bottle. 

An experiment was conducted to test the desiccation 

resistance in larvae,, The results from this experiment 

are given in Table 13. Since only a few larvae were 

analyzed at any one time in the desiccant, and each run 

was terminated when most of the larvae were dead in any 

one can, the alive sample is not an absolute measure of 

desiccation resistance. A total of 33^ individuals were 

analyzed. There was a significant increase in the frequen-

cy of Est-2 with survival time (Figure 8). Est-5 individ

uals died early or survived. No pattern was observed for 

any of the other alleles. All of the larvae samples were 

in Hardy-Weinberg equilibrium except those which died after 

105 minutes. This sample was significantly different from 

the Hardy-Weinberg equilibrium ((f > .01) with an excess of 

heterozygotes. 

Selection for desiccation resistance probably 

confounded the first two experiments, so that a temperature 

response was not being measured. Resistance to desiccation 

could explain the correlation of Est-2 with height in the 

cactus. The Est-2 frequency is higher in the ground rots 

which are less predictable and more subject to drying. 

Species M has been shown to be more resistant to desiccation 



Table 13- EST allele frequencies of larvae from the desiccation 
experiment. 

Time Until Death 
in Desiccator 
(minutes) 

Total 
Assayed 1 2 

EST 
3 

alleles 
4 5 6 7 

50 52 .038 .500 .346 .096 .019 

60 40 .075 .425 .350 .138 .013 

70 8i .031 .488 .426 .049 .006 

8o 25 .120 .460 .380 .040 

90 47 .011 .149 .447 .330 .053 .011 

105 16 .094 .500 .344 .031 .031 

125 13 .269 .346 .269 .115 

alive 60 .142 .408 .350 .100 
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than D. nigrospiracula (J. S. Johnston, Baylor University, 

personal communication) and this species is known to 

breed selectively in the ground rots. 

Summary of Results 

In order to summarize the differences observed 

between rot pocket populations, seasonal populations col

lected at a single site and geographic populations collect

ed across the range of D. nigrospiracula and D. pachea, 

two measures will be used: a genetic distance estimation, 

and the coefficient of variation. The genetic distance 

measurement expresses allele frequency differences between 

paired populations as a single value. This simplifies the 

comparison between populations. The coefficient of varia

tion (CV) can determine where there is the greatest fluctu

ation in gene frequency. G„ B. Johnson (1973a) used the 

heterogeneity of variances among loci of D. willistoni as 

evidence against the neutrality of allozymes. He hypothe

sized that enzymes which do not show heterogeneity in allele 

frequency variances are consistent with neutrality or with 

heterotic selection. Lewontin and Krakauer (1973) used 

heterogeneity between loci of inbreeding coefficients as 

evidence for selection on enzyme loci in human populations. 

Nevo (1973) used the same method to hypothesize differential 

selection on enzyme groups of the fossorial rodent. 
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The coefficient of variation should be useful in 

describing patterns of allele frequency variation. If 

variation in allele frequency is determined by random 

processes, the variation will increase with increasing 

complexity of population structure. The differences seen 

between separate larval populations at a single site 

would be due to local founder effect. This variation 

should be increased within a population collected at 

different times and between widely separated populations 

collected at different times. Selection should produce 

a different pattern of variation between loci and between 

each allele at a single locus. For example, if temperature 

were determining an allele frequency, seasonal populations 

would be more variable than widely separated populations 

collected at the same time of the year. The CY should be 

a measure of selection intensity. As selection pressures 

increase, allele frequencies between subdivisions within the 

population stabilize. Migration rate between neighboring 

populations and population size could cause variation in 

a spatio-temporal distribution of allele frequencies, but 

they would have the same effect on each locus. 
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Rogers' Genetic Distance Measurement 

Rogers' method (1972) is used to estimate the genetic 

distance between populations,, It uses the Pythagorean 

theorum to calculate the geometric distance between allele 

frequency vectors of the two populations being compared. 

The value for populations x and y is 

T Ai Pi 1/2 
i. (Pijx " Pijy) J 

l» J —J-

where A^ is the number of alleles at the ith locus, and 

Pijx and Pijy are frequencies of the jth allele at the 

ith locus in population x and population y respectively. 

A unit difference in frequencies between two populations 

is independent of the range of frequencies in which it falls. 

This is an important consideration when comparing rot pocket 

populations with regional populations. The minimum value 

is zero which is reached when both populations have identi

cal frequencies. The maximum value when both populations 

©re fixed for alternate alleles is the square root of two. 

A comparison is more convenient if the distance varies from 

zero to one so each distance is divided by the square root 

of two. Then for one locus the distance would be: 

r c>~\ 
D st 1/2 5*. (Pijx ~ Pijy) 

L 3=1 J 



The matrices of genetic distance are included in 

Appendix D. The average genetic distances for the rot 

pocket, seasonal, and geographic populations of D. nigro-

spiracula and D. pachea are given in Table l4. All of the 

populations are similar. The genetic distance determined 

from MDH allele frequencies of D. nigrospiracula increases 

progressively with increasing temporal and spatial separation. 

An identical pattern is observed for the EST locus of D. 

pachea and D. nigrospiracula. The average genetic distance 

between rot pockets within a single cactus (saguaro) or 

clump (senita) is slightly greater than the average distance 

between adult populations collected across the range. The 

genetic distance between rot pocket populations collected 

in different seasons or different localities are slightly 

less than between rot pocket populations at a local site. 

The seasonal populations at a single locality are the most 

similar. The average genetic distance between the bottle 

populations in the third temperature experiment was 0.121 

j\006. This increased distance could be caused by founder 

effect. However, 75 adults were placed in each bottle and 

this is not an unreasonable number of adults to parent a 

local larval population within a rot pocket. Another 

hypothesis could be that selection is operating within the 

host plant to stabilize allele frequencies. 
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Table 14. Rogers' genetic distance estimates for EST 
and MDH frequencies between populations of 
D. nigrospiracula and D. pachea, — 
Data is only available on the MDH frequencies 
for regional populations of D. pachea 
(.020 +.000) 

Population D. nigrospiracula D. pachea 
Level MDH EST EST 

single rota .033^.006 .088+.011 .070+.012 

all rot 
pockets .035-.003 .O83+.OO3 .061+.003 

s6asonal ct*fc 
single site ,040±.006 .065^.003 .058+.006 

across range. .056+.003 .087-.003 .06l±.004 

a saguaro rot #1 for D. nigrospiracula (tables 9 and 10) 
and the Guaymas clump of senita for D. pachea (table 3) 

b D. nigrospiracula populations sampled at Tucson, 
D. pachea populations sampled at Santa Ana 
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Figures 9 and 10 give a dendrograph (McCammon and 

Wenninger, 1970) of Rogers' EST genetic distance estimates 

for the regional populations of D. pachea and D. nigrospi-

racula. The results from the clustering analysis from 

which the dendrographs were constructed are given in Ap

pendix D. This clustering analysis shows that there is no 

regional differentiation evident for either D. pachea or 

D. nigrospiracula. The most different population for both 

species is Empalme. Populations which are separated by 

short geographic distances may be separated by "large" 

genetic distances; for example: Empalme and Guaymas or 

San Carlos. There appears to be a general similarity 

between populations located at the limits of distributions; 

for example: Hermosillo and Zaragosa, the northern and 

southern limits of the distribution of L. schottii var. 

tenuis; and Wikieup and Los Planes5 the northern and 

southern limits of D. nigrospiracula. There is no expla

nation for these apparent relationships. 

The dendrographs resulting from the MDH distance esti

mates are given in Figures 11 and 12 for D. pachea and D. 

nigrospiracula. There is no evidence of regional differen

tiation, or decreasing genetic similarity with distance. The 

clustering pattern does not correspond to known environmen

tal or demographic variables. The relationships between 

populations are different for each locus. 



Figure 9. Dendrograph of Rogers' genetic distance 
estimates between collection sites of 
D. pachea based upon EST frequencies. 

The within group distance is given on the hori
zontal line connected to each population. The between 
group distance is represented as the length of the verti
cal line between two adjacent populations. The results 
of the clustering analysis from which this dendrograph 
was constructed are given in Table D2. 
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Rogers' Genetic Distance Estimates 

D. pacheo - EST 

Kino 
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Sonolta 

Rocky Point 

b-i 

Guoymao 

Organ Pipe 

Hermosillo 

Zarogosa 

Empolme 

Figure 9. Dendrograph of Rogers1 genetic distance 
estimates between collection sites of D. pachea 
based upon EST frequencies. 



Figure 10. Dendrograph of Rogers' genetic distance 
estimates between collection sites of 
D. nigrospiracula based upon EST fre
quencies. 

The within group distance is given on the hori
zontal line connected to each population. The between 
group distance is represented as the length of the verti
cal line between two adjacent populations. The results 
from the clustering analysis from which this dendrograph 
was constructed are given in Table D4. 
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Rogers' Genetic Distance Estimates 
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Figure 10. Dendrograph of Rogers' genetic distance 
estimates between collection sites of D. 
nigrospiracula based upon EST frequencies. 



Figure 11. Dendrograph of Rogers' genetic distance 
estimates between collection sites of 
D. pachea based upon MDH frequencies. 

The within group distance is given on the hori
zontal line connected to each population. The between 
group distance is represented as the length of the verti
cal line between two adjacent populations. The results 
of the clustering analysis from which this dendrograph 
was constructed are given in Table D6. 
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Figure 11. Dendrograph of Rogers' genetic distance 
estimates between collection sites of D. pachea 
based upon MDH frequencies. 



Figure 12. Dendrograph of Rogers' genetic distance 
estimates between collection sites of 
D. nigrospiracula based upon MDH fre
quencies. 

The within group distance is given on the hori
zontal line connected to each population. The between 
group distance is represented as the length of the verti
cal line between two adjacent populations. The results 
of the clustering analysis from which this dendrograph 
was constructed are given in Table D8. 
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Figure 12. Dendrograph of Rogers' genetic distance 
estimates between collection sites of D. 
nigrospiracula based upon MDH frequencies. 
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Coefficient of Variation 

The coefficient of variation (CV) is a simple method 

to compare the amount of variation in populations which 

have different means. It is the standard deviation (s) 

expressed as a percentage of the mean (x): 

x 

The CV is given for each of the major MDH alleles of D. 

nigrospiracula along with the total in Table 15. Only the 

major allozymes are used for comparison because they were 

present in all samples. The geographic populations were 

subdivided into regions: Arizona, Sonora, and Baja, 

California. The CV for MDH progressively increases from 

populations within a single rot to the regional populations. 

The greatest variation is observed between Sonoran popula

tions. These collections were made over an extended period 

of time while most of the Baja and Arizona populations were 

sampled at the same time. The CV for Mdh-2 is two and one-

half times greater between Sonoran populations than between 

seasonal collections at Tucson collected over the same 

period of time. Arizona populations breed almost exclu

sively on saguaro and Baja populations breed exclusively 

on cardon. Sonoran populations were collected in the region 

where both hosts are sympatric. Increased variation in this 

region could be related to host plant variation. 
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Table 15. A comparison of the coefficients of variation 
for the major MDH alleles from D. nigrospiracula 
populations. 

Coefficient of Variation (percent) 
Population Mdh-2 Mdh-3 Total 

Rot Pocket 
Cactus #la 17.1 3.1 20.2 

All rots 19.2 3.5 22.7 

Seasonal 
Tucson 19.9 3.7 23.6 

Regional 
Arizona 16.3 3.5 19.8 

Sonora 49.8 8.9 58.7 

Baja 23.4 5.8 29.2 

a collected November, 1972 (Table 9) 
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A similar increase in variation is observed at the 

EST locus of D. nigrospiracula in the Sonoran region 

(Table 16). The total CV for the major alleles as well 

as the individual CV for the Est-2 and ̂  alleles is great

est in this region,. Each of the alleles does not follow 

the same pattern. The CV of Est-4 seems to correspond 

to variation within and between host plants. The varia

tion between rot pocket populations within a single rot

ten saguaro was greater than between seasonal or regional 

collections in Arizona. Est-4 was correlated with host 

plant (Table 5) and its CV increased in Baja and Sonora. 

Est-5 is most variable between the Tucson seasonal col

lections. This is consistant with selection by temperature 

evidenced in the third temperature experiment. Excluding 

Sonoraa the most variation for Est-2 was between rot pockets 

collected in different seasons. This is consistent with 

selection by a temperature-cactus interaction which was 

evidenced in laboratory experiments. Est-3 is the least 

variable of all the alleles. The CV between rot pockets 

is the same whether collected from a single saguaro or 

from seasonal rots. The CV between adult populations is 

the same whether collected regionally or seasonally in 

Arizona. This is the only allele which is most variable 

between the Baja, California populations. 
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Table 16. A comparison of the coefficient of variation 
for the major EST alleles from D. nigrospiracula 
populations. 

Coefficient of Variation (percent) 
Population Est-2 Est-3 Est-4 Est-5 Total 

Hot Pocket 
Cactus #1 40.2 9.8 17.5 54.4 121.9 

All Rots 56.6 10*0 15.2 46.1 127.9 

Seasonal 
Tucson 31.0 6.8 11.8 60.4 110.0 

Regional 
Arizona 23.2 7 A  12.3 35.4 78.3 

Sonora 66.8 13.9 21.1 40.2 142.0 

Baja 30.1 15.3 18.9 21.6 85.9 

a collected November, 1972 (Table 9) 



The CV for rot pocket populations of D. nigrospira-

cula collected in November and May is given in Table 17 

along with the CV between the bottle populations of the 

third temperature experiment. The same pattern for Est-2 

and Est-5 seen in rot pockets sampled from the field at 

warm and cool temperatures was evident in the bottle pop

ulations „ Est-2 was correlated with low temperatures and 

is less variable at low temperatures. Est-5 was corre

lated with high temperatures and is less variable at high 

temperatures„ This is evidence that selection is strongest 

and the allele frequencies between rot pockets are stabi

lized at temperature extremes. 

For the EST locus of D. pachea, the largest total 

coefficient of variation is found for seasonal collections 

(Table 18). Both Est-2 and ̂  are more variable in the 

seasonal collections at Santa Ana, Est-3 is more variable 

between rot pocket populations within a single clump. 

Est-4 was most variable for rot pocket populations col

lected from several separate localities; however, the rot 

pocket populations from a single clump of senita are more 

variable than the geographic populations. This is consis

tent with the hypothesis that selection within the host plant 

is determining the D. pachea allele frequencies. Seasonal 

variation for Est-2 and -jj was not correlated with temper

ature or precipitation. 
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Table 17. 

Population 

A comparison of the coefficients of variation 
for rot pocket populations of D. nigrospiracula 
collected at high and low temperatures with 
laboratory populations from the third temper
ature experiment. 

Coefficients of Variation (percent) 
Est-2 Est-3 Est-4 Est-5 Total 

Rot Pocket 
May 

November 

Laboratory 
28°C 

20°C 

57.5 9.5 15..2 36.4 102.2 

39.7 8.0 13.4 41.1 118.6 

62.4 17.8 20.3 42.7 143.2 

24.0 22.2 20.2 62.4 128.8 

Table 18. A comparison of the coefficients of variation 
of the major EST alleles in D. pachea populations. 

Coefficients of Variation (percent) 
Population Est-2 Est-3 Est-4 Est-5 Total 

Hot Pocket 
Guaymas 27.7 8.7 23.2 42.4 102.0 

All sites 24.5 3.8 25.4 49.7 103.4 

Seasonal 
Santa Ana 36.2 3.4 17.0 81.7 138.3 

Regional 30.7 6.9 21.0 63.8 122.4 



CHAPTER 4 

THE MAINTENANCE OF POLYMORPHISMS 

A polymorphism may be arbitrarily defined as the 

coexistence of two or more genotypes in a population such 

that the most common type is maintained at a frequency of 

0.95 or less. Polymorphisms can be maintained in natural 

populations by various means: a combination of mutation, 

migration and gene flowj epistatic interactions between 

genes selected as a block? or selection at a single locus. 

Many models have been proposed to explain the action of 

selection at a single locus to maintain variation. These 

include marginal overdominance or heterosis, frequency 

dependent selection, density dependent selection, and 

differential selection due to environmental heterogeneity. 

Heterosis is the superiority of the heterozygous 

genotype when compared with the corresponding homozygotes. 

It was described in natural populations at a malic de

hydrogenase locus of Daphnia magna (Hebert et al., 1972) 

which was due to increased fecundity of heterozygous females. 

The importance of heterosis in natural populations of 

Fundulus heteroclitus has been described (Mitten and 

Koehen, 1975). Heterozygous males showed superior 
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viability in normal and artificially heated environments. 

Marinkovic and Ayala (1975) identified heterosis in fitness 

for malic enzyme and phosphoglucomutase loci of D. pseudo

obscura., The fitness of the heterozygote was equal to that 

of the superior homozygote for two fitness parameterss 

fecundity and egg to adult survival. Neither homozygote 

was superior for both. When these fitness parameters are 

considered togethers the heterozygote is most fit. This 

was described as marginal overdominant heterosis after 

Wallace (1968). 

There is considerable biochemical evidence from 

specific activity measurements that enzyme heterozygotes 

are intermediate in function (for review see Gillespie and 

Langley, 197^). After heat treatment of larval extracts; 

however* the alcohol dehydrogenase heterozygotes of D. 

melanogaster possess the highest remaining activity (Gibson, 

1970). Therefore, heterosis may be a condition within a 

given stressful environment rather than a property of the 

enzyme in a test tube. The conditional heterosis identi

fied at an octanol dehydrogenase locus of D. pseudoobscura 

(Wills and Nichols, 1972) was not confirmed after sub

sequent inbreeding (Wills et al„, 1975). He hypothesized 

marginal overdominance for the EST-5 and ODH loci. Homo-

zygotes were superior in some conditioned media but not in 

others. If averaging across a spatially and temporally 
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varying environment, the heterozygote may appear to be 

advantageous. Heterosis and more specifically marginal 

overdominance is probably important in D. nigrospiracula 

and D. pachea populations. The fitness of genotypes 

appears to vary with changes in the environment and the 

population; however, there is no evidence for heterosis. 

The isoenzyme hypothesis, ecological polymorphism 

hypothesis (selection due to environmental heterogeneity) 

and the frequency or density dependent selection hypothesis 

will be discussed in detail in relation to the data from 

D. nigrospiracula and P. pachea populations,. To be rele

vant to natural populations, each model must be consistent 

with the species specific population structure, dispersal 

ability, reproductive potential, and ecology. Each model 

must explain the similarity of allozyme frequencies across 

wide distances, and allow significant differences in allele 

frequencies within a single locality. It must be consistent 

with clines and seasonal patterns of variation. 

Isoenzyme Hypothesis 

This model (Kimura and Crow, 1964) was discussed 

briefly in the introduction. It hypothesizes a combination 

of mutation, drift, and gene flow for the maintenance of 

variation without selection. The original stepping stone 

model of population structure with decreasing genetic 

correlation with distance (Kimura and Weiss, 1964) was 



modified from one dimension to two dimensions with high 

migration (Kimura and Maruyama, 1971) which should pro

duce similar frequencies between even widely separated 

populations. This model may be theoretically sound, but 

it takes the fun out of studying the dynamics of variation 

in natural populations» There is no "ah, Hal"- no sense 

of discovery,. Possibly for these reasons as well as for 

any others, investigators grudgingly apply this model. 

D. ananassae populations in the Pacific Islands (F. M. 

Johnson et al., 1969; Johnson, 1971) revealed greater 

divergence of allele frequencies with increasing geographic 

distance. Environmental differences were assumed to be 

greater between widely separated populations than between 

more proximal populations.."ah, Hal" 

The distribution of D. nigrospiracula extends across 

geographical and ecological barriers which should regionally 

restrict gene flow. If isolation by distance is almost 

complete between regions then regional differentiation of 

gene frequencies is possible (Kimura and Ohta, 1971)s and 

the cline evidenced for the Est-44-5* and allozymes with 

latitude and/or host plant could be explained by the neu

tralist theory. The dendrographs based upon Rogers' coef

ficient of genetic distance for both D. pachea and D. 

nigrospiracula indicate that populations are not differenti

ated upon a regional basis. Therefore, it is not probable 
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that the correlations are the result of migration between 

two semi-isolated and differentiated regions. Clines, 

however, are not conclusive evidence against the neutralist 

theory. 

If isolation were sufficient to produce differen

tiation in allele frequencies at one locus, a similar 

difference would be expected at other loci. This is not 

the case in P. nigrospiracula populations . Those popula

tions which were significantly different for their MDH 

allozyme frequencies were not significantly different for 

EST frequencies. It was evident in the D. pachea study 

that one population, Rocky Point, was highly inbred (Rock-

wood-Sluss et al„, 1973). There was a loss of Est-5 

which varied in frequency seasonally, but the frequencies 

were similar to those of the other localities„ The Aguila 

sample (February, 1973) of D. nigrospiracula was collected 

at one site which included three rotting saguaros. No 

adults were seen on any of the other northern rots examined. 

The cold winter temperatures reduce the numbers of individ

uals in the field at the northern limits of the range. 

The frequency of alleles within that population was not 

significantly different from the May collections at the 

same site. Wei et al. (1975) discussed the effects of 

bottlenecks on the genetic variability of a population. 

They predicted a loss of alleles in relation to the size 
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of the bottleneck but not a decrease in heterozygosity if 

the bottleneck is followed by a rapid increase in the 

population. A rapid increase would be expected in both 

D. pachea and D, nigrospiracula populations; therefore, 

these populations are not conclusive evidence against the 

neutralist theory. 

Seasonal correlations are more impressive evidence 

against the neutralist theory than are geographic clines. 

Conclusive evidence that the EST allozymes are not neutral 

is from seasonal frequency changes observed in the Tucson 

population as well as correlations with height in rotting 

saguaros which have been reproduced in the laboratory 

temperature and desiccation experiments. In general, the 

MDH allozyme frequencies in D. nigrospiracula populations 

are consistent with predictions of the neutralist theory. 

The genetic distance and coefficient of variation increase 

steadily from the populations within a single rot to the 

populations separated temporally and spatially. The D. 

nigrospiracula populations are more variable for the MDH 

locus than are the D. pachea populations. This could be 

the result of the larger population size and wider range of 

D. nigrospiracula independent of any host plant relation

ship. The correlation between MDH alleles and monthly 

temperature in the regional collections and at Aguila and 

Kino was not evident in the Tucson population. Until 
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conclusive laboratory studies relate allele frequency 

changes with temperature differences, it must be concluded 

that the variability maintained at this locus is neutral* 

Ecological Polymorphism Hypothesis 

An ecological polymorphism is an adaptive system 

based on a permanent habitat diversity within populations 

in which each phenotype is superior to others in some 

environmental phase or niche (Levenes 1953? Levins, 1963s 

1964, 1965s 1968). The relationship between electrophoretic 

polymorphism and habitat diversity has been shown by several 

investigators., Levington (1973) found that heterozygosity 

and number of alleles per locus are negatively correlated 

with depth of habitat in sediment of the marine bivalvia 

(Mollusca)o Environmental variation in salinity and other 

ecological parameters also decreased with depth„ Geographic 

heterozygosity variation was analyzed in relation to within 

year environmental variability based on climatic data 

(Bryant, 197^)» D„ pseudoobscura9 D, melanogaster, D. 

willistoni 3 Pogonomyrmex barbatus, Limulus polyphemus, 

Mus muscuius, Sigmodon hispidus and Peromyscus polionotus 

were analyzed. Approximately 70% of the geographic varia

tion in heterozygosity of allozyme loci was accounted for 

by measures of temporal environmental variation* Selander 

and Kaufman (1973) compared the levels of heterozygosity 

of allozyme variability in populations of vertebrates and 
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invertebrates. They concluded that the differences in 

heterozygosities were not consistent with population size 

or dispersal ability (gene flow) but were predicted by 

Levins' theory of adaptation to environmental heterogeneity. 

An effective measure of environmental heterogeneity for 

D. pachea may be the differences between senita in the north

ern and southern populations (Figure 1). The southern 

populations breeding on L. schottii var. tenuis were more 

heterozygouso 

Gillespie and Langley (197*0 presented a model for 

the maintenance of electrophoretic polymorphisms in a 

temporally and spatially varying environment, based upon 

the intermediacy of heterozygotes. They concluded that 

environmental heterogeneity can lead to genetic polymorphism 

providing that the variance in the environment is suffi

ciently largeo A stable polymorphism is produced by en

vironmental heterogeneity when differences between niches 

are greater than the individual tolerance or homeostasis 

but not so great that discontinuities within the niche 

produce destabilizing selection. Are there sufficiently 

different conditions between rot pockets to produce an 

ecological polymorphism? The differences which Kircher 

(1969) found between old and young arms, and cortex and 

epidermal tissue were nonsignificant, but they were as 

great as the differences found between geographically 
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separate cacti. Simultaneous temperature readings between 

saguaro rot pockets have revealed differences of 10°C. 

Significant differences were obtained between populations 

in the laboratory with temperature differences of 8°C. 

Differences in the numbers and frequency of yeasts have 

been reported between rot pockets of the saguaro cactus 

(Starmer et al. s 1975)= Differences in pH between rot 

pockets have ranged from 5°5 9°5 (Starmers personal 

communication). These differences should be sufficient 

to produce an ecological polymorphism,, 

Are allozymes adapted to these differences? EST 

allozyme frequency differences were correlated with the 

chemical composition of the senita cactus„ The frequency 

of Est-5 was correlated with temperature differences within 

a saguaro rot. The concentration of the yeast Pichia 

membranaefaciens in saguaro rot pockets was found to be 

negatively correlated with temperature (Starmer et al.s 

1975)• The temperature of any single rot pocket varies 

with its position on the trunk in respect to the sun9 and 

on the presence or absence of surrounding vegetation. The 

frequency of yeast species does not follow any particular 

pattern In relation to the position of the rot within the 

saguaro cactus. The only consistently different niche 

identifiable at this time may be the ground juice pool vs. 

cactus tissue rot. The Est-2 allozyme which may have a 
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selective advantage within this niche (desiccation resis

tance) is significantly correlated with height in the cactus. 

This is the only niche difference which seems to be asso

ciated with height. 

Levins1 theory predicts that interpopulation selec

tion is directed toward an optimum determined by the pattern 

of heterogeneity of the environment in space and time. 

The similarity of both the D„ nigrospiracula and the D. 

pachea populations across their sampled range is consistent 

with a stabilizing selection. Seasonal changes in EST 

frequencies of D. nigrospiracula indicate that this species 

is continually adapting to the temporal environment. The 

"optimum" frequency is not fixed but is defined by a var

iable environment. Although populations are directed toward 

an optimum, they may never actually reach it. 

The coefficient of variation for an ecological 

polymorphism should be greatest within populations. This 

is true for the EST locus of both D. pachea and D. nigro

spiracula. This is consistent with the average genetic 

distance estimates which were greater between rot pocket 

populations within a single site than between geographi

cally separate populations collected many miles apart. 

Levins (1968) hypothesized that in Drosophila., the poly

morphism should be controlled by selection at the immobile 

larval stage. This could explain the maintenance of 
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variability within small isolated populations such as Rocky 

Point (Do pachea). Variation within the cactus generates 

the genetic variation within the population„ Selection 

upon the larval stage maintains the variability within the 

adult population,, 

Levins (1963) felt that temporal heterogeneity 

was more important than spatial heterogeneity in maintain

ing a polymorphism. Other models have delt with the varying 

importance of spatial heterogeneity (Prout5 1968; and 

Maynard-Smiths 1970) and temporal heterogeneity (Haldane 

and Jayakar, 1963)0 These models assumed absolute domi

nance. They concluded that the requirements for a stable 

polymorphism are more restrictive if maintained by temporal 

than by spatial heterogeneity. The region of stability 

which has an extreme gene frequency equilibrium of below .2 

or above .8 is one and one-half to two times greater for the 

temporal than for the spatial model (Hedrick, 197*0. The 

difference is less as the selective advantage or disad

vantage is decreased. Both spatial and temporal heteroge

neity appear to be important in maintaining the EST allozyme 

frequencies of D. pachea and D. nigrospiracula. The relative 

alleles are consistent with Hedrick's observation. The 

alleles maintained by temporal heterogeneity are in the 

low frequencies while the allozymes which appear to be 
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maintained by spatial subdivision within the rot are at an 

intermediate to high frequency. 

Spatial subdivision of the environment buffers the 

effects of temporal or seasonal variation. This buffering 

was evident from the third temperature experiment. All 

of the frequencies tended to be higher in one temperature 

than the other, but there was a wide range of frequencies 

between the bottles held at the same temperature. The 

same buffering effect in the field is evident from the 

significant differences observed between rot pocket pop

ulations and swept adult populations. These differences 

could be due to a dilution effect. The adults emerge from 

different sections of rot each with a specific and unique 

selection and mix on the cactus. Johnston (1972) reported 

the movement of adults at night from the rotting saguaro 

to healthy saguaros and proximal vegetation. The adults 

return in the morning to a rot but not necessarily the same 

rotten saguaro. This behavior would mix the population. 

The same study estimated the Tucson population density to 

be 3j200 flies for each cactus and 829,000 flies per 1.6 

square kilometer in April. The migration rate was esti

mated to be 372.7 meters per day. Therefore, the population 

is usually sufficiently large to swamp out any local 

differences due to selection within the rot, and the rot 
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pockets are sufficiently different to buffer the effects 

of seasonal variation in the population as a whole. 

The ecological polymorphism model is consistent 

with all of the data which is available for the EST loci 

of both Da nigrospiracula and D. pachea. It is possible 

that spatial subdivision of the larval niche obscured the 

seasonal trend at the MDH locus in the Tucson population 

of D. nigrospiracula. 

Frequency and Density Dependent 
Selection Hypothesis 

Frequency dependent selection has been identified 

at the EST-6 locus (Kojima and Yarbroughs 1967) and the 

alcohol dehydrogenase locus (Kojima and Tobari, 1969) of 

D. melanogaster. This hypothesis is related to environ

mental heterogeneity. It is based upon the assumption 

that allojzymes differ physiologically so that they may 

be able to exploit minute differences in the environment. 

At an equilibrium frequency there is a maximum utilization 

of environmental resources. An increase in frequency 

above an equilibrium frequency results in competition be

tween individuals with the same allozyme. If the frequency 

of a particular allozyme is low3 it will have an advantage 

and will increase to the equilibrium frequency. At equi

librium, competition between the same allozyme is equal 

to competition between different allozymes. 



Frequency dependent selection was hypothesized 

by Marinkovic and Ayala (1975) to account for fitness 

differences between both Phosphoglucose mutase and MDH 

genotypes of D, pseudoobscura. The average survival and 

rate of development was better in mixed cultures of many 

genotypes than in pure cultures of single genotypes., The 

basis for a frequency dependent selection was identified 

at the EST-6 locus of D. melanogaster (Huang et al,5 1971) 

as differential food conditioning., Individuals homozygous 

for one allozyme were reared in laboratory media. The 

media were used again to test the survival of individuals 

with the same allozyme and with different allozymes. The 

relative viability of an allozyme was lowest when grown 

in media conditioned by the same allozyme. A homozygote 

increased in viability as its frequency decreased in the 

conditioned media. They concluded that individuals either 

deplete nutrients or leave metabolic products harmful to 

their own genotype. 

D. nigrospiracula larvae are mobile within the rot 

so the degree of competition for resources or accumulation 

of metabolic products in nature is not as stringent as in 

a laboratory vial. Movement within the rot is not unlimited 

and in older rots competition becomes more important. 

Larval populations can become very dense in natural rots. 

Xntraspecific and interspecific competition (Fellows and 



Heed, 1972; and R. L. Mangan, student, University of 

Arizona, personal communication) may be the key to survival 

and dominance in natural populations. There appears to be 

a direct relationship between the frequency of Est-3 and 

density„ Est-3 frequencies were correlated with total 

assayed in the population analysis. The total in this case 

is an unreliable approximation of population density. This 

number was determined by length of time spent in the field, 

and amount of mortality until assayed. An upper limit on 

the number assayed was determined independent of the total 

caught in the field. The total larvae or reared adults 

from rot pockets is a more reliable estimate of density 

and the correlation with Est-3 is significant. The total 

assayed in the first and second temperature experiment is 

the most accurate indication of relative density and Est-3 

is again negatively correlated with total. This is suf

ficient evidence to indicate that a density dependent 

selection is operating. As the total number of larvae 

increase, the frequency of Est-3 tends to decrease. 

Is this selection independent of the frequencies 

of other allozymes? Table 19 gives the correlations between 

Est-3 and from field and laboratory populations. These 

two alleles are the most frequent and neither seemed to 

be responding to temporal climatic variation. There was a 

consistent negative correlation between these alleles 
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Table 19. Coefficients of correlation between Est-3 
anc* Est-4 frequencies in field and laboratory 
populations of D, nigrospiracula. 

Populations 
Coefficient of Degrees of Level of 
Correlation Freedom9 Significance13 

Regional 
Arizona -.8414 

Sonoran -.5899 

Baja -.9669 

Seasonal 
Tucson -.9378 

Rot Pocket 
Larvae -.6159 

Reared Adults -.6240 

Swept Adults Dif
ferent Rots, Same 
Place and Time ..8132 

Laboratory 
28°c -.8115 

20°C -.9824 

Desiccation 
Experiment .713^ 

15 

5 

2 

10 

6 

4 

4 

4 

Cf> .0005 

(C = .1 

cf< .1 

di< .0005 

cf = .05 

gc =» 

<X~ .1 

QC= .025 

(X< .0005 

.05 

a degrees of freedom =* n-2 
b alpha level from t test, sign considered 
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in all populations when frequency differences could be 

caused by larval competition. Positive correlations were 

obtained in the desiccation experiment when Est-2 was 

selected at the expense of all other alleles., Positive 

correlations were obtained from a comparison between four 

adult populations collected at the same time from different 

rots at the same site. Frequency differences between these 

populations should represent dispersal differences or rot 

attractance differences for the adult stage. The allele 

frequency of Est-3 is determined by a frequency dependent 

selection at the larval stage„ 

The total coefficient of variation indicated that 

Est-3 was less variable than Est-4 (63.2$: 96.8$). The 

greater variation and correlations between Est-4 frequencies 

and the host plant implies additional frequency independent 

selection within the cactus which may act in combination 

with frequency dependent selection. If diversifying or 

disruptive selection for specific genotypes is operating 

within the cactus and during the seasons, frequency dependent 

selection may be the stabilizing force which directs fre

quencies toward an equilibrium value. 

Lewontin (1973* P» 12) claimed that "frequency 

dependent selection cannot be the rule because it would 

require that the environment have as many dimensions as 

there are separate loci, each being maintained by the 



mechanism." The variation observed within rotting cacti 

indicates that this many dimensions may be possible. If 

the variation in chemical composition of the host plant, 

variation in the frequency of yeasts, and variation in the 

temperature and relative humidity and pH is supplemented 

by a conditioning of the media by other genotypes of the 

same species (Huang et al., 1971) or by different species 

(Johnston, 1972) a sufficient number of dimensions within 

the environment is probable. 



CHAPTER 5 

SELECTION 

Wills (1973) has established two criteria which 

must be met to determine that selection is acting upon 

a particular genetic variant instead of a closely linked 

gene. The selective force must be somehow related to the 

function of the gene and a deviation from the Hardy-

Weinberg equilibrium must be produced. 

Temperature is a selective agent which can be 

theoretically related to the functioning of any enzyme. 

The importance of temperature has been confirmed in in 

vitro experiments for serum esterases of the fish Catos-

tomus clarkii (Koehns 19&9; an(* Koehn and Rasmussens 1967). 

The activity of the allozyme more frequent in southern 

populations increased as temperature Increased from 0°C 

to 37°C. The activity of the allozyme more frequent in 

northern populations increased as temperature decreased. 

Selection by temperature has been identified at an EST 

locus of Do melanogaster (Wright, 1963; and Beardmore, 

1970). None of the field populations of D. nigrosplracula 

were significantly different from the Hardy-Weinberg 

equilibrium. The deviation would depend upon the degree 
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of selection intensity, and the ability to independently 

measure the effect of multiple selective forces in a 

multiple allelic system. The laboratory populations were 

tested at temperatures well within the normal environmental 

range to which D. nigrospiracula is exposed in the field. 

Three of the six bottles maintained at 20°C and one of the 

bottles maintained at 28°C were significantly different 

from the Hardy-Weinberg equilibrium,, The consistency of 

field data and laboratory data is strong evidence for 

selection by temperature inspite of irregular deviations 

from the Hardy-Weinberg equilibrium. 

The desiccation experiment did produce deviations 

from the Hardy-Weinberg equilibrium. There was a highly 

significant excess of heterozygotes along with the increase 

In frequency of Est-2 in the longest surviving larvae. 

There is no direct evidence relating function to selective 

agent. Esterases are hydrolases and use water molecules 

in the hydrolysis of ester linkages. If an allozyme could 

differentially catalyze the reversible reaction, it could 

produce metabolic water. Metabolic water would allow the 

individual to survive longer in a dry environment. Ester

ases are also involved in fatty acid metabolism and may 

function in the production of the wax layer which is se

creted on the surface of the cuticle to protect against 

water loss. Among the various functions of esterases, 
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their primary role is in the breakdown of ingested esters. 

This function is not obviously related to desiccation 

resistance but it is consistant with the differential use 

of and competition for nutritional resources which is the 

basis for frequency dependent selection. This function 

could be related to the Est-2 and -5. temperature correlations 

if selection is due to different concentrations of the 

yeast P. membganaefaciens which is negatively correlated 

with temperatureo 

Jones and Yamazaki (1974) have criticized many 

laboratory studies which have attempted to detect selective 

changes in allele frequencies. They claim that these stud

ies may not have used a sufficiently large number of found

ing lines. If a small number of founding lines is useds 

a response by an allozyme locus may be due to selection 

at other closely linked loci on the same chromosome and not 

to selective differences between the allozymes. Jones 

and Yamazaki studied changes at the EST-5 locus of D. 

pseudoobscura in laboratory cage populations founded with 

two, 10-20s and 44 lines. The allele frequency changes 

in cages founded by 10-20 or 44 lines were similar. The 

allele frequency changes in cages with only two founding 

lines were different. 

It is impossible to determine the exact number of 

females v?hich founded the bottle populations in the third 



temperature experiment. Each bottle was potentially founded 

by 50 females which would be equivalent to 200 lines of 

Jones and Yamazaki. If Est-2 and-5 are assumed to be at 

a frequency of .05 in the founding population, each bottle 

was founded by approximately 10 lines of each allele which 

showed a temperature response., Replicate bottles were used 

for a statistical analysis of temperature differencess so 

approximately 120 Est-2 and Est-5 chromosomes were used in 

the founding populations * An even smaller number of Est-2 

and Est-5 chromosomes were used in the first two temperature 

experiments. No consistent response to temperature was 

observed for the Est-5 allozyme, and an opposite response 

was observed for the Est-2 allozyme. Since wild caught 

adults were used, the problem was to randomize differences 

between the founder populations rather than split up hypo

thetical linkage blocks. 

If a change in allozyme frequency is due to linkage 

rather than to a property of the enzyme band, the alleles 

from widely separated geographical populations may not 

respond similarly to a selective agent. This could be 

caused by different gene associations. The temperature 

response of Est-2 seen at Tucson and Aguila was not evident 

in the Kino or Empalme populations. Est-2 is correlated 

with low temperatures and the winters are milder in Mexico; 

therefore, low temperature selection may be relaxed in 
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these populations. Another possibility was raised by 

Bernstein et al. (1973). They discovered multiple heat 

sensitive alleles at a single electrophoretic position 

or band of xanthine dehydrogenase. The Est-2 allozyme 

band may be a different allele in the northern and the south

ern populations. A Sonoran population should be tested 

in the laboratory for desiccation resistance and tempera

ture response at the EST locus. 

Importance of Adaptive 
Variation 

Populations 

Levins points out that a diversity within popu

lations in which each genotype is superior to all others 

in some environmental phase or niche is insurance against 

random fluctuations in the environment. The EST alleles 

of D. pachea and D. nigrospiracula interact with either 

the host plant or the seasonal temperature changes, or both. 

In both of these species, a single multiple-allelic locus 

is responding to variation in the spatial and temporal 

environment. The esterase variation appears to maintain 

the reproductive potential of the population in a varying 

environment. The esterase variation may also insure optimal 

productivity of the environment. Marinkovic and Ayala 

(1975) and Huang et al. (1971) both indicated that viability 

was best in cultures with mixed genotypes. This may also 



be true in rot pockets. The importance of frequency de

pendent selection in the maintenance of EST frequencies in 

D. nigrospiracula populations supports this theory,, It 

is also consistent with the ovipositional behavior of 

females. D. nigrospiracula females cluster eggs. One 

female oviposits several eggs in a close pattern. These 

eggs stimulate other females to oviposit at the same site 

(Mangan, personal communication)0 

Response to environment requires genetic varia

bility. The desert adapted Drosophila take extreme phys

iological and behavioristic measures to preserve variability. 

In D. pachea, the females mature after two weeks and the 

males mature after only one week. The females seem to 

require a progression of matings to produce viable eggs 

for more than a short period of time after each insemina

tion. Sperm from more than one male may be carried by the 

female. Either the sperm are inactivated by the female, or 

a minimum quantity is required for fertilization (Heed, 

personal communication). These factors enforce outbreeding 

and would preserve genetic variability. 

The pattern of dispersal described for D. nigro

spiracula adults (Johnston5 1972) would tend to prevent 

inbreeding since the brothers and sisters newly eclosed 

from a particular spot do not necessarily stay long enough 

to reach sexual maturity (seven days for females). The 
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probability that a majority of larvae at any one site 

within a rot are sibs is very low due to the clustering 

of eggs. This is important in the colonizing of new rots. 

Several females would be required to populate a new eco

logical territory* This would insure the maintenance of 

variability and prevent the loss of alleles which would 

ordinarily follow a bottleneck effect (Nei et al„s 1975). 

Selection may only be important in maintaining variation 

in isolated inbred populations of D. pachea and D. nigro

spiracula. 

Speciation 

The absence of regional differentiation between 

D. pachea and D. nigrospiracula populations at the EST 

or MDH loci is consistent with their low rate of speciation. 

Cooper (1964) crossed D. nigrospiracula individuals from 

San Felipe, Northeastern Baja, California; Tucson., Arizona; 

and several sites in Sonora to detect any sexual isolation 

between the populations. Correlation analysis of her data 

revealed a reduction in the number of F2 produced per cross 

with increasing distance between parental populations 

(cC= .01). The San Felipe population is separated from the 

rest of the distribution by the Gulf of California. When 

this population was removed from the analysis* there is 

still a significant reduction in the number of F2 produced 

between the Sonoran and Tucson populations (OC = .035). 
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Since this study, partial sexual isolation has been found 

between the northern populations and the Baja populations. 

The Fj_ males from the cross between Tucson females and 

Punta Prieta males were sterile, but the males from the 

reciprocal cross were fertile. Punta Prieta is located 

in northwestern Baja, California. It appears that the 

differentiation between regions is sufficient to favor the 

initial steps toward sexual isolation. 

If the D. nigrospiracula populations are in the 

process of speciating, the Sonoran region where the two 

major host plants overlap may contain the genetic changes 

which preceed or accompany speciation. Coefficients of 

variation indicate that this region is characterized by 

an increased fluctuation of gene frequencies. The cause 

of this increased variation and whether or not this varia

tion is adaptive cannot be determined at this time. It 

could be the result of gene flow from Arizona, Baja Cal

ifornia, and possibly more tropical regions which disrupt 

the gene pool (gene-flow-variation hypothesis, Soule, 1971). 

This is not probable because the Arizona and Baja California 

regions are not differentiated at either the MDH or the 

EST loci. The variation could be due to the ecological 

diversity within the region (niche-width-variation hypoth

esis, Van Valen, 1965). It is possible that differential 

selection within multiple host plants is diversifying the 
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allele frequencies. The importance of the host plant to 

the maintenance of EST allele frequencies has been stressed, 

but this theory does not apply to the MDH locus. 

If the local Sonoran populations are not stable but 

represent a continuous recolonization cycle, the increased 

variation in allele frequencies is probably nonadaptive. 

The early reproducer model (Charlesworth and Giesil, 1972) 

is an example of nonadaptive changes which could result 

from a recolonization cycle» According to this model., 

if a genotype reproduces early it is favored in a population 

of young individuals such as in an increasing population 

or a colonizing environment. This same genotype would be 

disadvantageous in a population of older individuals or 

a saturated environment. There is no evidence of a differ

ential onset of reproduction between genotypes, but founder 

effect and bottlenecks could also produce random shifts 

in allele frequencies which would be nonadaptive. 

There is some evidence for an ecological crash 

during the summer months in Sonora (Fellows and Heed, person

al communication). In general, it is more difficult for 

a collector to locate a cardon rot in Mexico than a saguaro 

rot in Arizona. One cannot assume that the fly has a sim

ilar difficulty since he is more adapted to rot detection; 

however, this may reflect a difference in rot density. A 

minimum density would be required to maintain stable 
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populations. Cardon rots which have been brought into the 

lab do not consistently produce large numbers of D. nigro-

spiracula adults. This would be expected if a large stable 

population is not maintained in the vicinity. This theory 

is consistent with the variation in allele frequencies 

observed at both the MDH and the EST loci. This increased 

variation would be nonadaptive. 

For speciation, an initial nonadaptive fluctuation 

in allele frequencies may be necessary,, Nonadaptive shifts 

would present new combinations of genes and allele frequen

cies to be selected*, With the addition of differences within 

the niche, an optimization of allele frequencies may be 

more difficult. Out of this increased instability new 

adapted frequency combinations may be established. The 

relative geographic isolation of the Baja California 

peninsula may allow the frequencies to restabilize and 

the first step toward speciation is complete. Further 

studies confirming sexual isolation and analyzing the 

patterns of allele frequency fluctuation for more loci 

are needed to confirm this hypothesis. 

Response to Selection 

In discussing responses to selection, Levins (1964) 

described two optimal genetic systems to maintain poly

morphisms in populations: 

(A). If the environment consists of discrete niches 



sufficiently different for polymorphism to be optimal, 

polymorphism will be stable and genetic variance will be 

due to epistatic interactions, 

(B). Alternatively, with high autocorrelation in the 

environment, the genetic variation responds to selection 

and the optimal genetic system consists of additive var

iance. The results of epistatic interactions would be a 

low individual tolerance of suboptimal environments, a 

build up of epistatic complexes, P2 breakdown, and a high 

rate of speciation. Additive variance would result in a 

higher individual tolerance of suboptimal environments, 

fewer inversions holding epistatic blocks, low Pg break

down, and a low rate of speciation. 

willistoni group and D. pseudoobscura would be 

type A. This would account for the difficulty in measuring 

selection at individual loci independent of the genetic 

background. D. nigrospiracula and P. pachea are most likely 

type B species with a low rate of speciation, and limited 

chromosomal polymorphism. Correlations with environmental 

factors were seen for three of the four loci examined for 

D. pachea and for both loci examined for D. nigrospiracula 

(although the significance of the correlations at the MDH 

locus have not been determined) . Laboratory experiments 

and field data indicate that at least three different 

selective agents maintain three of the four major EST 
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alleles in D. nigrospiracula populations. This indicates 

that the variability at each locus may contribute addi-

tively to the general fitness of the individual. 

The optimal genetic system for the maintenance of 

variability is probably very species specific depending 

upon the genetic history, the environment3 and population 

structure. The importance of genetic history in determin

ing the adaptive strategy of a species is evident in D. 

mojavensis. This species is found in roughly the same 

region as D. nigrospiracula and D. pachea although breeding 

in different host plants. D. mo.javensis is a type A species. 

It is polymorphic for several inversions, and shows con

siderable regional differentiation. Major allele frequency 

changes occur across the range of D. mojavensis at three 

EST loci (Zoros, 1973)° Three out of five polymorphic 

loci including one esterase provide a basis for differen

tiating two regional subraces. One breeds on organ pipe and 

the other on agria cactus. All three EST loci show sig

nificant differences between local populations within the 

Baja California subrace. Many of these "local" populations 

represented island populations within the Gulf of Califor

nia so that gene flow between them may not be representative 

of gene flow between mainland populations. Nevertheless, 

D. mo,1avensis populations are more differentiated across the 

range at the EST locus than D. nigrospiracula, or D. pachea 
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(although only mainland Mexico has been sampled for this 

species). The build up of coadapted gene complexes within 

inversions may be responsible for the rapid regional dif

ferentiation at the EST loci and the rapid speciation 

of D. mojavensis. 

The MDH locus of D. mojavensis is monomorphic 

Zoros, 1973)® The absence of variability at the MDH locus 

could be due to the relatively recent speciation of D. 

mojavensis allowing insufficient time to accumulate allozymic 

mutations in the populations (neutralist hypothesis). 

Alternatively, in a system of additive fitness, any advan

tage conferred by variation at even a conservative locus 

should be maintained in the population. 



CHAPTER 6 

CONCLUSIONS 

The importance of variation to the individual, 

population, and species can only be determined by studying 

the dynamics of polymorphisms in natural populations. 

Models to explain the maintenance of variation should 

be evaluated and constructed in terms of data from natural 

populations. Models should be consistent with observed 

patterns of allele frequency variation within and between 

field populations. My data from natural populations 

support the ecological polymorphism model for niche adap

tations at the esterase locus in two different species. 

Evidence of differential selection due to temperature 

(Est-2 and -5) and desiccation resistance (Est-2) was 

obtained for the esterase locus of D. nigrospiracula in 

both laboratory and field populations. There is evidence 

that frequency dependent selection is important in deter

mining the frequency of the two major esterase alleles 

(Est-3 and -4) of D. nigrosplracula. The adaptive value 

of each genotype is probably determined by an interaction 

between several selective forces which vary in intensity 

in space and time. 

97 
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The patterns of allele frequency variation at the 

malic dehydrogenase locus of D. nigrospiracula are in 

general agreement with the isoenzyme hypothesis; however, 

the effects of selection on natural populations must be 

evaluated in terms of the amount of spatial and temporal 

heterogeneity within the population. Spatial subdivision 

of the larvae within the cactus may have buffered the 

response to temperature at the MDH locus in the Tucson 

population. The neutrality of this locus must be confirmed 

by further laboratory experiments which attempt to measure 

a response to temperature. 

The pattern of variation in allele frequencies at the 

MDH locus of D. nigrospiracula between rot pocket populations, 

seasonal populations collected at a single site, and geo

graphically separate populations was increasing variation 

with increasing temporal and spatial heterogeneity. This 

contrasted with the large amount of variation between EST 

allele frequencies observed within single rotting cacti. 

There was a similar pattern of variation at the EST locus 

of both D. nigrospiracula and D. pachea. The low frequency 

EST alleles appeared to respond to temporal variation in 

the environment and the intermediate and high frequency 

alleles responded to spatial variation within the cactus 

host plant. This type of variation would give the species 

flexibility to respond to changes in both the spatial and 
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temporal environment. The EST frequency of a population 

of D. nigrospiracula is determined by seasonal temperature 

changes, spatial heterogeneity within a single host plant, 

and the esterase frequencies of each specific rot pocket 

population. The allele frequencies at the EST locus in 

natural populations would never reach an equilibrium but 

would be constantly adapting to environmental changes to 

insure the maximal productivity of the environment. 



APPENDIX A 

PHENOTYPES OF ISOFEMALE D. PACHEA AND 

D. NIGROSPIRACULA AND THEIR OFFSPRING 

IN RELATION TO MENDELIAN PREDICTIONS 

FOR MULTIPLE ALLELES AT 

A SINGLE LOCUS 
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Table Al. EST phenotypes of Isofemale D. pachea and their offspring.--The 
predicted genotype of the male is given along with the expected 
number of phenotypes (in parenthesis) of each mating on the basis 
of Mendelian genetics of multiple alleles at a single locus. 

Predicted Fi Allozymes 
Female Male EST Phenotypes Isofemale 
Phenotype Genotype 2-3 2-4 2-5 3 3-4 3-5 4 4-5 Number 

4 2-3 4 6 P 4 
(5) (5) 

2-3 3-4 8 2 6 1 P 7 
(\3) (4.3) (4.3)(4.3) d 

3 2-3 4 8 P 8a 
( 6 )  ( 6 )  

3 3-3 6 P 13 
(6) 

3 2-3 4 4 P 15 
(4) (4) -

3-4 4/(3)-5a 10 1 6 0 P I9d 

, (4.3) (4.3)(4.3)(4.3) 
3 3-4 26 23 p 22 

(24.5)(24.5) 
3 3-3 19 P 23 

(19) 
3 3-3 7 P 24 

(7) 
3 2-3-4° 3 81 P 25 
3-5 2-3-4b 1 13 13 P 26c 

® deviations from F^ expected phenotypes indicate multiple mating 
° F^ phenotypes indicate multiple mating 
® multiple mating indicated by ACPH locus 
® multiple mating indicated by MDH locus 
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Table A2. MDH phenotypes of isofemale D. pachea and 
their offspring.—The predicted genotype of 
the male is given along with the expected 
number of phenotypes (in parenthesis) of each 
mating on the basis of Mendelian genetics of 
multiple alleles at a single locus„ 

Predicted Phenotypes 
Female Male MDH Allozymes Isofemale 
Phenotype Genotype 1-2 2 Number 

2 2-2 9 
(9) 

P 4 

2 1-2 1 
(2) 

3 
(2) 

P 7 

2 2/1-2® 2 
(8) 

14 
(8) 

P 8 

2 2-2 4 
W 

P 15 

2 2/1-2a 

(8) 
15 
(8) 

P 19 

2 2-2 44 
(44) 

P 22 

1-2 2-2 10 9 P 23 
(9.5) (9.5) 

2 2-2 11 P 24 
(11) 

1-2 2-2 6 4 P' 25 
(5) (5) 

a deviations from expected ratios indicate multiple 
mating 



Table A3. EST phenotypes of isofemale D. nigrospiracula and their offspring. -
The predicted genotype of the male is given along with the expected 
number of phenotypes (in parenthesis) of each mating on the basis of 
Mendelian genetics of multiple alleles at a single locus. 

Predicted Fx Phenotypes 
Female 

Phenotype 
Male 

Genotype 2-3 2-5 
EST Allozymes 
3 3-4 3-5 4 4-5 

Isofemale 
Number 

3-4 4-4 5 
(4) 

3 
(4) 

N 4 

2-4 3-5 1 
(2) 

CM 
CM 3 

(2) 
2 

(2) 
N 7 

2-3 3-4 4 
(2.3) 

4 
(2.3) (2*3) 

N 9 

4 3-3 

o
o
 

co N 10 

3 3-4-5® 4 2 2 N 1 

•4 3-4-5® 6 1 1 N 8 

a ̂  phenotypes indicate multiple matings 
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Table A4. MDH phenotypes of isofemale D. nigrospiracula 
and their offspring.—The predicted genotype 
of the male is given along with the expected 
number of phenotypes (in parenthesis) of each 
mating on the basis of Mendelian genetics of 
multiple alleles at a single locus. 

Female 
Phenotype 

3 

2-3 

3 

3 

Predicted 
Male 

Genotype 

2-3 

3-3 

3-3 

3-3 

3-3 

3-3 

Pi Phenotypes 
MDH .Allozymes 
2-3 3 

(5) 

6 
(4) 

5 w 
8 

(8) 

9 
(9) 

2 
(*)  

8 
(8) 

7 
(7) 

Isofemale 
Number 

N 4 

N 7 

N 9 

N 10 

N 1 

N 8 



APPENDIX B 

GENOTYPIC TABLES FROM D. PACHEA 

POPULATIONS INCLUDING 

EXPECTED NUMBERS OP GENOTYPES 

CALCULATED PROM THE 

HARDY-WEINBERG EQUILIBRIUM 
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Table Bl. The observed and expected EST genotypes of D» pachea aspirated in the 
field from rotting senita.— 1 = Organ Pipe National Monument, 2 = 
Rocky Point, 3 = Sonoita, 4 = Santa Ana, 5 = Kino Bay, 6 = Guaymas, 
7 = Empalme, 8 = Hermosillo, 9 = Bacum, 10 = Navojoa, 11 = Zaragosa 

EST Genotypes 
Site Total 1-2 1-3 2-2 2-3 2-4 2-5 3-3 3-4 3-5 3-6 4-4 4-5 4-6 5-5 

1 52 1 5 35 9 1 1 

83 
(o)a (6) (35) (9) (1) (1) 

2 83 1 4 6 3 52 15 2 

63 
(0) (1) (lg) (2) m (17) (2) 

3 63 
(0) 

1 8 2 35 12 5 
(1) (9) (1) (36) (11) (J) 

4 ill 2 15 3 1 6l 17 6 1 3 1 
(1) (17) (|) (1) (58) (20) (6) (1) (2) (1) 

5 199 3 31 
(|) 

l 106 37 4 2 3 3 
(3) (33) (6) (i)(103) (39) (7) (1) W (1) 

6 57 6 l 30 16 2 2 
(1) 

49 
(5) (31) (16) (5) (2) 

7 49 1 12 6 20 7 2 1 

8 

49 
(1) (11) (3) (20) (10) (1) (1) 

8 30 1 4 2 13 6 2 1 1 30 
(1) W (1) (13) (6) (1) (V 

9 137 1 29 1 1 72 23 4 h 2 

84 
(2) (24) CO (1) (73) (25) (5) (2) (1) 

10 84 1 2 8 3 47 17 4 1 
(1) 

(1) (1) m (16) (5) (1) 
11 75 1 1 1 8 6 36 20 2 

(0) (1) (1) (11) (3) (34) (20) (3) 

8 expected numbers calculated from the Hardy-Weinber g equilibrium 

1 
(0) 

1 
(0) 

1 
(0) 
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Table B2. The observed and expected MDH genotypes of 
D. pachea aspirated in the field from rotting 
senita cactus. 

Collection Total MDH Genotypes 
Site Assayed 1-3 2-2 2-3 3-3 3-4 

Organ Pipe 
National 
Monument 

33 3 e 
(3) 

30 
(30) 

Rocky Point 58 1 
(0) 

5 
(7) 

52 
(51) 

Sonoita 53 3 
(3) 

50 
(50) 

Santa Ana 64 4 
(4) 

59 
(59) 

1 
(1) 

Kino Bay 29 1 
(1) 

28 
(28) 

Guaymas 77 4 
(4) 

73 
(73) 

Empalme 50 2 
(2) 

47 
(47) 

1 
(1) 

Hermosillo 30 3 
(3) 

27 
(27) 

Bacum 114 13 
(12) 

101 
(101) 

Navojoa 84 1 
(1) 

3 
(3) 

80 
(80) 

Zaragosa 56 2 
(2) 

54 
(54) 

a expected numbers calculated from the Hardy-Weinberg 
equilibrium 



Table B3. The observed and expected EST genotypes of D. pachea adults collected 
at different seasons at Santa, Ana, Sonora. 

Collection Total EST Genotypes 
Date Assayed 1-2 1-3 2-2 2-3 2-4 2-5 3-3 3-4 3-5 3-6 4-4 4-5 4-6 

1/69 ill 2 15 3 l 6i 17 6 1 3 1 1 
(l)a (17)(3) (l)(58) (20)(6) (1) (2) (1) (0) 

11/69 36 1 8 14 10 2 1 36 
(l) (6) (16) (B)(2) (1) 

7/70 l4l 1 1 2  10 6 71 31 10 1 5 3 7/70 
(0) (1) (1) (14)(4) (67) (35)(9) (2) CO (2) 

8/71b 65 1 14 7 33 10 
(2) (16)(3) (31) (12) 

a expected numbers calculated from the Hardy-Weinberg equilibrium 

b genotypes obtained from flies which eclosed from a rot pocket, only 5 
adults were collected in the field. 



Table B4. The observed and expected EST genotypes of D, pachea adults reared 
from separate rot pockets.—Expected numbers in parenthesis calculated 
from Hardy-Weinberg equilibrium 

Collection Rot Total EST Genotypes 
Site Pocket Assayed 1-3 2-2 2-3 2-4 2-5 3-3 3-4 3-5 3-6 4-4 4-5 4-6 

Santa Ana - 117 1 12 3 62 29 4 3 3 
(1) (13)(3) (63) (28)(3) (2) (3) 

Hermosillo 240B 58 8 24 16 5 3 1 
(6) (28) (12)(4) (3) (1) 

Guaymas 231K 77 4 9 2 35 21 1 3 2 

64 
(1) (12)(4) (33) (20)(2) (3) (1) 

231F 64 12 1 27 20 3 1 231F 
(8) (0) (29) (18) (3) (o) 

231L 75 11 47 16 l 
(9) (50) (13)(1) 

231N 73 7 2 38 23 2 1 
(7)(2) (*0) (20)(2) (3) 

231B 39 6 18 12 2 l W (20) (10)(2) (1) 

Bacum 75 3 6 3 1 42 14 4 2 
(1) (12)(2) (1) (39) (1*0(5) (1) 

Navojoa 2331 50 8 2 23 12 4 1 

^3 
(7)(2) (22) (15) (3) (1) 

233B ^3 2 7 1 21 6 4 2 
(1) (8)(l) (20) (8)(3) (1) 

Zaragosa WBH 54 1 12 1 28 8 2 1 1 Zaragosa 
(l) (9)(1) (29) (9)(2) (1) (1) 

D 71 1 11 2 33 20 3 1 
(1) (H)(2) (35) (16)(3) (1) 
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GENOTYPIC TABLES FROM FIELD AND LABORATORY 
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Table CI. The observed and expected EST genotypes of D. nlgrospiracula adults 
collected throughout its range.—1 = WikieupT 42; 2 = Burro Creek, 60; 
3 = N. Alamo Lake, 56; 4 = W. Alamo Lake, 86; 5 = Aguila, 53; 6 = Chaco 
Sheep Ranch, 42; 7 = Tucson (5/71), 99; 8 = Sells, 85I 9 = Organ Pipe 
National Monument, 90; 10 = Caborca, 117; 11 = Altar, 42; 12 = Kino, 84; 
13 = Hermosillo, 41; l4 = Empalme, 53; 15 = San Carlos, 119; 16 = Punta 
Prieta, 55; 17 = San Lucas, 82; 18 = Loreto, 28; 19 = Los Planes, 149 

EST Genotypes 
Site 1-3 1-4 1-5 2-2 2-3 2-4 2-5 2-6 3-3 3-4 3-5 3-6 3-7 4-4 4-5 4-6 5-5 5-6 5-7 6-6 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 
(0) 

1 
(3) 

1 2 
(0) (3) 
1 1 
(0) (5) 

2 
(2)  
3 

(2)  
1 5 
(o) (5) 
1 6 
(0) (4) 
1 3 
(0) (3) 
1 9 
(1) (8) 
1 4 
(1) (5) 
1 7 
(1) (6) 

2 
(l)a 
5 

(3) 
3 
(3) 
3 

(4) 
2 

(2)  
1 
(1) 

3 1 
(5) (1) 
3 

(5) 
1 

(3) 
5 1 

(7) (1) 

(h a) 

(7) 

5 19 
(6)(17) 
16 20 
(12)(25) 
15 15 

(11)(22) 
22 27 

(20)(32) 
12 21 
(13)(21) 
10 12 

(10)(13) 
26 27 

(21)(37) 
13 28 
(13)(31) 
24 26 

(18)(37) 
28 37 

(25)(44) 
9 17 

(?)(14) 
16 25 

(13)(28) 

2 1 
(2) (0) 

2 
(3) 
5 

(5) 
5 

(3) 
5 1 

(5) (1) 
5 2 

(7) (1) 
6 
(5) 
2 1 

(5) (1) 
5 1 

(5) (1) 

3 
(4) 

10 

(1? i4 
(l4 
14 
(11 
14 
(13 
9 
(9 
5 

(4 
23 

(16 
20 

(18 
26 

(19 
23 

(194 

(15 

(0) 

3 

(? 
(2)  
3 (P 
6 2 

(4) (1) 
2 

(3) 
4 1 
(3) (1) 

(68} 

{V 
(5) 
4 2 
(4) (0) 
2 

(1) 
5 11 

(5) (1) (0) 

2 
(0) 

2 
( 0 )  

1 1 
(0) (0) 



Table CI, continued 
EST Genotypes 

Site 1-3 1-4 1-5 2-2 2-3 2-4 2-5 2-6 3-3 3-4 3-5 3-6 3-7 4-4 4-5 4-6 5-5 5-6 5-7 6-6 

13 2 11 14 l 11 1 l 
(1) (9) (if) (2) (9) (2) (0) 

1 4  2 2 2  8  l 6  2  1 5  1 1 3 1  
(0) (3) (4) (6) (17) (3) (12) (5) (l) (1) (0) 

15 12 3 23 49 5 22 3 1 1 
(7) (6) (26)(47) (5) (21) (4) (0) (0) 

16 1 1 4 15 18 4 10 1 
(2) (1) (2) (15)(21) (3) (7) (2) 

17 1 2 1 1 22 34 2 1 12 4 2 
(o) (0) (3) (2) (21)(32) (4) (1) (13) (3) (1) 

18 1 5 12 2 8 
(1)  (5)(12)  (1)  (8)  

19 52 1 25 49 3 3 1 49 3 7 1 
(3) (4) (0)(21)(59) (3) (4) (0)(42) (4) (6) (0) 

a expected numbers calculated from the Hardy-Weinberg equilibrium 

\ 
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Table C2. The observed and expected MDH genotypes of D. 
nigrospiracula swept in the field from rotting 
saguaro. 

Collection Total MDH Genotypes 
Site Assayed 1-3 2-2 2-3 3-3 3-4 

Wikieup 37 2 5 Tf 
(l)a(10) (26) 

Burro Creek 6l 3 44 
(2) (17) (43) 

N. Alamo Lake 57 1 21 35 
(2) (18) (36) 

W. Alamo Lake 87 6 20 6l 
(3) (26) (58) 

Aguila 54 3 15 36 
(2) (17) (35) 

Chaco Sheep 
Ranch 43 2 10 31 

(1) (12) (30) 
Tucson (5/71) 100 2 19 79 

(1) (20) (78) 
Sells 87 3 26 58 

(3) (26) (58) 
Organ Pipe 
National 154 11 43 100 
Monument (7) (51) (96) 

Caborca 119 3 37 78 2 
(4) (35) (78) (2) 

Altar 38 3 35 
(3) (35) 

Kino 84 2 20 62 
(2) (21) (61) 

Hermosillo 42 8 34 

. (7} Empalme 83 1 4 24 54 
(1) (3) (26) (53) 

San Carlos 70 2 15 53 
(1) (17) (52) 

Punta Prieta 31 3 6 22 
(1) (9) (20) 

San Lucas 71 2 27 4l 1 
(3) (24) (43) (1) 

Loreto 14 581 
(4) (9) (1) 

Los Planes 121 1 27 
(2) (26) . .  

a expected numbers of individuals calculated from the 
Hardy-Weinberg equilibrium 

(P) 



Table C3. The observed and expected EST genotypes of D. nigrosplracula adults 
collected seasonally.—Aguila: 1 = 5/71, 53; 2 = 2/73, 75; Tucson: 
3 = 12/68, 20; 4 = 2/71, 96; 5 = 4/10, 52; 6 = 5/71, 99; 7 = 7/71, 91; 
8 = 9/71, 100; 9 = 11/71, 166; 10 = 5/73, 64; 11 = 6/73, 105; 12 = 1/74, 
63; 13 = 2/74, 47; 14 = 3/74, 57; Kino: 15 = 11/69, 84; 16 = n/70, 79; 
17 = 12/70, 98; 18 = 1/71, 45; Empalme: 19 = 1/69, 53; 20 = 3/73, 83 

Site 1-3 1-4 2-2 2-3 2-4 2-5 
EST Genotypes 
2-6 3-3 3-4 3-5 3-6 3-7 4-4 4-5 4-6 5-5 

1 2 = t 2 12 21 6 9 2 
(2) (2) (13)(21) (5) (9) (3) 

2 1 7 1 19 26 3 15 2 1 
w (4) (0) (15)(29) (4) (1{0 (3) (0) 

3 1 2 5 7 1 4 
(p (1) (5) (8) (1) (4) 

4 1 6 3 1 23 35 7 1 13 2 4 
(0) (6) w (0)(24)(35) (5) (3) (13) (3) (2) 

5 1 4 6 24 16 1 
(2) 

(0) (2) (8)(22) (16) 
6 1 5 3 1 26 27 5 2 23 4 2 

(0) (5) (5) (1) (21)(37) (7) (1) (16) (1) 
7 1 1 4 1 23 27 8 

(1) 
17 6 1 2 

8 
(0) (3) (2) (0)(19)(33) (8) (16) (7) (1) (1) 

8 2 4 1 24 37 5 20 5 2 
(?)  (|) (1) (21)(40) (7) (19) (7) (1) 

9 1 6 1 1 42 58 3 40 5 2 
(1) (7) (7) (0) (0)(35)(70) (4) (35) ({0 (1) 

10 5 2 11 19 9 1 13 4 
(3) (3) (12)(22) (6) (0) (10) (5) 

11 2 5 4 22 31 7 1 25 5 1 2 
(0) (5) (6) (18)(38) (7) (1) (20) (7) (1) (1) 

12 2 2 7 13 22 2 2 12 1 
(1) (6) (6) (12)(23) (1) (1) (12) (1) 



Table C3» continued 
EST Genotypes 

Site 1-3 1-4 2-2 2-3 2-4 2-5 2-6 3-3 3-4 3-5 3-6 3-7 4-4 4-5 4-6 5-5 5-6 5-7 6-6 

1 3  1 3 2  9  2 0  3 1  5 2  l  
(0) (3) (3) (11) (16) (3) (0) (6) (3) (0) 

14 l 4 3 1 10 23 13 2 1 
(0) (3) (3) (0) (10)(23) (13) (1) (1) 

15 17 7 16 25 3 16 5 1 1 11 
(1) (6) (7) (13)(28) (4) (15) (5) (1) (0) (0) (0) 

16 4 4 19 28 4 16 2 1 l 
(4) (3) (17)(31) (4) (14) (3) (0) (0) 

17 6 2 21 36 7 21 3 1 1 
CO (3) (21)(39) (6) (18) (5) (0) (0) 

18 23 10 16 2 a 82 
(2) (2) (10)(17) (2) (1) (8) (2) 

1 9  2 2 2  8  1 6  2  1 5  1 1 3 1  
(0) (3) (t) (6)(17) (3) (12) (5) (1) (1) (0) 

20 2 11 30 34 2 4 
(1) (9)(34) (33) (1) (2) 

a expected numbers calculated from the Hardy-Weinberg equilibrium 
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Table C4. The observed and expected MDH genotypes of D. 
nigrospiracula collected seasonally. 

Collection Total MDH Genotypes 
Site & Date Assayed 1-3 2-2 2-3 3-3 3-4 

Northern Arizona 
Aguila 5/71 54 3 , 

Q 
15 36 

2/73 
(2)' aU7) (35) 

2/73 32 3 8 21 
(2) (11) (20) 

Tucson 
(11) 

12/68 45 1 9 35 

2/71 
(1) (10) (35) 

2/71 109 2 37 69 1 

4/71 51 
(4) 
1 { IV  

(71) (1) 
36 

5/71 
(l) (14) (36) 

5/71 100 2 19 79 

7/71 
(1) (20) (78) 

7/71 92 3 27 62 

9/71 
(3) (27) (62) 

9/71 99 4 25 70 

11/72 
(3) (28) (68) 

11/72 151 1 35 115 
(2) (33) (116) 

Mexico 
(2) (33) (116) 

Kino H/69 84 2 20 62 Kino H/69 
(2) (21) (61) 

11/70 79 
(2) 

14 65 

12/70 
(13) (66) 

12/70 99 4 26 69 

1/71 
(3) (28) (68) 

1/71 39 2 15 22 
(2) (14) (22) 

Empalme 
1/69 83 1 4 24 54 

3/73 
(l) (3) (26) (53) 

3/73 37 
(l) (3) 

7 30 
(6) (30) 

a expected numbers calculated from the Hardy-Weinberg 
equilibrium 



Table 05.The observed and expected EST genotypes of D. nigrospiracula rot pocket 
populations.—1 = #1, 4 m. L; 2 = #1, 2 m. L; 3 = #1# 1 m. L: 4 = #1, 
0.7 m. L; 5 = #1> 0.0 m. L; 6 = #2, 5 m. A; 7 = #2, 3 m. L; 8 = #2, 3 m. 
A; 9 = #3? 2.5 M. L; 10 = #4S 1.5 m. A; 11 = #4, 1 m. A; 12 = #4, 0.0 m. 

. L; 13 = #4, 0.0 m. A; l4 = log #5 L; 15 = log #5 A; l6 = log #6 A; 17 = 
log #7 0.7 m. L; 18 = #7? 3 m. L; 19 = #7S 4 m. L; L = larvae, A = reared 
adults 

EST Genotypes 
Rot # Total 1-2 1-3 1-4 2-2 2-3 2-4 2-5 2-6 3-3 3-4 3-5 3-6 3-7 4-4 4-5 4-6 5-5 5-6 

1 64 1 a10 3 
(1) (H)(5) 

2 85 5 5 5 
(4) (4) (5) 

3 64 1 2 2 
(0) (2) (2) 

4 110 1 2893 
(0) (1) (9)(10) (2) 

5 58 8 2 
(5) (3) 

6 48 2 1 
(2) (0) 

7 61 15 1 
(°) CO (3) 

8 46 1 2 2 
(0) (2) (1) 

9 29 11 
(1) (l) 

10 90 32 
(2) (2) 

11 60 9 2 1 
(4) (4) (1) 

12 43 1 5 2 
(0) (5) (0) 

12 26 3 1 
(16) (21)(4) (1) 
19 31 1 

(17) (36)(2) 
12 29 1 1 
(13) (27)(1) (1) 
18 32 6 I 
(16) (35)(6) (1) 
11 19 5 1 

(13) (19)(5) (1) 
13 20 1 

(12) (20)(2) 
15 25 2 

(16) (24)(3) 
17 11 2 1 
(14) (17)(2) (1) 
7 12 1 
(7) (13)(l) 
17 36 5 
(17) (38)(3) 
13 24 2 
(15) (20)(4) 
11 18 1 1 

(13) (15)(1) (1) 

4 4 
(7) (3) 
21 3 
(19) (2) 
13 2 1 m (1) (1) 
22 6 1 

(19) (7) (1) 
7 5 

(7) (3) 
8 2 1 

(8) (2) (0) 
9 3 
(9) (2) 
o 

(5) 
6 1 

(6)  (1)  
23 2 2 

(22) (3) (1) 
5 4 

(7) (2) 
4 
(5) 

1 
(0) 

1 1 
(1) (0) 



TableC5,continued 
EST Genotypes 

Rot # Total 1-2 1-3 1-4 2-2 2-3 2-4 2-5 2-6 3-3 3-4 3-5 3-6 3-7 4-4 4-5 4-6 5-5 5-6 

13 48 1 1 3 1 1 11 16 2 8 3 1 

14 83 
(0) (3) (3) (l) (0) (9)(16)(3) (8) (3) (0) 

14 83 5 l6 4 19 30 3 6 
(3) (0) 

83 
(3)(16) (?) (23)(24)(2) (6) 

15 85 1 4 16 35 4 17 4 1 3 

16 41 
(2) (?) (15)(33)(6) (18) (6) (1) (1) 

16 41 1 1 3 4 6 16 2 6 l 
(1) 

(o) (1) (5) (?) (7)(14)(l) (7) (1) 
17 100 2 2 7 4 19 31 7 1 24 3 1 1 

18 
(1) (1) (6) (7) (18)(37)(5) (l) (20) (5) (1) (o) 

18 101 4 3 26 33 5 
(l) 

24 3 2 l 
(3) (3) (22)(41)(5) (20) (4) (1) (0) 

19 99 1 7 6 17 35 4 1 1 20 6 1 
(1) (7) (7) (21)(38)(5) (1) (0)(17) (5) (1) 

a expected numbers calculated from the Hardy-Weinberg equilibrium 
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Table C6. The observed and expected MDH genotypes of D. 
nl^rospiracula larvae (L) and reared adults 
(A) from rot pocket populations. 

Height Total MDH Genotypes 
(meters) Cactus Assayed 1-1 1-2 2-2 2-3 

4 L 

2 L 

1 L 

0.7 L 

0.0 L 

1.5 A 

1 A 

0.0 A 

log L 

log A 

#1 

#1 

#1 

#1 

#1 

#4 

#4 

#5 

#5 

log 0.7 L #7 

log 3 L #7 

log 4 L #7 

a expected number 
equilibrium 

65 

83 

64 

110 

59 

79 

62 

52 

32 

87 

101 

101 

100 

1 a W 
(1) (16) 
8 16 

(3)  (26)  
1 14 
(1) (14) 
1 29 

(2) (26) 
2 16 
(2) (17) 

4 
(2 )  
2 

(1) 
1 
(1) 

16 
(20) 
14 
(15) 
14 
(14) 

2 9 

(i» 
{10,l 

(1) (19) 

7 
(5) 
4 w 
2 

(2)  

29 
(34) 
31 

(31) 
21 

(22) 

47 
47) 
59 
54) 
49 
49) 
79 1 
80) (1) 
41 
41) 

58 1 
56) (1) 
46 
45) 
37 
37) 

20 
20) 
67 
67) 

64 1 
62) (1) 
66 
66) 
75 2 
75) (2) 

s calculated from the Hardy-Weinberg 



Table C7. The observed and expected EST genotypes of D. nigrospiracula reared 
from banana media in the first two temperature experiments (A and B). 

Temper- Total EST Genotypes 
ature (°C) Assayed 1-4 2-2 2-3 2-4 2-5 3-3 3-4 3-5 3-6 4-4 4-5 4-6 5-5 

3 
(1) 

1 

15°C A 58 1 4o 16 1 
(0)a (41) (14) (1) 

16 15°C B 111 5 3 35 4l 3 16 5 

20°C A 64 
(4) (3) (32) (45) (4) (16) (3) 

20°C A 64 
(4) (3) 

2 8 25 12 9 7 

20°C B 
(o) (11) (21)(10) (10) (9) 

20°C B 32 2 7 19 2 2 

i ^ b 
63 

(1) (10) (14) (5) (1) 
24°C Ad 63 1 3 23 15 1 1 l8 

(1) 

24°C B 124 
(2) (2) (16) (28) (2) (l) (12) 

24°C B 124 2 2 9 1 31 4l 2 
(l) 

26 3 

28°C A 
(1) (7) (7) (0) (26) (52) (3) (25) (3) 

28°C A 133 2 7 14 
(0) 

28 26 5 39 10 

28°C B 
(1) (9) (12) (17) (45) (7) (31) (9) 

28°C B 22 3 1 5 10 
(7) 

3 
(9) 

o (2) (2) (6) (9) 
30°c A 92 1 1 3 14 1 15 30 7 18 2 

30°C B 43 
(0) (1) (8) (?) (1) (13) (32) (4) (1?) (5) 

30°C B 43 
(0) 

3 6 6 22 1 4 1 
(4) (4) (8) (16) (4) (8) (1) 

a expected number calculated from the Hardy-Weinberg equilibrium 

(2)  

1 
(0) 

2 
(1) 

genotypes significantly different from the expected 



Table C8. The observed and expected EST genotypes of D. nigrospiracula reared on 
rotten saguaro cactus at different temperatures in the laboratory — 
temperature experiment #3 

EST Genotypes 
Vial Total 1-1 1-3 1-4 1-5 2-2 2-3 2-4 2-5 2-6 3-3 3-4 3-5 3-6 4-4 4-5 4-6 5-5 5-6 
5Bo3 
A 115 6 5 17 43 2 38 4 

138 
(4) (6) (16) (47 (2) (36) (4) 

B 138 4 39 55 10 15 12 3 

L6L W 0 (39) (52 (15) (17)(10) (2) 
C L6L 15 18 1 29 50 4 30 11 2 1 

(13)(15) (2) (25) (56 (7) (31) (8) (1) (1) 
DD 103 3 7 10 1 15 38 14 14 1 103 

(5) (1) (5) (1) (21) (31 (11) (11) (8) 
E 64 2 7 

(1) 
8 15 8 19 4 1 

83 
(3) (5) (7) (2l (6) (17) (6) (1) 

F 83 2 2 13 38 5 17 3 1 1 

C500 P 
(2) (2) (15) (33 (5) (18) (5) (1) (0) 

§B 148 1 1 1 20 1 1 34 47 3 1 23 10 3 2 

128 
(1) (0) (l)(ll) (9) (0)(33) (51 (9) (2)(19) (7) (2) (1) 

H 128 1 21 6 31 41 7 3 13 5 
(2) 

H 62 
(2)(15) (9) (35) (41 (6) (2)(12) 

ID 62 12 15 21 
(6) 

6 6 2 
U (6) „ R (16) (20 (6) (3) (0) 
Jb 131 2 3 11 16 3 6 9 41 2 34 4 

(0) 

(1) (4)(12)(21) (l) (1)(10) (36 (3) (32) (4) 
K 117 1 1 5 15 2 11 45 3 7 24 1 2 

* (2> (!) (9)(11) (1) (15) (39 (2) (3)(26) (3) (4) 
L 159 2 6 10 20 17 23 56 1 23 1 159 

(1) (8) (8) (15)(15) (26) (53 (1) (27) (l) 
a expected numbers calculated from the Hardy-Weinberg equilibrium 
b genotypes significantly different from expected cC>.005 



Table C9. The observed and expected EST genotypes of D. nigrospiracula larvae 
from the desiccation experiment. 

Time 
of Total EST Genotypes 

Death Assayed 1-4 2-2 2-3 2-4 2-5 2-6 3-3 3-4 3-5 3-6 3-7 4-4 4-5 4-6 5-5 

50 52 3 1 12 19 4 2 7 2 2 50 
(2)a(l) (13) (18) (5) (1) (6) ( * )  (0) 

60 40 1 2 1 l 7 13 5 5 4 1 
(0) (3) (2) (o) (7) (12) (5) (5) w (1) 

70 8l 2 2 l 18 35 6 15 1 1 
(3) (2) (0) (19) (34) (*) (15) (3) (0) 

80 25 3 3 6 6 2 5 
(3) (2) (5) (9) (1) (4) 

90 ^7 1 2 8 2 9 13 2 1 6 3 
(0) (1) (6) (1) (9) (14) (2) (0) (5) (2) 

105 16 1 1 1 11 1 1 
(0) (2) (*) (6) (o) (0) 

125 13 1 3 1 1 5 1 1 

h (1) (2) (2) (1) (2) (1) (1) 
105 29 2 4 1 1 1 16 2 1 1 

(1) W (3) (1) (5) (8) (2) (0) (1) 

alive 60 3 10 1 8 18 5 9 5 1 
(1) (7) (6) (10) (17) (5) (7) (5) (1) 

a expected numbers calculated from the Hardy-Weinberg equilibrium 
b significantly different from expected Hardy-Weinberg .01 



APPENDIX D 

ROGERS' GENETIC DISTANCE MATRICES ALONG WITH 

THE PINAL RESULTS OF THE CLUSTER ANALYSES 

USED TO CONSTRUCT DENDROGRAPHS FOR 

D. PACHEA AND D. NIGROSPIRACULA 

GEOGRAPHIC POPULATIONS 
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Table Dl. Rogers' genetic distance estimates between D. paehea populations based 
upon EST frequencies.— 1 = Organ Pipe National Monument, 2 = Sonoita, 
3 = Rocky Point, 4 = Santa Ana, 5 = Kino, 6 = Hermosillo, 7 = Guaymas, 
8 = Empalme, 9 = Bacum, 10 = Navojoa, 11 = Zaragosa 

Population Rogers' Genetic Distance Matrix (Lower Half by Rows) 

2 .0533 

3 .0576 .0338 

4 .07^1 .0249 .0336 

5 .0806 .0350 .0308 .0137 

6 .1192 .0754 .0711 .0521 .0472 

7 .0793 .0602 .0521 .0537 .0535 .0613 

8 .1580 .1114 .1024 .0895 .0795 .0668 .1162 

9 .0739 .0282 .0266 .0156 .0121 .0586 .0599 .0851 

10 .0635 .0193 .0307 .0164 .0248 .0586 .0445 .1020 .0248 

11 .1264 .0910 .0740 .0700 .0598 .0367 .0614 .0680 .0702 

1 2 3 4 5 6 7 8 9 10 



125 

Table D2. Final results from the cluster analysis (McCammon 
and Wenninger, 1970) of Rogers' genetic distance 
estimates between D. pachea populations based 
upon EST allele frequencies. 

Population Within Group Between Group 
Name Order Distance Distance 

Kino 
1 .0121 .0121 

Bacum 
2 .0138 .0147 

Santa Ana 
3 .0179 .0220 

Navojoa 
.0269 4 .0215 .0269 

Sonoita 
5 .0247 .0311 

Rocky Point 
.0540 

Rocky Point 
6 .0331 .0540 

Guaymas 
.0689 

Guaymas 
8 .0420 .0689 

Organ Pipe 
9 .0530 .0731 

Hermosillo 
7 .0367 .0367 

Zaragosa 
.06ll 10 .06ll .0979 

Empalme 



Table D3. Rogers' genetic distance estimates between D. nigrospiracula populations 
based upon EST frequencies.— 1 = Wikieup, 2 = Burro Creek, 3 = N. Alamo 
Lake, 4 = W. Alamo Lake, 5 = Aguila, 6 = Chaco Sheep Ranch, 7 = Tucson 
(5/71), 8 = Sells, 9 = Organ Pipe National Monument, 10 = Caborca, 11 = 
Altar, 12 = Kino, 13 = Hermosillo, l4 = Empalme, 15 = San Carlos, 16 = 
Punta Prieta, 17 = San Lucas, 18 = Loreto, 19 = Los Planes 

Popu
lation Rogers' Genetic Distance Matrix (Lower Half by Rows) 

£ .0519 
3 .0785 .0350 
4 .1234 .0735 .0479 
5 .1149 .0648 .0473 .0274 
6 .1683 .1301 .1007 .0620 o0730 
7 .1044 .0589 o0304 .0201 0O266 .0719 
8 .0540 .0531 .0424 .0865 .0868 .1288 .0678 
9 .0635 .0230 .0278 .0636 <.0519 .1139 .0462 .0494 
10 .1114 .0580 .0372 .0222 0O359 .0832 .0239 .0769 .0538 
ii .1525 .1029 .0777 .0538 .0778 .0873 .0651 0IO71 .1023 .0529 
12 .0920 .0657 .0409 .0641 .0781 .1068 .0527 .0446 .0635 .0537 .0699 
13 .0855 .0365 .o4o8 .0568 .0370 .1070 .0451 .0732 .0254 .0506 .1011 

14 
0O798 

.1647 

.0370 

14 .0904 .1401 .1647 .2094 .2007 .2575 .1918 .1387 .1490 .1941 .2327 
.1723 .1671 

15 .1552 .1015 .0871 .0496 .o46o .0714 .0632 .1274 .0927 .0601 .0830 

16 
.1099 .0744 <.2376 

16 .1246 .0715 .0593 .0309 .0231 .0763 .0381 o0999 .0622 .0355 .0776 
.0853 .0456 .2069 .0355 

o0999 

17 .0393 .0391 .0680 .1079 .0940 .1587 .0914 .0664 .0455 .0951 .1415 

18 
.0955 .0587 .1093 .1313 .1017 

18 .0308 .0714 o0933 .1354 .1291 .1837 .1183 .0736 .0782 .1205 .1616 
.1020 .0984 .0761 .1660 .1340 .0497 

19 .1020 .0455 .0306 .0307 .0301 .0917 .0255 .0726 .0419 .0165 .0659 
.0591 .0359 .1845 .0623 .0341 .0820 .1123 

8 1 12 2 13 3 14 4 15 5 16 6 17 7 18 8 9 10 11 
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Table D4. Pinal results from cluster analysis (McCammon 
and Wenninger, 1970) of Rogers' genetic distance 
estimates for D. nigrospiracula populations 
based upon the EST allele frequencies. 

Population Within Group Between Group 
Name Order Distance Distance 

Burro Creek 
3 .0230 .0230 

Organ Pipe 
.0283 

Organ Pipe 
7 .0283 .0310 

Hermosillo 
9 .0314 .0345 

N. Alamo Lake 
12 .0407 .0545 

Sells 
14 .0467 .0589 

Kino IS: .0596 .0736 
Loreto 

11 .0399 .0445 
Los Planes 

8 .0308 .0308 
Wikieup 

.0741 17 .0741 .0909 
Chaco Sheep Ranch Chaco Sheep Ranch 

15 .0508 .0771 
Altar 

13 .0433 .0680 
Punta Prieta 

10 .0351 .0528 
San Lucas 

4 .0231 .0231 
Aguila Aguila 

6 .0280 .0323 
San Carlos 

1 .0165 .0165 
Caborca 

5 .0232 .0256 
Tucson (5/71) . Tucson (5/71) 

2 .0201 .0201 
W. Alamo Crossing 

.0846 
W. Alamo Crossing 

18 .0846 .1735 
Empalme 



Table D5. Rogers' genetic distance estimates between D. pachea populations based 
upon MDH frequencies.— 1 = Organ Pipe National Monument, 2 = Sonoita, 
3 = Rocky Point, 4 = Santa Ana, 5 = Kino, 6 = Hermosillo, 7 = Guaymas, 
8 = Empalme, 9 = Bacum, 10 = Navojoa, 11 = Zaragosa 

Population Rogers' Genetic Distance Matrix (Lower Half by Rows) 

2 .0170 

3 .0150 .0320 

4 .0122 .0098 .0259 

5 .0280 .0110 .0430 .0193 

6 .0050 .0220 .0100 .0165 .0330 

7 .0190 .0020 .0340 .0114 .0090 .0240 

8 .0218 .0092 .0361 .0101 .0118 .0265 .0087 

9 .0120 .0290 .0030 .0231 .0400 .0070 .0310 .0332 

10 .0246 .0087 .0393 .0157 .0066 .0295 .0072 .0094 

11 .0270 .0100 .0420 .0184 .0010 .0320 .0080 .0111 

8 

.0060 

10 

H 
ro 
co 
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Table D6. Final results from the cluster analysis (McCammon 
and Wenninger, 1970) of Rogers' genetic distance 
estimates between D. pachea populations based 
upon MDH allele frequencies. 

Population Within Group Between Group 
Name Order Distance Distance 

Sonoita 
2 .0020 .0020 

Guaymas 
.0066 

Guaymas 
6 .0066 .0090 

Empalme 
.0080 .0096 

Empalme 
7 .0080 .0096 

Navojoa 
.0045 .0063 

Navojoa 
4 .0045 .0063 

Zaragosa Zaragosa 
1 .0010 .0010 

Kino 
9 .0097 .0141 

Santa Ana 
10 .0195 .0292 

Bacum 
3 .0030 .0030 

Rocky Point 
8 .0087 

Rocky Point 
8 .0087 .0110 

Hermosillo 
5 .0050 .0050 

Organ Pipe 



Table D7. Rogers' genetic distance estimates between D. nigrospiracula populations 
based upon MDH frequencies.— 1 = Wikieup, 2 = Burro Creek, 3 = N. Alamo 
Lake, 4 = W. Alamo Lake, 5 = Aguila, 6 = Chaco Sheep Ranch, 7 = Tucson 
(5/71)* 8 = Sells, 9 = Organ Pipe National Monument, 10 = Caborca, 11 = 
Altar, 12 = Kino, 13 = Hermosillo, 14 = Empalme, 15 = San Carlos, 16 = 
Punta Prieta, 17 = San Lucas, 18 = Loreto, 19 = Los Planes 

Pop
ulation Rogers' Genetic Distance Matrix (Lower Half by Rows) 

2 .0020 
3 .0400 .0380 
4 .0220 .0200 .0180 
5 .0320 .0300 0OO8O .0100 
6 .0010 .0010 .0390 .0210 .0310 
7 .0470 .0490 .0870 .0690 .0790 .0480 

.0690 8 .0220 .0200 .0180 .0000 .0100 .0210 .0690 
9 .0490 .0470 .0090 .0270 o0170 .0480 .0960 .0270 
10 .1230 .1250 .1630 .1450 .1550 .1240 .0760 .1450 .1720 
11 .0820 .0800 .0420 .0600 .0500 .0810 .1290 .0600 .0330 .2050 
12 .0670 .0690 .1070 .0890 .0990 .0680 .0200 .0890 .1160 .0560 .1490 
13 .0344 .0324 .0079 .0131 .0056 .0334 .0812 .0131 .0159 .1571 .0483 

.1011 
14 o0320 .0300 .0080 .0100 .0000 .0310 .0790 .0100 .0170 .1550 .0500 

.0990 .0056 
.1826 15 .0598 .0578 .0204 .0380 .0282 .0588 .1067 .0380 .0121 .1826 .0233 

.1266 .0263 .0282 
16 .0463 .0448 .0314 »0333 .0310 .0456 .0872 .0333 .0341 .1605 .0567 

.1061 .0296 .0310 .0352 
17 .0420 .0440 .0820 .0640 .0740 .0430 .0050 .0640 .0910 .0810 .1240 

.0250 .0762 .0740 .1017 .0825 
18 .0260 .0280 .0660 .o48o .0580 .0270 .0210 Oo48o .0750 .0970 .1080 

o04l0 .0602 .0580 .0857 .0679 .0160 
.0970 

19 .0240 .0221 .0184 .0070 .0114 .0231 o0703 .0070 .02 69 .1462 .0594 19 
.0903 .0131 .0114 .0365 .0266 .0654 .0495 
1 2 3 4 5 6 7 8 9 10 11 
12 13 14 15 16 17 18 



131 

Table D8. Final results from cluster analysis (McCammon 
and Wenninger, 1970) of Rogers' genetic distance 
estimates for D. nigrosplracula populations 
based upon the MDH allele frequencies. 

Population Within Group Between Group 
Name Order Distance Distance 

Aguila 
1 .0000 .0000 

Punta Prieta 
5 .0037 .0056 

Empalme 
8 .0080 8 .0059 .0080 

N. Alamo Lake 
9 .0094 .0147 

Organ Pipe 
.0158 10 .0123 .0158 

Caborca 
6 .0047 .0070 

Sells 
2 .0000 .0000 

W. Alamo Lake 
12 .0159 .0285 

San Lucas 
13 .0191 .0317 

Loreto 
15 .0244 .0483 

Kino 
16 .0291 .0393 

Wikieup 
4 .0013 .0015 

Chaco Sheep Ranch 
3 .0010 .0010 

Burro Creek 
18 .0558 .0924 

Altar 
17 .0438 .0775 

Hermosillo 
14 .0213 .0287 

San Carlos 
11 ,oi4o .0185 

Los Planes 
7 .0050 .0050 

Tucson (5/71) 
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Table D9. Rogers' genetic distance estimates between 
D. pachea seasonal populations collected at 
Santa Ana, Sonora, based upon EST frequencies.— 
1 = January- 1969; 2 = November, 1969; 3 = 
July, 1970; 4 = August, 1971 

Rogers' Genetic Distance Matrix 
Population (Lower Half by Rows) 

2 .0529 

3 .0491 .0410 

4 .0625 .0565 .0863 

1 2 3 

Table D10. Rogers' genetic distance estimates between 
D. pachea rot pocket populations reared from 
cactus collected at Guaymas, Sonora.— 
1 = 231K, 2 = 231F, 3 = 231L, 4 = 231N, 
5 = 231B 

Rogers' Genetic Distance Matrix 
Population (Lower Half by Rows) 

2 .0246 

3 .1344 .1249 

4 .0744 .0562 .0761 

5 .0570 .0420 .0854 

1 2 3 



Table D1L Rogers' genetic distance estimates between D. pachea rot pocket 
populations reared from cactus collected from several different 
localities based upon EST frequencies.— 1 = Bacum; 2 = Navojoa, 
2331; 3 = Navojoa, 233B; 4 = Zaragosa, WBH; 5 = Zaragosa, D; 6 = 
Hermosillo; 7 = Santa Ana; 8 = Guaymas, 231K; 9 = Guaymas, 231F; 
10 = Guaymas,231L; 11 = Guaymas, 231N; 12 = Guaymas, 231B 

Population Rogers' Genetic Distance Matrix (Lower Half by Rows) 

2 TOOT ~ 

3 .0335 .0838 

4 .0222 .1000 .0397 

5 .0304 .0588 .0387 .0425 

6 .0464 .0721 .0590 .0634 .0409 

7 .0429 .0748 .0675 .0510 .0342 .0433 

8 .0728 .0271 „o6o4 .0834 .0458 .0649 .0722 

9 .0724 .0170 .0713 .0848 .0431 .0572 .0591 -0246 

10 .0768 .1401 .1064 .0688 .0907 .1016 .0685 .1344 .1249 

11 .0586 .0703 .0817 .0678 .0445 .0550 .0207 .0744 .0562 .0761 

12 .0450 .0581 .0634 .0580 .0258 .0403 .0205 .0570 .0420 .0854 .0211 

1 2 3 4 5 6 7 8 9  1 0  1 1  
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Table D 12. Rogers' genetic distance estimates between 
D. nigrospiracula seasonal populations col
lected at Tucson, Arizona based upon MDH 
frequencies.— 1 = 12/68, 2 = 2/71, 3 = 
4/71, 4 = 5/71s 5 = 7/71, 6 = 9/71, 7 = 
11/72 

Popu- Rogers' Genetic Distance Matrix 
lation (Lower Half by Rows) 

2 .06bb 

3 .0350 .0337 

4 .0070 .0756 .0420 

5 .0570 .0121 .0220 .0640 

6 .0450 .0238 .0100 .0520 .0120 

7 .0130 .0816 .0480 .0060 .0700 

1 2 3 4 5 

Table D13. Rogers' genetic distance estimates between 
D. nigrospiracula rot pocket populations 
collected from a single rotting saguaro 
(November, 1972) based upon MDH frequencies.— 
1 = 0.7 m., 2 = 4.0 m., 3 = 1.0 m„, 4 = 
0.0 m., 5 = 2.0 m. 

Popu- Rogers' Genetic Distance Matrix 
lation (Lower Half by Rows) 

y .0050 

3 .0190 .0210 

4 .0259 .0230 .0440 

5 .0497 .0470 .0680 .0240 

1 2 3 4 



Table Dl4. Rogers' genetic distance estimates between D. nigrospiracula rot 
pocket populations collected at different times of the yearbased 
upon MDH frequencies.— 1 = log #7, 0.7 m.; 2 = log #7, 3 m.; 3 = 
log #7i 4m.; 4 = #4, 1 m.; 5 = #4, 0.0 m.; 6 = #4a 1.5 m.; 7 = #1, 
0.7 m.; 8 = #1, 4m.; 9 = 1 m.; 10 = #ls 0.0 m.; 11 = #1, 2 m. 

Population Rogers' Genetic Distance Matrix (Lower Half by Rows) 

2 ,0229 

3 .0856 .0636 

4 .0706 .0480 .0173 

5 .0617 .0390 .0255 .0090 

6 .0825 .0602 .0046 .0131 .0216 

7 .0720 .0497 .0142 .0046 .0114 .0105 

8 .0696 .0470 .0182 .0010 .0080 .0140 .0050 

9 .0906 .0680 .0100 .0200 .0290 .0095 .0190 .0210 

10 .0467 .0240 .0399 *0240 .0150 .0364 .0259 .0230 .0440 

11 .0229 .0000 .0636 .o48o .0390 .0602 .0497 .0470 .0680 

1 2 3 4 5 6 7 8 9 10 



Table D15. Rogers' genetic distance estimates between D. nigrospiracula seasonal 
populations collected at Tucson based upon the EST frequencies. — 
1 = 3/7^, 2 = 2/74, 3 = 1/74, 4 = 6/73, 5 = 11/72, 6 = 9/71, 
7 = 7/71, 8 = 4/71, 9 = 2/71, 10 = 12/68, 11 = 5/71 

Population Rogers' Genetic Distance Matrix (Lower Half by Rows) 

2 .0983 

3 .0446 .0720 

4 .0510 .0663 .0476 

5 .0321 .0793 .0491 .0488 

6 .0624 .0576 .0650 .0355 .0407 

7 .0826 .0481 .0770 .0415 .0661 .0267 

8 .0602 .1548 .0964 .0971 .0833 .1102 .1316 

9 .0961 .0275 .0735 .0764 .0751 .0632 .0603 .1548 

10 .0546 .0570 .0398 .0551 .0328 .0466 0O653 .1090 

11 .0686 .0351 .0550 .0359 .0497 .0248 .0267 .1229 

.0529 

6 7 8 9 10 

H 
Co 
G\ 
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Table P 16. Rogers' genetic distance estimates between D. 
nigrospiracula rot pocket populations collected 
from a single rotting saguaro (November, 1972) 
based upon EST frequencies. — 
1 = 4  m . ,  2 = 2  m . ,  3 = 1  m . ,  4  =  0 . 7  m . ,  5  -
0.0 m. 

Popu
lation 

Rogers' Genetic Distance Matrix 
(Lower Half by Rows) 

3 

4 

2 

5 

.1269 

.1274 .0198 

.1095 .0774 .0836 

.0401 .1070 .1061 .0853 

12 3 4 



Table D 17. Rogers' genetic distance estimates between D. nigrospiracula rot pocket 
populations based upon EST frequencies. These rot pocket populations 
were collected from different cacti at different times of the year in the 
Tucson vicinity. —1 = #1, 4m.; 2 = #2, 3 m. larvae; 3 = #3> 2.5 m.; 
4 = #la 2m.; 5 = #ls 1 m.; 6 = #1, 0.7 m.; 7 = #1? 0 m.; 8 = #4, 0 m. 
larvae; 9 = #2? 5m.; 10 = #2, 5m. (9 + 10 combined in text); 11 = #4, 
1.5 m.; 12 = #4, 1 m.; 13 = #6; 14 = #5S larvae; 15 = #7S 0.7 m.; l6 = 
#7, 3m.; 17 = #7, 4 m. 

Popu
lation Rogers' Genetic Distance Matrix (Lower Half by Rows) 

2 70598 ~ 
3 .1097 o0532 
4 .1269 .0810 ,0405 
5 .1274 0O787 .0343 .0198 
6 .1095 .1001 .0961 .0774 .0836 
7 .o4oi .0513 .0899 .1070 .1061 .0853 
8 .o46i .0613 .1110 .1344 .1331 .1405 .0759 
9 .0873 .0348 .0298 .0606 .0549 .0893 .0633 .0952 

10 .0957 .0443 o0590 .0970 .0903 .1381 .0903 .0781 .0534 
11 .1436 .0949 .0467 .0277 .0225 .0877 .1183 .1520 .0667 .1047 
12 .0172 .0455 .0969 .1178 0II78 .1087 .0344 .0439 .0737 .0805 .1335 
13 .0859 .0828 »0919 .0777 .0863 .0419 .0764 .1117 .0855 .1233 .0985 

.0870 
.0419 .1233 .0985 

14 .0631 
.0760 

.1133 
.1229 

.1625 .1752 .1783 .1557 .1021 0O667 .1450 .l4l8 .1965 

15 .1035 .0734 .0574 .0434 .0477 .0394 .0769 .1249 .0551 .1048 .0536 

16 
.0972 .0518 .1563 

.0394 

16 .1063 .0553 .0191 .0397 .0319 .0820 .0812 .1147 .0256 .0698 .04l8 
.0946 .0844 .1625 .0434 

.0319 .0698 

17 .0767 .0424 .0464 .0526 .0544 .0610 .0558 .0934 .0364 .0782 .0683 
.0686 .0522 .1305 .0330 .0381 

8 1 2 3 4 5 6 7 8 9 10 11 
12 13 14 15 16 



Table Dl8.Rogers' genetic distance estimates between D. nigrospiracula lab
oratory populations maintained at 20OC and 2yoc based upon EST 
frequencies.— 1 = A, 2 = B, 3 = C, 4 = Ds 5 = E, 6 = F, 7 = 
8 = H, 9 = Is 10 = Js 11 = K, 12 = L 

Population Rogers' Genetic Distance Matrix (Lower Half by Rows) 

£ .194b 

3 .0976 .1364 

4 .1896 .0701 .1132 

5 .0710 .1913 .0810 .1680 

6 .0814 .1154 0O672 .1175 .0895 

7 .1607 .0707 .0806 .0586 .1522 .0929 

8 .2142 .0863 .1313 .0855 .2080 .1492 .0589 

9 .2038 .0672 .1201 .0617 .1918 .1344 .0466 .0307 

10 .1122 .2334 .0980 ol996 .0827 .1441 .1741 .2186 .2112 

11 .0762 .1756 .0488 .1530 .0671 .0833 .1201 .1703 .1631 .0678 

12 .1269 .1461 
.0785 
1 2 

.0616 

3 

.1129 

4 

.1247 

5 

.1010 

6 

.0851 

7 

.1231 

8 

.1208 

9 

.1195 

10 
11 

H 
CO 
vo 
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