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ABSTRACT

Species of the acalyptrate Diptera family Chamae-
myiidae are investigated for genetic variability using
morphometric and electrophoretic techniques. Considerable
genetic divergence has occurred within and between species.
Geographic speclation 1s a probable evolutionary mechanism
operating upon Arizona chamaemyiids. Discriminant analysis
of morphometrical characters in the genus Chamaemyila
correctly assigns 97% of the individuals to species. Maha-
lanobis D2 estimates of morphological distance grouped C.

aridella, C. polystigma, and C. herbarum. C. fumicosta is

most widely separated. Specles of Pseudodinia are not well
discriminated morphologically (78%). Mahalanobis D° es-
timates paired P. nitens with P. sp. 2 and P. sp. 3 with P.
sp. 4, placing P. varipes distant from either pair. The
genus Leucopls is well discriminated (94%). Estimates of
D2 closely grouped L. ocellaris, L. sp. H, L. pemphigae,
and L. bellula, all members of the "ocellaris" species
group. Isozyme differences within the "ocellaris" group are
greater than their phenotyplc differences. The proportion
of unshared isozymes between genera shows Leucopis to be
the most derived (36% unique), Chamaemyia next (21%), and
Pseudodinia least derived (10%). The proportion of shared

xi



xii
isozymes may be a measure of common ancestry. Chamaemyia

and Leucopls share only 1%, Pseudodinia and Leucopis share

12%, and Pseudodinia and Chamaemyla share 10%.

Geographic variation in populations of C. herbarum
are compared electrophoretically and morphometrically.
Populations from isolated mountains in Arizona are compared
with continuously distributed populations in the Colofado
Rockies., Nei's genetic distance measurement, based upon
seven enzyme loci, identifies distinct northern and south-
ern races. A simlilar separation 1is seen with the discrim-
inant analysis of morphometric data. Geographic isolation,
small populatlion size and linbreeding all tend to randomize
isozyme frequencies; however, several patterns of variation
were observed. Genetlc distance estlimates group southern
populations according to Dice's biotic provinces. Regional
patterns of phosphoglucomutase and adenylate kinase
variation, between northern and southern populations, are
reproduced microgeographically between meadow populations
collected at increasing elevation in a single mountain
range. Parallel patterns of isozyme variation are observed
between P. varipes and C. herbarum populations. Malic acid
dehydrogenase, fumarase, and phosphoglucomutase isozyme
frequencies are correlated with elevation in both species.
P. varipes populations in southern Arizona were examined to

detect seasonal variation. Alpha-glycerophosphate



xiii

dehydrogenase isozyme frequencies change significantiy
between seasonal collections. Significant deviations from
Hardy-Weinberg equilibrium suggest nonrandom mating between
X-GPDH genotypes. Localized selection for regulatory
glycolytic enzyme variation is hypothesized for alpine

Diptera.



CHAPTER 1
INTRODUCTION

The acalyptrate Diptera family Chameemyiidae com-
prises a relatively small group of flies whose larvae are
predators of aphids, mealybugs, and scale insects. The
family has received little attention from dipterists, prob-
ably because the flies are generally small with few distin-
guishable characteristics between species. This lack of
easlily discernible taxonomic characters prompted Aldrich
(1914, p. 404) to state that, "specific characters of the
genus Leucopls are so obscure and uncertain that one is al-
most inclined to doubt whether the half dozen species from
North America are not really forms of the same one." Yet,
Leucopls is the largest genus, with 20 described species
and many still undescribed.

Nearctic members of the family are distributed among
seven genera and total 38 described species, with many more
undescribed. The famlly is classified into two subfamilies.
Cremifaniinae has only one genus, Cremifania, and two de-
scribed specles, one of whlch was introduced from Europe
(McAlpine 1963). The subfamily Chamaemylinae is dlvided
into two rather divergent evolutionary lines, the tribe
Chamaemyiini, with five genera and 16 species; and the tribe

1



Leucopinl, with one genus, Leucopis, which has four sub-
genera and 20 species. Malloch (1921) wrote the first com-
prehenslve work on North American specles and later wrote

keys to Pseudoleucopis (1930), Plunomia and Pseudodinia

(1940). McAlpine (1960, 1963) has published the most recent
and useful keys to the North American subfamilies, tribes,
genera, and subgenera. There are no publlshed keys to the
North American species of Chamaemyia nor of the largest
genus, Leucopis, although 13 Nearctic specles of the sub-

genus Neoleucopls are described by McAlpine (1971).

Morphology has been the basis of taxonbmy or speciéé
recognition. Traditional methods are not appllied easily to
the similar appearing species of Chamaemylidae. Ayala and
Powell (1972) have shown that electrophoretic enzyme var-
lants can be used as diagnostlc characters between closely
related sibling specles of Drogophila, specles that cannot
be distinguished easily by external morphological differ-
ences. The electrophoresis of multiple genetic loei has
become a useful taxonomic tool as well as an established
means of analyzing the genetic variation 9f populations
(for reviews see Wagner and Selander 1974, Avise 1974,
Lewontin 1974, and Ayala 1976).

Discriminant analysis of morphological measurements
(morphometrics) is useful in the classification of very sim-
ilar groups (Blackith and Reyment 1971, Sneath and Sokal
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1973, and Atchley and Bryant 1975). This technique has, for
example, distinguished populations of honeybees (DuPraw
1965) and termites (Sands 1972). Multiple metric measure-
ments can diseriminate simllar organisms or populations by
means of discriminant functions. Discriminant functions are
used for purposes of identificatlion and might be thought of
as the "modern" Adonsonian taxonomist's equivalent to the
"traditional" taxonomist's key. Keys usually weigh certain
characters and ignore most correlations between characters.
The discriminant function 1s essentially a weighted averasge
of a set of measurements, the weilghting being computed so as
to compensate for redundancy of information due to intercor-
relations between measurements (.Jolicoeur, 1959).

The famlly Chamaemyiidae is characterlzed by morpho-
logical uniformity. The purpose of this study 1s to deter-
mine whether this morphological consefvatism is the result
of genetic similarity. Populations and specles are analyzed
morphometrically on the basls of measurements of external
features, and electrophoretically by determination of
isozyme variation. Both of these techniques measure genetic
variation. The morphological phenotype may be the result
of a comblnation of genes interacting with environmental
factors. Isozymes (Markert and Moller 1959) are the prod-
ucts of mutations, usually at single enzyme loci, which

differ in net charge while retaining catalytic activity. The



value of these techniques in differentiating populations,
discriminating species, and indlcating relationships are
compared,

Arizona is an excellent site from which to study
Chamaemyliidae species relationships and mechanlsms of spe-
clation. Ten of the 38 described species of chamaemyiids
in America North of Mexico are found in Arizona. In addi-
tion, 12 undescribed species have been collected. The state
contains the distributional limits of northern, southern,
and eastern faunas. The influx of diverse species and gen-
otypes is molded by the region's insular topography, char-
acterized in the southeastern part by desert-isolated
mountaln ranges. This study attempts to examine the first
step toward speciation: +the differentiation of populations.



CHAPTER 2
METHODS

All flies were from natural populatlions. Most were

swept from grasses as adults and only two, Leucopls bellula

Williston and L. sp. 6L, were reared from larvae collected
in the field. Specific collection localities are listed
with each separate study. Usually, flies measured for the
morphological analysis were killed in cyanlde vials in the
field and pinned within a few hours. Flies to be assayed
electrophoretically were placed in an ice cooler and returned
to the laboratory where they were sorted and placed in a
freezer at -20°C. On longer collecting trips, flles were
sorted in the field and immediately placed on dry lce at less
than -20°C and kept frozen on dry ice until they could be
placed in the laboratory freezer. This use of dry ice was
very slmple, effective, and prevented the loss of valuable
specimens. The only disadvantage was that the specimens
frequently lost antennae from vibration in transit and thus

could not be used for morphological studies.



Morphometrics

Morphological measurements were taken from pinned
specimens with a calibrated Bausch and Lomb Stereo Zooﬁ@
dissecting microscope equipped with a foot-pedal operated
automatic focusing device (Electra-FocusGZ Gomco Corp.,
Buffalo, N. Y.). Calibration was made at a magnification
of 40.5_x using a Leitz stage micrometer and an ocular
Whipple disc. Measurements at 40.5 X were made to the near-
est 0.01 mm. Initially, 32 randomly chosen structures were
measured from each of four species. Data were analyzed and
the measurements which gave only "noise" and contributed
nothing significant to the discriminant analysis were iden-
tifled and dropped from further use. For the final morpho-
logical analyses, thirteen external morphological characters
were used. These characters were as follows: ocellar
triangle base, ocellar triangle side, eye length, eye helght,
cheek width, third antennal segment height, third antennal
segment length, arista length, mesonotum length, mesonotum
width, wing length, medial-cubital vein length, and radial-
medial veln length.

Morphological data were analyzed with the BMD O7TM
Stepwise Discriminant Analysis computer program (Sampson
1973) run on a CDC 6400 computer. The program performs a
multiple group discriminant analysis which provides classifi-
cation functions that yield the probabilities of each sample



belonging to each preassigned group. Thus, a probabllity

of correct identification is provided based upon morpho-
logical measurements. The procedure uses statistics of
measured characters in each population as discriminating
variables and weights them in order to force each population
to be as distinct as possible. Specimens are sorted into
groups one step at a time (stepwlse) using one additional
character at each step until the best possible discrimina—
tion is obtained.

Species relationships based upon morphological
measurements are glven by a distance measurement, Mahalan-
obis D2 (Mahalanobis 1936). The p2 statistic 1s a sum of
squares of differences between corresponding mean values of
two sets of welghted measurements. The D2 statistic has
become widely used because 1t is an actual measure of metric
distance between population centroids (Atchley and Bryant
1975). The distance matrix was used to construct a dendro-

gram with a program called The Dendrograph (McCammon and

Wenninger 1970). A listing of this program is given in
Appendix A. The output 1ls a two-dimensional dlagram de-
plcting the relationships among species by using palrwise
distances. Construction of the dendrograph is based upon
clustering using the unwelghted pair-group method of Sneath
and Sokal (1973).



Electrophoresis

Horizontal starch gel electrophoresis after Smithies
(1955) was used in combination with histological staining
techniques. Two types of hydrolyzed starch were used: 12%
w/v Connaught@)(Fisher Seientific Co., Chicago, Illinois)
and 10% w/v Electrostarchda(otto Hiller Electrostarch Co.,
Madison, Wisconsin). Gels were prepared by heating 400 ml.
of starch suspension in a vacuum flask. The starch suspen-
sion was constantly swirled over a bunsen burner until it
became viscous and translucent (near boiling). The flask of
heated starch was evacuated to remove alr bubbles and peured
into a plexiglass mold. After cooling, the gel was wrapped
with plastic wrap and stored overnight.

Flies were individually ground in a delrin plastic
block with 0.05 ml. of distilled water. Each homogenate
was adsorbed by a 4 X 9 mm. piece of Whatman@>#l filter
paper. A paper was inserted into a slot made parallel to and
5 em. from the edge of the gel mold. The gel was attached
to the platinum wire electrode trays as shown in Figure 1.
Gels were run at 120 volts by a power supply until the front
had migrated anodally 12 cm. After the run was completed,
the gel was cut horizontally with a fine plano wire into
four slices 2 mm. thick. The top slice was discarded and
each remaining slice was placed into a plastic box containing

100 ml. of a specific staining solution. The gels in



Starch Gel Electrophoresis Apparatus

ice tray
A
A
B J B
C
/
E D E
A. saran wrap C. starch gel E.buffer tray
B. sponge D.slot (origin)

Figure 1. Starch Gel Electrophoresis Apparatus.
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staining solutions were placed in an oven at 37°C and
allowed to stain overnight. After stalning, gels were fixed
for five to eight hours in a 1:5:5 mixture of acetic acid,
methanol, and water. The gels were wrapped in Saran Wrap@)
for storage. The composition of buffers and staining solu-
tions are listed below. Additlonal procedural details can
be found in Brewer (1970).

The three buffer systems used are from Ayala et al.
(1972) and enzyme assays were modified from Shaw and Prasard
(1970) and Brewer (1970).

Buffer system A: gel, 76 mM Tris (Tris(hydroxymethyl)
aminomethane) and 5 mM citric acid, pH 8.6; electrode buffer,
300 mM boric acid and 60 mM NaOH (Poulik 1957).

Buffer system B: gel and electrode buffer, 87 mM EDTA
(ethylenediamine tetraacetic acid), and 1 mM beta-NAD' (nic-
otinamide adenine dinucleotide), pH 9.0.

Buffer system C: gel buffer, 9 mM Tris, 3 mM citric
acld, pH 7.0; electrode buffer, 135 mM Tris and 45 mM citric
acid.

Enzyme assays were as follows:

Acid phosphatase (ACPH) (E. C. # 3.1.3.1,2) Electro-
starch, buffer B, 6 hrs. at 24 v/cm. Stain: 100 mg. MnCl,,
100 mg. MgCly, 100 mg. PVP (polyvinyl pyrrolidone), 300 mg.
NaCl, 160 mg. Na-alpha-naphthyl acid phosphate, Fast Blue RR
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salt; Buffer: 25 ml. 0.2 M tris acid maleate, 13 ml.
0.2 M NaOH, 62 ml. HOH, pH 5.0.

Malic acid dehydrogenase (MDH) (E. C. #1.1.1.37) Elec-
trostarch, buffer B, 6 hrs. at 24 v/cm.; Stain: 20 mg. NBT
(nitro blue tetrazolium), 25 mg. beta-NAD', 25 mg. malic
acid, 1 mg. PMS (phenazine methosulfate); Buffer: 100 ml.
0.1 M tris-HCl, pH 8.L4. .

Alpha-glycerophosphate dehydrogenase ( X-GPDH) (E. C. #
1.1.1.8) Electrostarch, buffer B, 6 hrs. at 24 v/cm.; Stain:
25 mg. beta-NAD', 20 mg. NBT, 180 mg. EDTA, 800 mg. alpha-
glycerophosphate, 5 mg. PMS; Buffer: 100 ml. 0.1 M tris-HC1,
pPH 8.4.

Phosphoglucomutase (PGM) (E. C. # 2.7.5.1) Fisher
starch, buffer C, 4 hrs. at 15 v/em.; Stain: 600 mg. MgClo,
10 mg. NADPH( nicotinamide adenine dinucleotide phosphate),
10 mg. MIT (thiazoyl blue), 80 units glucose-6-phosphate
dehydrogenase, 1 mg. PMS (after 1} hrs. incubation); Buffer:
100 ml. 0.1 M tris-HCl, pH 8..4.

Adenylate kinase (AK) (E. C. # 2.7.4.3) Fisher starch,
buffer C, 4 hrs. at 15 v/em.; Stain: 90 mg. glucose, 20 mg.
MgCls, 25 mg. NADP+, 25 mg. ATP (adenosine-5'-triphosphate),
6 mg. MTT, 80 units glucose-6-phosphate dehydrogenase, 160
units hexokinase, 1 mg. PMS (after 11 hrs. incubation);

Buffer: 100 ml. O.1 M tris-HCl, pH 8..4.
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Hexokinase (HEX)(E.C.#2.7.1.1) Fisher starch,buffer C,lhrs.
at 15 v/em.; Stain: 90 mg. glucose,20 mg. MgCly,25 mg.ATP,25mg.
NADPY,6 mg. MTT, 80 u. glucose-6-PQ) dehydrogenase, 1 mg.PMS;
Buffer: 100 ml. 0.1 M tris-HCl, pH 8.4. .

Fumarase (FUM) (E. C. # 4.2.1.2) Fisher starch, buffer
A, 4 hrs. at 20 v/cm.; Stain: 50 mg. NADT, 20 mg. NBT, 200 mg.
fﬁmaric acid, 200 units malic dehydrogenase, 1 mg. PMS (after
1% hrs. incubation); Buffer: 100 ml. 0.1 M tris-HCL, pH 8.4.

The mechanism of inheritance of most of these
enzyme loci is reviewed for Drosophila by Dickinson and
Sullivan (1975). In this dissertation, enzyme data are re-
ported as genotypes but the genetic interpretation is in-
ferred. Although the genetic basis of isozyme variation in
flies is usually easlly demonstrated by mating tests, at-
tempted breeding experiments with parasitoid chamaemyiid
specles have not been successful. All systems are consis-
tent with patterns of genetic variation such as the presence
or absence of hybrid bands as observed in other Diptera.

After staining, lsozymes are detected on the starch
gel as discrete bands which have migrated a specific dis-
‘tance from the origin. If more than one system of bands
(enzyme locus) appears on the gel, the group of bands which
migrates farthest 1s designated A. In each system (locus),
the most negatively charged enzyme band (allele) which



13
migrates farthest 1s designated 1. The isozymes are numbered
in decreasing distance from the origin. In population com-
parisons, individuals from different populations are placed
together on each gel and the mobility position of each
isozyme is determined relative to the most common band. For
the species comparison, flies of different species were
assayed together in the same gel to eliminate differences
due to gels, buffers, voltage, or other variables. When-
ever slight mobility differences were observed, flies from
the two species concerned were assayed in a gel side by side.

Nei's standard genetic distance estimates (Nei and
Roychoudhury 1974) were used to compare lsozyme frequencies
of populations and species within genera. The Edwards and
Cavalli-Sforza (1972) E° statistic was used to determine
genetic distances between genera. A complete listing of the
two computer programs is given in Appendix A. Each genetic
distance matrix was used to construct a dendrogram by the

method of MeCammon and Wenninger (1970).



CHAPTER 3
SPECIES COMPARISONS

Both morphological and isozyme differences are used
to determine speciles relatlonships. Discriminant analysis
provides identification and classification analyses and the
Mahalanobils D2 statistic provides a single direct measure of
divergence between any two groups. Distance estimates of Nei
or Edwards and Cavalli-Sforza provide a measure of differ-
ences between any two groups. These distance estimates
can be used in phenetic methods of analysis.

For morphometric analysis, 12 specimens were meas-
ured for each specles except for C. aridella (Fallen) (8
specimens). Equal numbers of females and males were used.
The number of individuals assayed electrophoretically varied
with each species. Sufficient numbers of live flies were
not available to determine specles relationships based upon
isozyme frequencies within the genera Chamaemyla and Pseudo-
dinia. An electrophoretic analysis of enzyme variability
was conducted between species of Leucopis. Genetic distances
between genera were determined from both morphological and
electrophoretic data.

14
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Chamaemyia

Specimens of Chamaemyia herbarum (Robineau- Des-

voldy) and C. fumlcosta Malloch were collected in Arizona.
C. aridella (Fallen), C. geniculata (Zetterstedt), and C.
paludosa Collin were collected in Alaska, and C. polystigma
Melgen came from Ohio. The mean and standard deviation for
the 13 characters used throughout the study are given in
Appendix Table B 1. The morphometric classification of
Chamaemyla species is glven in Table 1. An excellent 97%
discerimination of species was accomplished: only two were

misclassified, one C. polystigma as C. geniculata and one

C. geniculata as C. aridella. Although 13 characters were -
analyzed, five characters accounted for 97% of the species
discrimination. These characters and thelr U-statistic,
a measure of each character's diseriminating power, are as
follows: mesonotum length (0.094), cheek width (0.031),
third antennal segment height (0.014), eye length (0.008),
and ocellar triangle base (0.007).

Mahalanobis D2 estlmates of morphological distance
(Table 2) are plotted in the dendrograph shown in Figure 2.
The distance between species within a group is given on the
horizontal axis. The distance between groups is measured
on the vertical axis. C. fumicosta is widely separated from
the rest of the species reflecting its larger size (e.g.,

X mesonotum length of C. fumicosta = 1.36 mm. vs. C. herbarum
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Table 1. Number of Individuals Classified into Chamaemyla
Specles based upon Morphological Data.
Identifications: ARID,aridella; POLY,Eolzsti%ma;
HERB,herbarum; FUMI,fumicosta; GENI,geniculatas;
PALU,paludosa.

ARTID POLY HERB FUMI GENI PALU
ARID 8
POLY 11 1
HERB 12
FUMI 12
GENT 1 11
PALU 12

Table 2. Mahalanobis D° Distance between Species of
Chamaemyia.

Identifications: ARID,aridella; POLY,polystigma;
HERB,herbarum; FUMI,fumicosta; GENI,geniculataj;
PALU,EaIuHosa.

_ARID POLY HERB FUMI GENI PALU

ARID 0.000

POLY 8.847 0.000

HERB 8.996 11.990 0.000

FUMI 77.795 63.099 T72.753 0.000

GENI 12,146 15.1434 17.648 129.014  0.000

PALU 15.990 28.523 47.000 102.052 32.377 0.000
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Mahalanobis D2Distance Estimates
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Figure 2. Mahalanobis D2 Distance Estimates between Species
" of Chamaemyila.
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X = 0.88 mm.). Chamaemyia paludosa is intermediate between

C. fumicosta and the remaining four species, which form a

tighter group. Chamaemyia aridella and C. polystigma are

paired, and C. herbarum and C. geniculata are nearly equally

distant from each other and from the former pair.

Pseudodinia

All species of Pseudodinla were collected from

Arizona., The results of the discrimination analysis of
morphological measurements are shown in Table 3. The mean
and standard deviation for the 13 characters are given in
Appendix Table B 2. Seven characters were used before 78%
of the specimens were discriminated. The U-statistics for
the seven characters are as follows: eye length (0.650),
mesonotum length (0.403), third antennal segment helght
(0.274), ocellar triangle side (0.173), medial-cubital vein
length (0.124), arista length (0.100), and ocellar triangle
base (0.080). Each species had at least one (PS2) or two
(varipes Coquillett, PS3, and PS4) specimens misclassified.

Pseudodinia nitens (Melander and Spuler), with six specimens

misclassified, does not form a morphologically well defined
species and accounted for nearly half of those misclassified.
Mahalanobis D> estimates (Table 4) were used to form

the dendrograph of Pseudodinia spp. (Fig. 3). Surprisingly,

although P. nitens and P. varipes are difficult to separate

morphologically, P. nitens is shown most distant from



Table 3. Number of Individuals Classifled into
Pseudodinia Specles based upon Morpho-
logical Data.

Identificatlions: NITS,nitens; VARI,varipes;
PS 2,P. sp.2; PS 3,2,’sp.3; PS 4,2: Sp. T,

NITS VARI PS 2 PS 3 Ps 4

NITS 6 3 2 1
_VART 1 10 1
PS 2 1 11

PS 3 1 10 1
Ps b 2 10

Table 4, Mahalanobis D2 Distance between Species
of Pseudodinia.

Identlifications: NITS,nitens; VARI,varipes;
PS 2,P. sp.2; PS 3,2.,sp.3; PS 4,2: sp.g ’

NITS VART PS 2 PS 3 PS 4

NITS 0.000

VARI 9.545  0.000

PS 2 3.g28 18.441 0.000

PS 3 6.849 13.629 17.993 0.000

PS 4 5.001 13.852 12.281 4.694 0,000
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Figure 3. Mahalanobis D2 Distance Estimates between
Species of Pseudodinia.
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P. varipes. The characters used in keys, however, involve
pruinosity and coloration; none of the metric characters
listed above is used. The electrophoretic data (Tables 7
to 12,pp.#25 to 30) also confirmed this separation of P.

nitens and P. varipes. Pseudodinia sp. 3 and PS4 are shown

together, intermediate between P. nitens, PS2, and P.varipes.

Leucopis
All seven Leucopis species were collected from

Arizona except L. pinicola Malloch and L. pemphigae Malloch,
both from Ohio. The mean and standard deviations for 13
morphological characters are given in Appendix Table B3.
The discrimination of Leucopis spp. was good (Table 5); 94%
of the specimens were assigned to the correct species. Two
species had specimens misclassified: L. bellula Williston
with two as L. ocellaris Malloch, and L. ocellaris with one
as L. bellula and two as sp. 64, The four characters pro-
viding 94% of the species discrimination and their U-statis-
tics are as follows: ocellar triangle base (0.160), cheek
width (0.051), third antennal segment length (0.200), and
mesonotum length (0.014). Figure 4 plots the Mahalanobis

D2 morphological distance estimates (Table 6) between spe-
cies. Little is known taxonomically of relationships within
the genus, but the D2 estimates do reflect some of the known
associations. L. ocellaris, L. sp. 64, and L. pemphigae are

three members of McAlpine's "ocellaris species group", a



Table 5.

22

Number of Individuals Classified into Leucopis
Species based upon Morphological Data.

Identifications: BELL,bellula; L 82,L. sp. 82;
BIVT,bivittata; OCEL,ocellaris; L H,L. sp. H;
PEMP ,pemphigae; PINI,pInicola.

BELL L 82 BIVIT OCEL L H PEMP PINI

BELL 10 2
L 82 12
BIVT 12
OCEL 1l 9 2
L E 12
PEMP 12
PINI 12
Table 6. Mahalanobis D2 Distance between Species of
Leucopis.
Identifications: BELL,bellula; L 82,L. sp. 82;
BIVT,bivittata; OCEL,ocellaris; L H,L. sp. H;
PEMP,pemphigae; PINI,pinicola.
BELL L 82 BIVT OCEL L H PEMP __ PINI
BELL 0.000

L 82 42.524 0.000
BIVF 18.468 18.835 0.000

OCEL

L H 12.833
PEMP 19.751 41.947 39.194

5.461 23.945 22.68g 0.000

7.342 33.04

5.842 0.000
7.655 7.002 0.000

PINI 28.206 103.530 68.411 25.660 17.551 25.961 0,000
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relationship that is reflected in their position in the den-

drograph. Leucopis pinicola is the only member of the sub-

genus Neoleucopis studied, and it is not plotted close to

any of the other species. L. sp. 82 and L. bivittata
Malloch are morphologically the largest species and on this
basis are set apart.

Five species of Leucopis were assayed electrophoret-
ically to detect isozyme variation for six enzymes. The
- same frequencies used for within-genus comparisons were used
for between-genera comparisons and are included in Tables
7 to 12. Nei's genetic distances are given in Table 13. The
dendrogram based upon Nel's genetic distance estimates 1s
shown in Figure 5. Leucopis sp. E and L. sp. H are closely
related, but L. ocellaris, L. sp. 82, and L. bellula are
nearly equidistant from each other. The ocellaris group may
be morphometrically similar but has diverged at the molecular

enzyme level,

Between Genera

The discriminant analysis of species from each of
the three genera was conducted to determine if morphometrics
can accurately compare different genera. Table 14 shows the
results of this analysis. All species were assigned to the
correct genus and 82.4% of the specimens were assigned to
the correct species. This indicates that discrimination can

be obtained between genera. Those misclassified were two



Table 7. Alpha-glycerophosphate Dehydrogenase Isozyme Frequencles
of Chamaemyildae Used for Species Comparisons.

Relative Mobility Position of Isozymes Total

Speciles 1.2 1.1 1.0 .9 .8 Assayed
Chamaemyla
herbarum .096  .004 373
Tumicosta 1.000 11
Juncorum 1.000 9
Pseudodinia
varipes .262 ,738 227
nitens 91,059 59
Sp. 3 1.000 10
Leucopls
oceglaris 1.000 3
bellula 1.000 2
Sp. 82 .600 .4oo 10
sp. E 1.000 8
sp. H 1.000 4

G2



Table 8. Adenylate Kinase Isozyme Frequencies of Chamaemyildae
Used for Species Comparisons. :

Identifications:

HERB, herbarum; FUMI, fumicosta; JUNC, Jjuncorum;

VARI, varipes; NITS, nitens; PS 3, P. sp. 33 OCEL, ocellaris;

BELL, bellula; L 82, L. sp. 82; L H, L. sp. H; L E, L. sp. E.
Relative Mobility Positions of Isozymes To-
Species 3.8 3.7 3.5 3.4 3.3 3.2 3.1 3.0 2.9 2.7 2.5 2.4 1.9 1.5 tal
Chamaemyia
"—HERB! ; 008 .236 .271 489 375
FUMI 1.000 11
JUNC 1.000 T
Pseudodinla
VART 025 517 .4h4h 011 .003 180
NITS .029 .943 ,029 35
PS 3 .055 .qul 9
Leucopls
EEEE .500 .500 1
BELL .500 .500 1
L 82 .500 ,200 .100 .,150 ,050 10
L E 7 .583 6
L H 1.000 L

Qe



Table 9. Acid Phosphatase Isozyme Frequencies of Chamaemyiidae
Used for Specles Comparisons.

Identifications: HERB, herbarum; FUMI, fumlcosta; JUNC,

Juncorum; VARI, varipes; N1TS, nitens; PS 3, P. sp. 3; OCEL,
ocellaris; BELL, bellula; L 82, L. sp. 82; L H, L. sp. H;

1 E, L. sp. E.

Relative Mobility Positions of Isozymes
Species 1.6 1.5 1.4 1.3 1.2 1.1 1.0 .9 .7 .6 .5 .4 .3 Total

Chamaemyla
e .028 .297 484 ,124 ,067 545

FUMI 1.000 19
JUNC .300 .600 .100 5

Pseudodinia
VARL . gS .625
NITS .083 .083 .833
PS 3 .500 .300 .200

Leucopils
OCEE 1.000

BELL 1.000

L 82 .143 .143 .T14
L E .600 .400

L H .500 .500

Ui ONOO

-
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Table 10, Hexoklnase Isozyme Frequencies of Chamaemylidae Used for

Specles Comparisons.

Identifications: HERB, herbarum; FUMI, fumicosta; JUNC, juncorum;
laris;

VARI, varipes; NITS, nitens; PS 3, P. sp.
BELL, beTTuia;: I 82 ‘82; 1.’

Relative Mobillty Positions of Isozymes
2.7 2.6 2.5 2.4

Species 3.6 3.4 3.2 3.1 3.0 2.

ocel
a3 L 82, L. sp. 82; L H, L. sp. H; L E,”L, sp. E.

To-

2.3 2,2 2,1 1.9 tal

Chamaemyia
HERB ) LO7hL

FUMI 647
JUNC .889

Pseudodinia
VARL .092
NITS 107
PS 3 L111 778

Leucopis
OEEE .176 .519 ,269 .038
1

BELL 917 .083
L 82 .250 .525 .225

L E 647 .353

L. H 1.000

.822 ,080
.881 .012

.374 .004 426
.088 17
9

.006 163
42
9

26

6
20
17

82



Table 11. Malic Acid Dehydrogenase Isozyme Frequencles of Chamaemyildae

Used for Specles Comparisons.,

Identifications: HERB, herbarum; FUMI, fumlicosta; JUNC,
uncorum; VARI, varipes; NITS, nitens; PS 3, P. sp. 3; OCEL,
ocellarls; BELL, Beiguia; L 82, L.sp. 82; L H, L. sp. H;

T E, L. sp. E. ~ —

Relative Mobllity Position of Isozymes Total
Species 3.4 3.2 3.1 2,9 2,7 2.6 2.4 2,2 2,1 1.9 1.7 1.5 Assayed
Chamaemyia ‘
HERB .063 .365 .502 .070 630
FUMI .932 .068 22
JUNC .038 .269 .269 423 13
Pseudodinia
VARL .037 .188 .370 .397 .008 189
NITS .033 .196 413 .326 .033 46
PS 3 .600 400
Leucopis
OCEL .227 .523 .205 .0l45 22
BELL 1.000 2
L 82 .158 .368 .053 .289 .132 19
L E .227 .682 ,091 11
L H 500 .500 L

62



Table 12. Phosphoglucomutase Isozyme Frequencies of Chamaemyiidae Used
for Species Comparisons.

Identifications:

- VARI,

HERB, herbarum; FUMI

varipes; NITS, nitens; PS 3, P.
bellta; LB , L. sp. 825 T ’

fumicosta; JUNC, juncorum;
Y S eV 3
sp. 3; OCEL, ocelilar‘f—s; BELL,

s LH L. sp. H; L E, L. sp. B.

Relative Mobility Positions of Isozymes

Speciles 2,0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1,2 1,0 .9 .8 .7 .6 .5 .3 Totel
Chamaemyia
HERB .038 .34 23 .156 .031 .005 435
FUMI .071 .286 .500 A3 7
JUNC 167 .833 6
Pgeudodinia
VARI .063 .722 .164 .ol .007 216
NITS .065 .250 .352 .296 .037 5h
PS 3 ,oli5 . 364 .500 .091 11
Leucopis
OCEL 077 115 673 .135 26
BELL .083 .792 .083 .o42 12
L 82 .262 .310 071 .333 .024 21
L E .125 .563 .313 8
L H .500 .500 5

ot



Table 13.
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Nei's Genetic Distance Estimates between
Species of Leucopis.

Identifications: OCEL, ocellaris; BELL,
bellula; L 82, L. sp. é2; L B, L. sp. E;
L H’ &. Sp. Ho
OCEL BELL L 82 . B L H
OCEL, 0.000
BELL 2.038 0.000
I 82 1.240 1.883 0.000
L E 1.044 1.814 1.473 0.000
L H 1.270 1.643 1.562 0.278 0.000
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Nei's Genetic Distance Estimates
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Figure 5. Nel's Genetic Distance Estimates between Species
of Leucopis.
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Table 14, Number of Individuals Classified into Species of Chamaemyiidae

based upon Morphologlcal Data.

Identifications: BELL,bellula; OCEL,ocellaris; L. H,L. sp. H;
L 82,L. sp. 82; VARI,varipes; NITS,nitens; PS 3,P. sp. 3;
FUMI, fumicosta; HERB,EerEarum.

BELL OCEL L H I 82 VART NITS PS 3 FUMI HERB

BELL
OCEL
L H
L 82
VARI
NITS
PS 3

10 1 1
3 6 3
' 12
12
9
1 7 I
9

12
12

€e
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specimens in the ocellarls group of Leucopls and 11 spec-

imens in the genus Pseudodinlia. ©Nine characters were used

to achieve the 82.4% discrimination, those characters and
their U-statistics are as follows: mesonotum length (0.141),
arista length (0.033), cheek width (0.013), ocellar triangle
base (0.009), ocellar triangle side (0.005), third antennal
segment height (0.004), eye length (0.003), medial-cubital
vein length (0.002), third antennal segment length (0.002).
Figure 6 plots the D2 estimates (Table 15) for these
specles. The grouping agrees very well with established
genera. P. sp. 3 and P. nitens are very closely grouped
with P. varipes near the palr. C. fumicosta, as expected
from its enormous size, is morphologlcally distinect from
any of the other species. Excluding this species, the genera
Chamaemyia and Pseudodinia are more closely related to each

other than they are to Leucopls. This agrees with the tribal
concepts of Chamaemyiini (including the former two genera)
and Leucopiini (Leucopis). Three specles of the "ocellaris"
species group, L. sp. H, L. ocellaris, and L. bellula, are
closely related. Leucopls sp. 82, a fourth member of the
group, is widely separated from the others due to its larger
size. Thus, the distance estimates based upon morphological
data agree very well with established relationships at the

generlc level.
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Mahalanobis D? Distance Estimates
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Figure 6. Mahalanobis D2 Distance Estimates between Species
of Chamaemyiidae.



Table 15, Mahalanobis D2 Distance between Specles of Chamaemyiidae.
Tdentifications: BELL,bellula; OCEL, ocellaris, L H,L. sp. H;
L 82,L. sp. 82; VARI, vari es; NITS nItens, S 3,P. sp. 3;
FUML Thmicosta, HERB, >herbarunm.
BELL OCEL L H L 82 VART NITS PS 3 FUMI HERB
BELL 0.000
OCEL 2.285 0.000
L H 6.256 4,222 0.000
L 82 36.333 29.337 9.262 0.000
VART 31.755 29.004 25.24% 88.657 0.000
NITS 22,432 19,442 14,239 3.817 5.533 0.000 -
PS 3 39.343 33.333 28.846 .865 10.294 3.930 0.000
FUMI 136.845 123.684 119.596 .680 139.843 115.860 108.848 0.000
HERB 25.543 18.196 16.263 46 46k 15,910 10.463 12.679 79.849 0.000

ot
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After establishing that there are significant

morphometric differences between groups, it may be interest-
ing to identify those characters which were most important
in separating groups. Table 16 summarizes the characters
which were most useful in discriminating populations and
species. The importance of characters varies depending upon
the genus; but in the three genera compared, the five most
important characters always included mesonotum length,
ocellar triangle base or side, and third antennal segment
length or height.

The same species, with the addition of C. juncorum
and L. sp. E, were also compared electrophoretically. Tables
7 to 12 give the isozyme frequencies of X-GPDH, ACPH, MDH,
AK, HEX, and PGM used in the comparison. Figures 7 to 9
show mobllity positions for each genus. The D2 standard
genetic distance estimate of Nel is not sultable for
comparing greatly different groups (Nei and Roychoudhury
1974), such as genera of flies. The Edwards and Cavalli-
Sforza E2 statistic may be more appropriate when comparing
species that do not share alleles at one or more loci, This
statistic was used to compare chamaemyiid lsozyme frequenciles
between genera. Eleven specles in three genera were compared

for six enzyme locl and the E2

matrix of genetlc distances
is given in Table 17. The dendrograph (Figure 10) plots

the species according to E2 estimates. The species



Table 16. A Comparison of the Order of Use of Morphological Characters

in Discriminating Chamaemyild Populations and Species.

C. herbarum Between
Populations Chamaemyia Leucopis Pseudodinia Genera
1. eye length mesonotum ocellar eye length mesonotum
length triangle length
base
2. mesonotum cheek width cheek width mesonotum arista length
length length
3. cheek width third third third cheek width
antennal antennal antennal
segment segment segment
length length length
L4, medial-cubital eye length mesonotum ocellar third
vein length length triangle antennal
side segment
length

radlal-medial
vein length

ocellar
triangle
base

medial-cubital
vein length

medial-cubital
vein length

eye length

8¢



Acid Phosphatase Isozymes

Chamaemyia Pseudddinia Leucopis
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Figure 7. Mobility Positions of Acid
Isozymes for Each Genus.
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Table 17. Cavalli-Sforza E2 Estimate of Genetic Distance between Species

of Chamaemylidae.

Identifications: HERB, C. herbarum; FUMI, C. fumicosta; JUNC, C.Jjuncorum;
VARI, P, varipes; NITS, P. nitens; PS 3, P. sp. 3; OCEL, L, ocellaris;
BELL, L. bellula; L 82, L, SP, 82; L. E, L. sp. E; L. H, L. Sp. H.

HERB FUMI JUNC VART NITS PS 3 OCEL BELL L 8 L E L H

JUNC
VARI
NITS
PS 3
OCEL
BELL
L 82

L H

0.000
0.143 0,000

0.223 0.304 0.000

0.232 0.285 0.191 0.000

0.213 0.252 0.182 0,089 0.000

0.255 0.274 0.204 0.150 0.057 0.000

0.236 0,307 0.231 0.185 0.262 0.306 0.000

0.296 0.298 0.300 0.339 0.279 0.321 0.304 0.000

0.277 0.298 0.299 0.260 0.258 0.251 0.209 0.261 0,000

0.308 0.344 0.348 0,261 0,284 0.309 0.234 0.298 0.241 0.000

0.344 0.377 0.372 0.278 0.318 0.369 0.276 0.315 0.265 0.103 0.000

chr



Edwards' Covdii-Sforzas E2Distance Estimates
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relationships shown agree with the classification of genera.

Pseudodinia specles are most similar and the genus is

grouped with Chamaemyia. Except for L. ocellaris, the genus
Leucobis is placed by itself and its specles are the most
diverse.

The proportion of isozymes unigque to a genus is a
measure of'its divergence. Leucopis has 36% unique isozymes,

Chamaemyia has 21%, and Pseudodinia has 10%. The genus

Leucopis has seven to ten times more species than any other

genus. It 1s also the most diverse ecologically. Ten per-

cent of the isozyme bands are found in all three genera. The
proportion of lsozymes shared between genera may be a

measure of their common ancestry. Chamaemyia and Pseudodinia

share 10%, Pseudodinia and Leucopis share 12%, and Chamaemyia

and Leucopis share only 1%.



CHAPTER 4

GEOGRAPHICAL VARIATION OF
C. HERBARUM POPULATIONS

The center of dlstribution of C. herbarum is in the
Rocky Mountains of the western United States and the south-
ernmost extension of its range 1s in the southeastern moun-
tains of Arizona. Populations in the Colorado Rockies may
be classified as semi-l1solated; the proximity and continuity
of the mountaln ranges may allow limlited migration between
populations or subpopulations. In Arizona and northwestern
New Mexico, each population is restricted to a separate
mountain range and may be a geographic isolate. The impor-
tance of geographic isolation to the dlfferentlation of
populations can be determined by analyzing C. herbarum
populations in Colorado and Arizona.

Figure 1l shows the collectlon sites of C. herbarum
used for both morphological and electrophoretic studies.
The map also shows Dice's blotic provinces (Dice 1943). The
Coloradan Province is represented by Allenspark (Boulder Co.,
2653 m.), Bailey (Park Co., 2682 m.), Rampart Range (17.6
km. N. Colorado Springs, El Paso Co., 2743 m.), Redstone
(Pitkin Co., 2134 m.), and Gunnison National Monument
(Montrose Co., 2438 m.), all in the Colorado Rockies.
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The southern extremity of the Rockies in New Mexico
is represented by Cabresto (Cabresto Lake, Sahgre de Cristo
Mts., Taos Co., 2743 m.), Mogollon, New Mexico (Mogollon
Mts., Catron Co., 2499 m.), and the White Mountains of
Arizona (25.6 km. S. Big Lake, Apache Co., 2438 m.) are
wlthin the Navahonian Province. The southernmost, smallest
and most isolated populations are in the Apachlan Province
of southeastern Arizona and are from the Pinaleno Mts.
(Goudy Creek, Graham Co., 2499 m.) and Santa Catalina Mts.
(Mt. Bigelow Lunar Observatory, Pima Co., 2560 m.). All
of the collections were made in June and July of 1974
except for the Santa Catalina Mountain sample obtained in

July of 1975.

Enzyme. Varlation

The electrophoretic variation of seven enzymes was
determined for the 11 populations of C. herbarum (Figure 11).
The isozyme frequencles and total number of individuals
assayed are given in Table 18. Appendix Tables Cl to C6
contain the isozyme genotypes observed in each population.
Alpha-glycerophosphate was monomorphic in all populations.
All of the other locl showed significant differences over
all or part of the range. There are two striking examples
of single population divergence. ACPH-5, the most frequent
ACPH isozyme in the White Mountains (0.756). is absent from

six populations and has an average frequency of 0.025 in



Table 18.

Isozyme Frequencies of C. herbarum Populations Collected in
Arizona, New Mexico, and Colorado.

Identifications:
Redstonejy GN, Gunnison; CB, cabresto, SF, Santa Fe; MG,
Mogollon; WH, White; PL, Pinaleno; SC, Santa Catalina.

AP, Allenspark; BA, Balley; RP, Rampart; RS,

Enzyme Populations
Systems AP BA RP RS GN CB SF MG WH PL SG
AKX
Total 48 26 36 48 50 4o 45 21 38 k7 64
Isozymes
1 .008
2 .012 .048 .336
3 .097 155 ,056 429 750 .819 .656
L .02 .077 .875 .063 274 589 476 224 160
5 .979 .923 .028 938 1.000 .560 .356 .048 .026 .021
HEX
Total 42 20 47 7 50 Ly 50 43 L7 58 65
Isozymes
1 .011 .085 .310 .081 .043 .034 .008
2 .083 .926 ,043 .040 .307 .590 .919 .957 .966 .992
3 .917 1.000 ,064 .,872 .95 .670 .100
L .010 .023
ACPH
Total 60 21 52 68 93 35 42 62 41 93 61
Isozymes
1 .108 .o48 .010 .022 ,038 .014 016 .005 ,.008
2 365 571 .183 .397 .495 .443 ,036 .121 .333 .279
3 .508 .357 .644 574 452 500 .548 .387 .073 .602 .418
L .017 .024 .154 .007 .016 .043 .369 .452 .171 .043 .131
5 .010 048 .024 ,756 .016

8t



Table 18, Continued

Enzyme , Populations
Systems AP BA RP RS GN CB SF MG WH PL SC
-GPDH
Total 60 18 48 6.4 64 33 39 75 34 59 65
Isozymes
1 1.000 1.000 1,000 1,000 1.000 1,000 1,000 1.000 ,985 .,992 ,985
2 .015 ,008 ,015
PGM
Total 43 23 b7 /iTe) 50 L6 54 4o L7 58 65
Isozymes
1 LOTL .033 .019 .024 .043 .103 .038
2 .093 .239 .670 .102 .140 .315 .657 .321 .564 .328 .577
g .628 .370 .213 .745 .630 .337 .287 .369 .340 .405 .362
.198 .261 .043 .,153 .230 .261 .037 .226 .053 .112 ,023
5 .070 .065 054 060 052
6 012 .065
MDH
Total 52 22 54 83 84 45 55 69 40 81 63
Isozymes
1 .038 .045 024 ,048 ,022 080 .225 .136 .OTL
2 .212 ,386 .343 .277 .339 .267 .318 .732 .688 .154 .571
3 .692 ,500 .639 669 .577 .689 .527 .1k5 ,088 .667 .349
L .058 .068 .019 .030 .036 .022 .,155 .043 .043 007
FUM
Total 63 25 12 36 L0 20 2 L 39 L7 23
Isozymes
1 .079 .020 .125 .013
2 278 ,080 .167 .0o42 .,038 .275 122 ,089 .,074 ,065
3 .603 .800 .833 .764 .925 .650 1.000 .841 .885 .745 .826
4 .00 ,080 .069 .038 .050 .037 .013 .149 .087
5 .020 025 .032 022

&h
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four others. AK-2, absent from all but two of the popula-
tions, has a frequency of 0.336 in the Santa Catalina Moun-
talns. Two of the seven loci showed significant geographlc
clines. Frequency differences between populations for
hexoklnase isozymes are shown in Figure 12. HEX-2 is cor-
related negatively with latitude (e£<.00l1) and HEX-3 is
correlated positively with latitude (o< = .001). All
correlation tests used a t-test, sign considered. Frequency
differences for the adenylate kinase isozymes are shown in
Figure 13. AK-3 is correlated negatively with latitude (X
< .001) and AK-5 is correlated positively with latitude
(< = .001). MDH-3 and ACPH-1 are also correlated with
latitude (oK = .05), but these enzymes did not show striking
geographic clines.

Neil's standard genetic distance measurement was used
to determine the genetic divergence between populations. The
matrix of genetic distance is given in Table 19, and Figure
14 plots the results of the cluster analysis of the genetic
distance data. This plot clearly shows a difference between
northern Colorado and southern Arizona-New Mexico populations.
Rampart is an exception to this pattern. It is more similar
genetically to the southern populations but is geographically
northern. It is the only northern population sampled from

the Front Range, the most easterly range of the Rockies.
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Table 19.

Nei's Standard Genetlc Distance between Populatlons of C. herbarum.

Identifications: AP, Allenspark; BA, Balleys;
stone; GN, Gunnison; CB, Cabresto; SF, Santa
WH, White; PL, Pinaleno; SC, Santa Catalina.

RP, Rampart; RS, Red-
Fe; MG, Mogollon;

AP BA RP RS GN CB SF MG WH PL sC
AP .000

BA .037 .000

RP 511 .501  .000

RS .015 .036 .u7h 000

GN .023 ,014 .506 ,011 000

CB 016 .064 ,219 070 .O72 000

SF .366 .343 .062 312 .331 .182 ,000

MG 571 .523 .118 .519 ,516 .300 .125 ,000

WH 76 698 .268  .718 .690 468  ,265 ,1i17 .000

PL 480  .519  ,153 447 481  .239 .204 ,145 ,201 .000

sC 567 .533 .170 .517 .514 .300 .193 .083 .121 .068 .000

€S
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Rampart and Santa PFe are both marginal populations within
the Coloradan Province.

Increased genetic distance between more isolated
southern populations is evident in Figure 14. Isolation
and reduced population size of southern populations could
cause inbreedingz which should be detected as deviations
from expecﬁed Hardy-Welnberg genotyplc frequencles. Goodness
of it to the expected Hardy-Weinberg genotypic ratios for
each system 1s indicated in Table 20. The probability levels
are included for each population which deviates from Hardy-
Weinberg. All deviations are caused by an excess of homo-
zygotes and deficiency of heterozygotes (Appendix Tables C 1
to ¢ 6). In general, the Arizona and New Mexico populations
deviate at more locl than do the Colorado populations.

Individuals of C. herbarum were collected June
through July, 1976, at three different meadow localities in
the Pinaleno Mts., Arizona. These sites were Snow Flat
(2591 m.), Hospital Flat (2743 m.), and Chestley Flat (2850
m.). Isozyme frequencies and numbers of individuals assayed
are given in Table 21 for each collection site. Cumulative
isozyme frequencles are also given in Table 21, With the
exception. of FUM (Table 22), all of the isozyme genotypes
deviated significantly from Hardy-Welnberg in at least one
of the meadow populations (MDH, Table 23; AK, Table 24; PGM
Table 25; and ACPH, Table 26). All deviations were due to



Table 20. Chl-square Analysis of the Goodness of Fit of the Observed
Phenotyplc ratios to those Expected from Hardy-Welnberg
Equilibrium,

Identification: - , not significant.

Cabresto ©(<L.005 <.005
Santa Fe K<L, 005 &¢.005

AK HEX -GPDH PGM MDH ACPH FUM
Allenspark - - X005 - L0550
Bailey - - - - -
Rampart - - - -
Redstone - - - -
Gunnison «=.025 -

| S TR O I N T A IO Y B

Mogollon - - K<L.005

White K <, 005 - - -
Pinaleno «<<«.005 - «=,010 AL.005
Santa Catalina - - «K<.005 X<.005
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Table 21, Isozyme Frequencles of C. herbarum Pop-
ulations Collected at DIfferent Elevations
in the Pinaleno Mountains in -1976.

Enzyme Snow Hospital Chestley
Systems 2591 m. 2743 m. 2850 m. Cumulative
AK A
Total 37 42 40 119
Isozymes
2 .068 .024 .063 .050
2 .865 .976 .563 .803
.068 .000 375 .147
PGM
Total 4o 56 60 165
Isozymes
1 .020 .009 LOol2 .024
2 .520 .625 492 .545
3 .398 .31 .283 .327
4 .061 .05 .167 .097
5 .000 .000 017 .006
MDH
Total 60 62 61 183
Isozymes
1 .025 .016 .016 .019
2 .392 . g? .287 .284
3 .533 LA8h JA26 481
T .050 .323 .270 .216
FOM
Total 68 72 68 208
Isozymes
2 .037 .028 .037 .034
ﬁ .882 .826 .T65 .825
.081 146 .101 .139
5 .000 .000 .007 .002
ACPH
Total 32 55 62 149
Isozymes
2 .031 . 500 .363 .342
3 .266 JAls 460 L413
4 .391 .055 .089 141
5 .313 .000 .089 104
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Table 22, Fumarase Isozyme Genotypes of C. herbarum
Populations Collected at Different Elevations

in the Pinaleno Mts. in 1976.

Collection FUM Genotypes
Site 3-3 3-4  others Chi Square
Snow 54 7 7
(52.9)2(9.7). (5.4) 1.248
Hospital 52 11 9
(49.1) (17.4) (5.5) L,7526
Chestley 41 16 11
(49.8) (19.9) (8.3) 1.679
Cumulative 147 34 gg b
(141.6) (47.7)(18.7) 7.826

@Number of genotypes expected by Hardy-Weilnberg formula.

PNumber significant o<<.025.

Table 23. Mallic Acid Dehydrogenase Isozyme Genotypes
of C. herbarum Populations Collected at
Different Elevations in the Pinaleno Mts.

in 1976.
Collection - MDH Genotypes
Site 2-2 2-3 3-3 4-4 others Chi Square
Snow 15 14 25 3 3 ) b
(9.2)2(25.1)(17.0) (.2) (8.5) 13.168
Hogpital 6 8 20 14 b
(1.9) (10.6)(14.5) (6.5)( 27.602
Chestley 9 9 16 8 19 b
(5-0) (15.0)(11.1) (4.0)(25.9) 13.601
Cumulative 30 31 61 25 36 b
(14.8)(50.0) (42.3) (8.5)(67.4) 77.756

a
PNumber significant &€<,.005.

Number of genotypes expected by Hardy-Weinberg formula.



Table 24, Adenylate Kinase Isozyme Genotypes of C.
herbarum Populations Collected at Different
Elevations in the Pinaleno Mts. in 1976.

Collection AK Genotypes

Site l1-2 2-2 2-3 3-3 Chi Square
Snow 5 429 1 2 L
Flat (4o (@7.7) (B.14) (.2) 250
Hospital 2 40
Flat (2) (40) .000
Chestley 5 17 6 12 b
Flat (2.8) (12.7)(16.9) (5.6) 14,046
Cunmulative

12 86 14
(9.6) (76.7)(25.1) (2.6)  60.388°

SNumber of genotypes expected by Hardy-Weinberg formula.
b jumber significant o<.005,

Table 25. Phosphoglucomutase Isozyme Genotypes of
C. herbarum Populations Collected at
erent Elevations in the Pinaleno Mts.

in 1976.

Collection PGM Genotypes

Site 2-2 2-3 3-3 others Chi Square
Snow 20 7 16 6
Flat (13.2)3(20.3) (7.8) (7.7) 21.214b
Hospital 29 11 11 5 b
Flat (21.9) (21.9) (5.5) (6.7) 13.658
Chestley’ 26 6 13 15 b
Flat (14.5) (16.7) (4.8) (24.0) 24,239
Cumulative 75 2y Lo 26 b

. (49.0) (58.8)(17.6) (39.6) 67.570

@Number of genotypes expected by Hardy-Weinberg formula.
bNumber significant cK<.005.
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Table 26, Acid Phosphatase Isozyme Genotypes of C. herbarum
Populations Collected at Different Elevations in
the Pinaleno Mts. in 1976.

Collection ACPH Genotypes
Site 2-2 2-3 3-3 3-4 others Chi Square
Snow 0 a 2 5 5 20
(0)* (.5) (2.3) (6.7) (22.5) 8.379P
Hospital 25 5 19 6 0
(13.8)(25.5)(10.9) (2.7) (0) 31.890¢
Chestley 24 2

19 7 10
(8.2)(20.7)(13.1) (5.1) (14.9) 35.857°¢

Cumulative Ly 14 48 13 . 30
(17.2)(42.1)(25.0) (17.4) (47.3) 89.114¢

8Number of genotypes expected by Hardy-Weinberg formula.
DNumber significant X<, 05.
CNumber significant<.005.

09
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excess homozygotes and a deficiency of heterozygotes. Three
loci (MDH, AK, and ACPH) showed significant frequency changes
(X <.005) from 2591 to 2850 meters. HEX and K-GPDH
were monomorphic, and PGM and FUM showed no significant

differences between sites.

Morphometric Variation

Twenty-four individuals of each population shown in
Figure 11 were measured, with the exception of Rampart (11
specimens). The means and standard deviations of the 13
measured characters are given in Appendix Table B 4. The
characters and their U-statistic aré as follows: eye length
(0.658), mesonotum width (0.552), cheek width (0.464),
medial-cubital vein length (0.397), radial-medial vein
length (0.349), third antennal segment height (0.311), wing
length (0.280), arista length (0.255), ocellar triangle base
length (0.230), mesonotun length (0.216), eye height (0.204),
third antennal segment length (0.193), and ocellar triangle
side length (0.183). Each of these characters contributed
significantly to the discrimination of populations (c{ <.0l).

Classification of flies within each population using
the dlscriminant analysis of morphological characters is
shown in Table_27. Flies from northern populations are
classified generally into northern populations and southern
flies into southern populations. Reglonal morphotypes are

discriminated. The flies measured from southern populsations



Table 27.

Number of Individuals Classified into C. herbarum Populations based

upon Morphological Data.

Identifications: AP, Allenspark; BA, Bailey; RP, Rampart; RS, Redstone;
GN, Gunnison; CB, Cabresto; SF, Santa Fe; WH, White; PL, Pinaleno;
SC, Santa Catalina.

AP BA RP RS GN CB SF WH PL sSC
AP 8 5 0] 6 1 3 0 0 1 0
BA 3 5 1 2 0 1 5 3 L 0
RP 0 0 L 0 4] 1 3 1 1 1
RS 2 5 1 11 0 L 0 0 1 0
GN 1 4 0 2 14 1 0 2 0 0
CB 2 2 1 2 1 10 0 3 1 2
SF 0 1 0 1 1 2 15 1 3 0
WH 0 1 0 2 1 2 3 11 -2 2
PL 1 2 1 1 0 2 2 1 11 3
sc 0 o] 0 1 0 0 5 1 0 17

c9
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are larger than the flies from northern populations. The
only morphometric characters which show significant differ-
ences between the northern and southern indlviduals are eye
height and eye length ( X = .05). Eye height is correlated
with longitude (oK = .0l1) and latitude ( K <.005). Eye
length is correlated with latitude (X = ,025).

Santa Catallina is geographically the most 1lsolated
southern population and 75% of the individuals in this pop-
ulation are of the southern morphotype. Gunnison is the
most discriminated northern population and 87.5% of the
measured individuals are of the northern morphotype.
Cabresto and Santa Fe populations contain nearly equal pro-
portions of northern and southern morphotypes. Rampart
individuals are all southern or Rampart; no northern, non-
Rampart morphotypes are observed. Figure 15 plots the
results of a cluster analysis of the Mahalanobis D2 distance
estimates (Table 28). The dendrograph groups northern and
southern populations with the exception of Bailey Colorado
which is paired with Pinaleno Arizona. The Rampart popula-
tion is set off as morphologically distinet from the others.
The regional differences in morphology are not as distinct

as the regional lsozyme frequency differences.
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Table 28. Mahalanobis D? Distance between Populations of C. herbarum.

Identifications: AP, Allenspark; BA, Bailey; RP, Rampart; GN,
Gunnison; RS, Redstone; CB, Cabresto; SF, Santa Fe; WH, White;
SC, Santa Catalina; PL, Pinaleno.

AP BA RP GN RS CB SF WH SC PL
AP 0,000

BA 2.431 0,000

RP 8.356 T.033 0.000

GN 3.840 4,559 9,969 0.000

RS 1.033 2.607 8.163 3.680 0.000

CB 2.467 3,161 6,149 5,333 1.781 0.000

SF 6.615 2.726 4.548 4,942 5,906 4.596 0.000

WH hoary 2,297 6.078 5.539 4,037 1.822 3.281 0.000

SC 7.037 5.117 5.800 7.619 7.631 5.284 3,468 3.502 0.000

PL 3.522 1.947 T7.07H 5.511 3.945 3.477 3.666 2.955 2.732 0.000

&9



CHAPTER 5

ENZYME VARIATION IN P. VARIPES
AND P. NITENS POPULATIONS

Pseudodinia varipes 1s a common chamaemylid species

in the western United States. It 1s collected along with C.

herbarum in the same mountain transition zone on Muhlenbergia

grasses. Populations of P. varipes from four southern
Arizona mountain ranges were assayed electrophoretically.
Collections were made in the Santa Catalina Mts. (lat. 32°
25', long. 110°43', elev. 2422 m.), Kitt Peak, Quinlan Mts.
(Lat. 31058', long. 109954', elev. 2713 m.), and the Chiri-
cahua Mts. (lat. 31°54', long. 109°17', elev. 2560 m.). The
enzyme systems used were HEX, AK-A, AK-B, MDH, FUM, PGM, and
X-GPDH. Isozyme frequencies are given for each sample of
over 30 individuals (Table 29). Appendix Tables D 1 to D 7
give the lsozyme genotypes observed in each population.
Cumulative frequencies from two or three year collections
were used to compare mountain populations. Isozyme frequen-
cies at three of the enzyme locl correlated with elevation:
PGM-4 (KX .02, r = -.9826), FUM-3 (K <£.05, r = -.9757),
and MDH-3 (€ <.05, r = -.9748).
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Table29 . Isozyme Frequencies of P. varipes Populations
in Arizona. .

Identifications: SC, Santa Catalina; KP, Kitt
Peak; CH, Chiricahua; PN, Pinaleno; CUM,
cunulative frequency.

Enzyme, SC KP CH PN
Systems 1975 CUM 1974 CcUM 1974 1975 CUM CUM

-GPDH

Total 171 224 52 70 72 120 220 15
Isozymes :
1 .208 .239 .087 .136 .313 .075 .168 .133
2 .792 .792 .913 .864 .688 .925 .832 .867
FUM
Total 80 105 48 56 7 87 190 10
Isozymes
1 .013 .014 ,021 .018 .000 .011 .006 .100
2 .113 .095 .031 .027 .058 .075 .060 .300
3 .813 .820 .875 85 779 .7HL 785 .550
I .061 .071 .073 0 .136 .155 .131 .050
5 .000 .000 .000 .000 .026 .017 .018 .000
MDH
Total 78 102 53 75 70 106 190 15
Isozymes
1 .000 .000 .000 .000 .000 .000 .000 .000
2 .013 .020 .097 .073 .007 .024 .016 .034
g LA47 147 .292 ,.380 .121 .160 .l42 .234
.763 .667 .406 .425 .357 .783 .595 .366
5 077 166 .208 .220 .493 .033 .239 .366
6 .000 .000 .000 .000 .021 .000 .008 .000
PGM

Total 112 142 53 75 85 143 254 11

Isozymes
.013 .011 .000 .,000 ,000 .,000 .000 .0OO
.036 .042 .038 .033 .082 .018 .045 .045
.754 .778 .755 .767 .588 .841 .768 .636
o4 ,093 .288 .111 .15 .318
.058 .049 .104 .087 .035 .031 .02 .000
.000 .000 .000 .020 .006 .000 .002 .000
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Table 29, Continued
Enzyme SC KP CH PN
Systems 1975 CUM 1974 CcUM 1974 1975 CUM CUM
AK-A
Total 108 126 87 98 72 148 220 11
Isozymes
1 .065 .,056 .017 .031 .035 .024 ,026 .045
2 .907 .921 .080 .158 .882 .916 .905 .409
z .028 ,023 .805 .724 ,069 .061 .064 455
.000 .000 .,052 ,046 .014 ,000 .005 .045
5 .000 ,000 ,046 .041 ,000 .000 .000 ,O45
AK-B
Total 10 uy 64 11
Isozymes
1 .000 .000 .000 .000
2 .000 .000 .039 .091
3 .000 .045 118 .0l5
L .150 .534 .375 .455
5 400 .352 .211 .318
6 450 .068 .227 .091
HEX-A
Total 109 140 30 52 45 150 239 2
Isozymes
1 .023 .032 .000 .087 .o44 ,007 .036 .500
2 .899 .893 .967 .885 .878 .853 .831 .500
3 .078 .075 .033 .028 .067 .140 .130 .000
i .000 ,000 ,000 ,000 .,011 .000 .004 000

* Isozyme bands

Table 33 .

are in the same mobility position as in
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Nei's genetic distance estimates between mountain
populations are given in Table 30 and the dendrograph from
these distances is shown in Figure 16. Santa Catalina and
Chiricahua populations appear to be more similar genetically.
Although Kitt Peak and the Pinaleno populations are paired,
the within-group distance (0.127) is almost the same as the
distance between groups (0.146). This‘relationship does not
reflect the geographic distance between mountain ranges but
may be influenced by population size. Pinaleno and Kitt
Peak populations are both small.

Rustler Park, a site in the Chiricahua Mts., was
used to investigate seasonal isozyme frequency changes. Col-
lections were made on May 27, July 28, and September 13,
1975, to sample the first, middle, and last generations.
Isozyme frequencies for PGM, HEX, AK-A, FUM, and <X-GPDH
are given in Table 31. Isozyme genotypes are given in Ap-
pendix Tables D8 to D12. The only statistically significant
seasonal changes are for the ¢X-GPDH isozymes (<X < .005).
Alpha-GPDH-1 had a higher frequency in the spring (0.205)
and a lower frequency in late summer (0.031). Parallel
seasonal changes are observed in the Santa Catalina Mts.

On May 16, 1975, the frequency of CX-GPDH-1 in these moun-
tains was 0.295 and the K-GPDH-2 frequency was 0.705 (N =
88). oOn July 29, 1975, the frequency of <X-GPDH-1 was down
to 0.114 and the X-GPDH-2 frequency was up to 0.886 (N = 83).
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Nei's Genetic Distance Estimates between
P. varipes Populations.

Identifications: SCAT, Santa Catalina Mts.;
KITT, Kitt Peak; PINA, Pinaleno Mts.; CHIR,
Chiric ahua Mts.

SCAT KITT PINA CHIR

SCAT 0.000

KITT 0.191 0.000

PINA 0.190 0.103 0,000

CHIR 0.0 0.042 0,139 0.000
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WITHIN GROUP DISTANCE

Nei's Genetic Distance Estimates between
Populations of P. varipes.

BETWEEN GROUP DISTANCE



Table 31. P.

ripes Isozyme Frequencies from Seasonal

va E

ColTlections in the Chiricahua Mts.

Enzyme May July September
Systems 5/27/75 7/28/75 9/13/75
PGM
Total 58 69 27
Isozymes
2 .078 .021 .056
2 .T76 .876 .815
.121 .093 .093
5 .025 .010 .036
HEX
Total 54 72 31
Isozymes
1 .018 .000 .000
2 917 792 .919
3 .065 .208 .081
AK A
Total 53 63 32
Isozymes
1 .009 Rolils .000
2 .925 .921 .891
3 .066 .032 .109
FUM
Total 27 28 32
Isozymes
1 .000 .018 .000
2 .056 .143 .063
3 .796 .696 .734
4 .130 .125 .188
5 .019 .018 .016
-GPDH
Total 39 b7 32
Isozymes
1 .205 .000 .031
2 . 795 1.000 .969

72
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Table 32 gives climatlic data from the Portal,

Arizona, weather station which were compared with the isozyme
frequencies observed in seasonal collections at Rustler Park.

Both <X -GPDH isozymes were correlated significantly with

minimum monthly temperature (X<.05, r = +.9994) and

average monthly temperature (X<« .05, r

Il

+ .9969). Although
none of the other isozymes showed significant seasonal
variation, the following correlations were observed: PGM-4
with average monthly temperature, X<£.05, r = +.9987; FUM-2
with total precipitation, X<L.05, r = +.9967.

Significant devlations from the genotypic frequenciles
predicted by the Hardy-Weinberg equilibrium were observed
for OX-GPDH isozymes in every sample which was not monomor-
phic. Every collection showed a deficiency of heterozygotes
( Appendix Table D 12 ). The HEX genotypic frequencies for
the July collection at Rustler Park deviated significantly
from Hardy-Weinberg equilibrium. A deficiency in HEX 2-3
heterozygotes was observed. The only other deviations from
Hardy-Weinberg predictions were AKX heterozygote deficiencies
in the 197l Kitt Peak and 1974 Chiricahua samples. |

Populations of P. nitens were sampled for enzyme
polymorphism. Collections were made in the following
localities: Kitt Peak, Quinlan Mts. (lat. 31958', long.
111°36', elev. 2070 m.), Huachuca Mts. (lat. 31°34', long.
110°20', elev. 1422 m.), Whits Mts. (lat. 33°59', long.



Table 32.

Weather Station Data, Portal, Arizona.

Identifications: MAX, maximum temperature;
MIN, minimum temperature; AVE, average
temperature; PPT, precipitatlon.

Month MAX °¢ MIN ° ¢ AVE ©C PPT mm.

May
July

25.1 2.7 13.9 3.05
29.1 13.3 21.2 134.90

September 25.4 9.2 17.3 L2

T4
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109°45', elev. 2493 m.), Chiricahua Mts. (lat. 31°54', long.
109017!, elev. 2560 m.) all in Arizona; San Cristobal (1at.
36°11', long. 105903!', elev. 2336 m.) and Mogollon Mts. (lat.
33941, long. 108°35', elev. 2469 m.) both in New Mexico.
The isozyme frequencies for X-GPDH, FUM, PGM, AK-A, and
HEX-A are given 1in Table 33. Only two populations, San
Cristobal and Kitt Peak, were collected and assayed in
sufficient numbers to warrant a comparison between localities.
Appendix Tables D 1 to D 7 give the isozyme genotypes
observed iIn San Cristobal and XKitt Peak populations.

The differences between populations are striking.
Kitt Peak lost two HEX-A isozymes and tends toward fixation
of alternate alleles at X-GPDH and AK-A. The Kitt Peak
population deviated from all other P. nitens collections at
the X-GPDH locus. The Kitt Peak population also tended
toward fixation for PGM-3. This does not appear to be a
regional shift. The Huachuca Mts. are also western and the
frequency of PGM-3 and 4 are similar to those of San Cristo-
bal. The observed heterozygosity was 0.134 in the Kitt Peak
and 0.356 in the San Cristobal population. Fixation of
alternate alleles, loss of alleles, and reduced heterozy-
gosity are typlcal of random frequency changes caused by
founder effects and inbreeding in small populations. Excess
PGM homozygotes were observed in the San Cristobal and

Huachuca populations, but none of the isozyme genotypic



76

Table 33. Isozyme Frequencies of P. nitens Populations
in Arizona and New Mexico.
Identifications: SA, San Cristobal; KP, Kitt
Peak; HU, Huachuca; MG, Mogollon; CH, Chiricahua;
WH, White.
Enzyme Populations
Systems SA KP WH HU MG CH
-GPDH
Total 39 63 7 8 5 3
Isozymes
1 .949 024  1.000 .813 1.000 1.000
2 .051 .976 .000 .187 .000 .000
FUM
Total 35 Lh 7 3 2
Isozymes
1 .000 .000 071 . 000 .000
2 114 .068 214 .000 .000
3 .800 .909 .715 1.000 .500
4 .086 .023 .000 .000 . 500
PGM
Total 35 22 6 54
Isozymes
2 .000 .091 17 .065
3 214 .819 .583 .250
L .314 .0oL5 .000 .352
5 L1l .0l5 .000 .296
6 057 .000 .000 .037
AK A
Total 35 22
Isozymes
1l .029 .000
2 .943 .023
z .029 .818
.000 .159
HEX A
Total 35 22 T
Isozymes
1 057 .000 .357
2 .92 1.000 .643
3 .01 .000 .000

*féozymes are the same as in Table 29.
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frequencies deviated from the Hardy-Weinberg equilibrium in
the Kitt Peak population. Therefore, the frequency shift
may have been a result of founder effects rather than
continuous inbreeding.

Nei's genetic distance estimates were calculated
between the P. nitens San Cristobal and Kitt Peak popula -
tions and the P. varipes populations. The genetic distance
" matrix is given in Table 34 and the dendrograph is shown in
FPigure 17. It 1is interesting that the Kitt Peak populations
of P. varipes and P. nitens are most similar. The genetic
convergence of both specles on Kitt Peak could be accidental

or could result from selection in a common environment.



Table

34. Nei's Genetic Distance Estimates between
P. varipes and P. nitens Populations.

Identifications: KVAR, varipes-Kitt Peak;
PINA, varipes-Pinaleno Mts.; SCAT, varipes-
Santa CaEalEna; CHIR, varipes-Chiricahua
Mts.; KNIT, nitens-Kitt Peak; SNIT,nitens-
San Cristobal.

KVAR PINA SCAT CHIR KNIT SNIT

KVAR
PINA
SCAT
CHIR
KNIT
SNIT

0.000

0.225 0.000

0.134 0.083 0.000

0.004 0.207 0.115 0.000

0.306 0.015 0.105 0.279 0.000

0.315 0.709 0.621 0.368 1.025 0,000
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Nei's Genetic Distance Estimates
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V. Kitt Peok =
N. Kitt Peok

V. Pinaleno
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Figure 17. Nel's Genetic Distance Estimates between
Populations of P. varipes and P. nitens.
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CHAPTER 6
THE DIFFERENTIATION OF POPULATIONS

Interbreeding individuals which aggregate in a
specific area deflned by thelr common adaptations to a
particular set of environmental conditions form a local
population. The genetlec differentiation of populations is
the basis of evolutlonary change and may be the first step
toward speciation. Genetic divergence is controlled by a
combination of factors including the structure of popula-
tions (size, migration rate, mating) and environmental
variability (selection). The population structure of C.
herbarum and P. varipes should be characteristic of moun-
taln dwelling chamaemyild specles. The factors which
control gene frequency changes or genetlic divergence between
populations of these specles should be important in specila-
tion.

Mligration Rate and
. Population Size

The desert-isolated mountaln ranges of southern
Arizona have divided chamaemylilid species into several small
isolated populations. But this isolation of C. herbarum
and P. varipes populations 1s not complete. Two mountain
populations may have originated'from recent wide range

80
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dispersal. On the basis of enzyme variation (Table 18),
the Rampart population of C. herbarum is more similar to
southern than to northern populations. Rampart is the only
Colorado population sampled from the Front Range, the most
easterly range of the Rocky Mountains. Wind dispersal from
south to north is known to occur in the summer for some
insect species (Hodson and Cook 1960).' This 1s the time of
year that dispersal would be possible for C. herbarum. It
may be pertinent to the fly's dispersal ability that the
wing structure of Rampart adults is distincet. The mean
wing measurements from northern and southern populations
are as follows: radial-medial vein length 0.069 mm. vs.
0.103 mm, for Rampart, medial-cubital vein length 0.232 mm.
vs. 0.196 mm. for Rampart, and wing length 2.685 mm. vs.
2.966 mm. for Rampart.

Gene flow Into an already established northern pop-
ulation would produce a mixture of north and south MOrpho-
types and intermediate lsozyme frequencies. Rampart appears
to be the site of a colonization from a southern population.
Rampart shows evidence of migration, but not necessarily
gene flow into northern populations.

A second example of dispersal-is the Kitt Peak
population of P. nitens. Kitt Peak was collected in 1972,
1973, and 1974, but no P. nitens were found until 1975.

This new population 1ls characterized by a reduction in
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heterozygosity and a loss of HEX isozymes. The ©{-GPDH
and AK A enzyme locl tend toward fixation of alternate
isozymes. The shifts in isozyme frequenclies accompanied
by & decrease in heterozygosity and loss of alleles would
be expected 1f the population ofiginated from a few founders.

Even infrequent gene flow between differentiated
populations can produce clines. These'clines can be main-
tained without selection by an environmental gradient.
Intermediate morphometric and electrophoretic variation in
New Mexico populations may be evidence of gene flow. The
north-south hexokinase (Figure 12) and adenylate kinase
(Figure 13) geographic variation could be the result of
gene flow between differentliated regions.

Dispersal between southern Arizona mountain ranges,
although possible, may not be a yearly occurrence. The
importance of reduced migration rates can be demonstrated
by comparing genetic distance estimates between continuous
Colorado populations of C. herbarum (% = 0.040 T 0.024) with
the discontinuous semi-isolated southern populations (X =
0.152 T 0.062). The genetic distance estimate between P.
varipes populations collected from some of the same southern
mountain ranges is similar (X = 0.127 } 0.063). Increased
morphological discrimination of southern C. herbarum popula-
tions (Table 27) 1is additional evidence for the increased

differentiation of southern populations.
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Small population size also contributes to the
differentiation of populations. The increased genetic
distance between Kitt Peak and Pinaleno Mountain populations
of P. varipes may be due to random genetic changes resulting
from small population size. Seasonal or chance reductions
in population size may have produced changes observed in
the C. herbarum White Mts. (ACPH-5, Table 18) and Santa
Catalina Mts. (AK-2, Table 18) populations. Both of these
populations have major shifts in isozyme frequencies similar
to those observed in the Kitt Peak P. nitens population.

Alternate fixation of alleles is not characteristic
of continental populations such as those of Drosophila
pseudoobscura (Prakash, Lewontin, and Hubby 1969) or D.

willistoni (Ayala et al. 1972) unless gene flow is reduced
(Selander and Yang 1969). It is seen in single island
Hawalian Drosophila populations such as D. adiastola

(Rockwood et al. 1971) and D. setosimentum (Carson and

Johnson 1975). The population size and degree of isolation
are similar for both Hawalian picture wing Drosophila and C.
herbarum. Small populatlon size combined with isolation
contribute to the differentiation between populations and

between regions.
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Mating Patterns

The Hardy (1908)-Weinberg (1908) equilibrium
(Wallace 1968) predicts the genotypic or zygotic frequencies
which will be produced from given gene frequencies. It
assumes large populations, equal reproductive success
between all genotypes, and random mating. The only consist-
ent deviations from the Hardy-Weinberg equilibrium in P.
varipes populations are heterozygote deficiencies at the

OC-GPDH locus. These deviations are consistent and impres-
sive. For example, May 16, 1975 in the Santa Catalina
population, four heterozygote ihdividuals ﬁefe observed
and 37 were expected. If these deviations were the result
of inbreeding in small populatlons, more enzyme loci should
have devliated. Heterozygote deficiencies are probably
caused either.by selection against oC-GPDH heterozygotes
or by non-random mating between ©oC-GPDH genotypes. It
seéms unlikely that a polymorphism would persist with strong
selection agalnst heterozygotes.

The most likely explanation 1s non-random mating
between &-GPDH genotypes. The alpha-glycerophosphate
metabolic cycle 1s essential to insect flight muscle energy
production. It oxidizes NADH to NAD' which is requlred for
glycolysis (Candy and Kilby 1975). Kinetic differences
between OC-GPDH isozymes in response to temperature have

been reported for Drosophila melanogaster (Miller, Pearcy,
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and Berger 1975) and Colias butterflies (G. B. Johnson 1976a).
The OC-GPDH-1 individuals of P. varipes may be adapted to
lower temperatures. Significant seasonal changes in X-GPDH
1sozyme frequencies are observed in P. varipes populations
(Table 29) and the frequency of  X-GPDH-1 correlates
significantly with temperature. As the temperature de-
creases, the frequency of &X-GPDH-1 increases.

Temperature selection could cause changes in isozyme
frequency and produce non-random mating. If the X-GPDH-1
individuals eclose earlier in the spring, they may be
reproductively out of phase with the rest of the population.
If the X-GPDH polymorphism results in temperature-specific
flight activity, the mating time of the two genotypes could‘
be different. Either process could lead to sympatric
speciation. It 1s interesting that each of the two sibling
pairs of species, C. herbarum + C. juncorum and P. nitens +
P. varipes is fixed for alternate OX -GPDH isozymes
(Table T).

Pinaleno mountain collections of C. herbarum
populations were made to ldentify the microgeographic
variation of isozyme frequency. Threé of the five poly-
morphic enzyme loci (AK, MDH, and ACPH) show significant
differences hetween populations in different meadows.
Genotype frequencies for four of the five polymorphic loci
(AK, PGM, MDH, and ACPH) deviate significantly from
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Hardy-Weinberg expectations within single meadows. All
deviations are due to an excess of homozygotes and a
deficiency of heterozysotes. Selection should cause locus-
specific genotypic changes.

Consistent genotypic deviations at all loci could
result from sampling. No significant difference between
meadow populations is observed for FUM, and FUM isozyme
genotypes in each meadow population are in agreement with
the Hardy-Weinberg equilibrium. When meadow populations were
combined, significant deviations were produced. Deviations
will result 1f several isolated differentiated subpopulations
are assumed to represent a freely interbreeding population
(Wahlund's principle, in Wallace 1968, pp. 100 - 103). A
subdivided population would produce an excess of homozygotes
and a deficiency of heterozygotes. Wahlund's principle
predicts that homozygotes are increased over expectation
by the varilance of the gene frequency. When Hardy-Weinberg
predictions were corrected for C. herbarum populations,
significant deviations were not removed. Wahlund's
principle may be producing part but not all of the deviation
observed in C. herbarum populations.

Non-random matling could cause parallel genotyple
changes at several loci. Inbreeding in small populations
would produce excess homozygotes. Significant deviations

from Hardy-Weinberg equilibrium in C. herbarum populations
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were more frequent in southern Arizona populations. This
may relate to the reduction in population size. Although
the predatory mobility of C. herbarum adults should mix
subpopulations on the same mountain, migration, even between
meadows, does not appear to be accompanied by gene flow.

Low gene flow 1s consistent with highly differentiated
meadow populations. In summary, C. herbarum populations
are characterized by geographic and microgeographic isola-

tion, reduced population size, and non-random mating.

Selection

Isolation, small population size, founder effects,
and inbreeding all tend to randomize allele frequencies.
Selection favoring specific genotypes produces a pattern of
allele frequency variation as populations adapt to local
environments.

Genetlic distance estimates grouped the southern
populations of C. herbarum into a pattern that corresponds
to Dice's biotic provinces (Figure 11). These provinces
are based upon differences in floral composition; however,
they also reflect faunal species boundaries. The clustering
which corresponds to blotic province rather than geographic
proximity may indicate the importance of environmental
interactions in differentiating populations. The specific
mealybug assoclatlons are not known for C. herbarum;

however, southeastern Arizona mealybugs are more closely
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related to those of the Mexican fauna than to those of the
U. S. If there are, in fact, differences in mealybug prey
from north to south, they may contribute to the regional
isozyme differences between northern and southern popula-
tions. Zouros (1973) has identified two host races of

Drosophila mojavensis, one breeding in organ pipe and the

other in agria cactus. These races were differentiated
at three of five polymorphic enzyme loci.

Parallel patterns of isozyme varlation between two
species which occupy similar habitats would be strong
evidence for selection. Genetic convergence was observed
between P. varipes and P. nitens populations collected from
Kitt Peak. The Kitt Peak population of P. varipes was
differentiated from other P. varipes populations, and the
Kitt Peak population of P. nitens was differentiated from
other P. nitens populations. The genetic variation of both
speclies was assumed to be due to genetic drift. The
genetic similarity could be due in part to selection in a
similar environment. 8Significant correlations between MDH
and FUM isozyme frequencies and elevation were observed in
both C. herbarum and P. varipes populations.

An excellent example of parallel enzyme variation
between two unrelated species has been observed for phospho-
glucomutase isozymes. C. herbarum's PGM-3 migrates to the

same relative mobility position as P. varipes' PGM-4, 1.3
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(Table 12). (The mobility position of P. varipes' PGM-1
was not identified in the species comparison.) These
isozymes may be structurally as well as functionally
homologous. In both species, this PGM isozyme was signif-
icantly correlated ﬁith elevation. In the seasonal collec-
tions of P. varipes, PGM-1.3 frequency changes were
negatively correlated with temperature. The frequency of
PGM-1.3 was higher in most Colorado populations of C.
herbarum. Although climatig data for specific collection
sites of C. herbarum are limited, there are consistent
differences (10°C) in the mean low winter temperature
between northern and southern collection sites. Significant
differences in PGM isozyme frequencies were observed for
both P. varipes (1974-1975) and C. herbarum (1974-1976)
between year to year collections. Isozyme frequency
differences were not in the same direction. Whether these
changes are random deviations or adaptations to local
temperature differences cannot be determined. There is
sufficient evidence that temperature variation is maintain-
ing PGM isozyme polymorphism.

Climatic variables such as temperature reflect
latitudinal and elevatlonal gradients. Reglonal patterns
of variation between northern and southern C. herbarum
populations are reproduced microgeographically in the

Pinaleno Mountains. MDH-3 was correlated with elevation
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and latitude. AK-3 was absent from all of the Colorado
populations (except Rampart, 0.097). In the Pinaleno
Mts., AK-3 was found at a significantly reduced frequency
in Chestley meadow compared with populations in lower
meadows. Even if the environmental changes between
populations are gradual, selection can produce abrupt gene
frequency changes (concave fitness set, Levins 1968,
Wilson and Bossert 1971).

Although the evidence for selection operating in
chamaemyild populations is circumstantial, it is hard to
ignore. North-south patterns of genetic variation of
glucose-metabolizing enzymes have been related to temper-~
ature differences in other organisms (Prakash 1973, Band
1975). All of the enzymes assayed in this study with the
exceptlion of acld phosphatase are glycolytic enzymes.
Hexokinase functlons in glucose mobilization. Adenylate
kinase regulates the ATP/ADP ratio. Phosphoglucomutase
functions in gluconeogenesis. All three catalyze non-
equilibrium reactions and may be regulatory enzymes (G. B.
Johnson 1974). Malic acid dehydrogenase and fumarase
function in the tricarboxylic acid cycle and are probably
nonregulatory.

The small populations of chamaemyiids would appear
to require intense selection pressures to produce the

observed patterns of enzyme varlation. Patterns of
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metabolic regulatory enzyme variation in subpopulations

of the alpine butterfly, Colias meadil Edwards, have been

observed (G. B. Johnson 1976b). The population size of C.
meadii was over 1,000 individuals. Genotypic combinations
of alleles were specific and different for five collection
sites all located within a distance of 3.2 km. and an eleva-
tion difference of 610 m. Johnson hypothesized that specific
combinations of alleles were selected at local host plant
sites in spite of extenslve migration. Organlized isozyme
variation at several regulatory loci may conbine to produce
an integrated metabolic genotype adapted to local environ-
mental variables. Similar selection may be operating in
the alpine Diptera.

The distribution of C. herbarum adults in a single
meadow is patchy or clumped. Localized selectlon could
produce the observed deviations from Hardy-Weinberg
equilibrium. The response to selection, whether in a meadow
or in an ilsolated mountain range, would depend upon the
availlable genetic variation. The founder effect would still
be evident between isolated populations. Gene flow prevents
the differentiation of populations. It tends to make all
populations the same. If gene flow is reduced, selection
for localized conditions would be more effective. Dice's
biotic provinces which classify local environmental varia-

tion correspond to patterns of isozyme variation in C.
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herbarum populations. Localized selection pressures would

produce parallel patterns of genetic variation between

specles found in the same environment.

The First Step

Evolutionary divergence by geographical speciation
is the progressive differentiation of an ancestral popula-
tion into local races, geographical races, semispecies, and
finally species and speciles groups. The béginning of the
process, local and geographic race formation, was observed
in C. herbarum. The desert barricade between southern
Arizona mountain ranges has been present from the late
Pleistocene, for the last eight to ten thousand years
(Martin 1963). Before this time, the mountains were con-
nected during pluvial periods by a mesic environment that
would allow the southward invasion of Colorado specles. -
Subsequent isolation favored the genetic differentiation
of populations.

This 1isolation effect upon southeastern Arizona
mountain insects is well documented by Ball (1966) for
species of a flightless beetle genus. Isolation has been
so effective that these beetles have evolved morphological
subspecies in each of the isolated mountain ranges. A
comparison with C. herbarum suggests a different time scale
for speciation events between winged and wingless insect

species in southeastern Arizona mountains. Ball (1965)
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suggests that eight to ten thousand years are required for
the evolution of morphological subspecies from isolated
beetle populations. During thls same time in this same
area, the dipteran C. herbarum populations as a group have
diverged morphologically and genetically from the Colorado
populations and distinct races have been produced between
mountain ranges and possibly between biotic provinces.

Estimatés of genetic distance between species in
different phyla are extremely variable (King and Wilson
1975). However, genetic distance estimates between northern
and southern populations of C. herbarum are two to three
times greater than between allopatric subspecies of Dro-
sophila (Ayala et al. 1974). Genetic distance estimates
suggest semiépecies or slbling species differences between
regions, but the hybrid nature of the New Mexlco populations
and the absence of reproductive isolation tests contraindi-
cate the specles level classification. C. herbarum has
completed the first steps toward speciation and has reached
the level of geographic race formation.

Peripheral isolation of Arizona populations may not
be unique to C. herbarum. The process of geographical
speciation may be completed for C. fumicosta. This species
is known only from Arizona, but recently specimens similar
to it but larger have been seen from central Mexico. It is

tempting to speculate that an ancestral specles was
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distributed from Central America to southern Arizona
mountains. Present C. fumicosta populations may represent
once peripheral populations isolated from the ancestral
range.

If the rate of evolution is‘determined by the
amount of genetic variation in populations and the intensity
of selection among genobtypes, the family Chamaemylidae

should be characterized by rapld evolutionary change.



CHAPTER T
COMPARISON OF TECHNIQUES

Both electrophoretic and morphometric techniques
measure the same gene.pool. Morphometric and enzyme varia-
tion; however, diverge at different rates as evidenced in
the L. ocellaris species group (Figure 4 and 5). Morpho-
metrically the group of species are similar, but they
show isozyme divergence. C. juncorum + C. herbarum and
P. varipes + P. nitens are pairs of sibling species.
Morphological similarity is not the product of genetic
similarity.

Neither molecular enzyme evidence nor morphological
evidence is more signiflcant for measuring relationships
between species. There are advantages and disadvantages
in the use of each. Neither technique by itself can be
used to establish species rélationships unequivocally. The
D2 estimate consistently separated species such as C.
fumicosta, L. bivittata, and L. sp. 82 on the basis of
size. The genotype-environment interactions evident in
population compariséns could result in convergence between
specles. The reliability of specles relationship ldentifi-
cation by the electrophoretic analysls of protein variation
should increase as the number of loci is increased. In

95
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addition to inecreasing the number of 1oéi, a random sample
of functional enzymes should be used. The discriminant
analysis of morphometric characters usually used only
selected characters to identify species; therefore,
increasing the.number of characters may not necessarily
increase the reliability of distance estimates between
species.

Isozyme data can be and are applied to difficult
taxonomic problems and can be very useful at this level.
Ayéla (1973) has described two new subspecies of Drosophila
willistoni on lsozymes alone, an interesting exercise, but
not particularly useful to other ecologists or taxonomists.
Two specles of tephritid flies are similar morphologically,
but differ in isozyme frequency and karyotype (Bush and
Boller 1977). Others are similar both morphologiéally and
karyotypically, but have consistently different isozyme
frequencies. These isozyme races differ in host preference
and may be incipient species (Bush and Boller 1977).
Relating isozyme variation to ecological factors can indi-
cate evolution via ecological speciation. Some of the
ecological impllications of chamaemyiid isozyme variation
have been discussed, such as cold tolerance-PGM, and

flight activity or ability - OC-GPDH.

Morphometrics may be more readily available to

taxonomists because it measures phenotypic variation from
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pinned specimens. Living specimens and expensive chemicals
or special equipment are not required. Discriminant anal-
ysis can be used for identification purposes, giving a
probability of correct assignment, as well as indicating
the presence or absence of significant differences between
groups. It also provides a dlstance statistic for indi-
cating species relationships.

Morphometric variation could discriminate popula-
tions of C. herbarum. Mahalanobis D° estimates based on
these measurements did differentiate northern and southern
populations (Figure 16). The isozyme frequency differences
between northern and southern populations (Figure 14) were
more consistent. Electrophoretically measured enzyme
variation is a more useful tool for studying population
differentiation and the effects of isolation, genetic drift,
or natural selection. Electrophoresis measures the variation
of a specific gene product. Isozyme frequencies can change
rapidly in response to selection. Morphometric variation
data are obtalned from phenotyple characters. Phenotypic
variation is due to both genetlec and environmental varia-
tion. Nongenetic phenotyplc variation may buffer the force
of selection on the genotype. Therefore, morphometric
variation may be less useful for studying the genetic
differentiation of populatlons or the effects of natural

selection. The morphometric characters which discriminated
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between populations (eye length, mesonotum length, cheek
width, medial-cubital vein length and radial-medial vein
length) are the characters most often used to discriminate
between species and genera (Table 16). Morphometrics
may be more useful for ﬁeasuring relationships between

higher taxonomic levels.
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c

100

C THE DENDROGRAPH

PROGRAM DKGRAF(INPUT»OUTPUT,TAPES=INPUT» TAPE6=OUTPUT,»TAPELG)
REAL MATRyNAME

INTEGER SEARCH

COMMON MATR{B20)sNGR{40)sNN(40)>NOM(40)sWIGR(40),
1BEGR(40)sNP(4C)» IORD(40)s NAMEL2540) s ALIN(40) s A(B)»FNT(8)s
2T1(8)»T2(8)

1BEGR(200)sNP{200)5 IORD(200)sNAME(4»200),ALIN(200),A(18),FMT(18])

C 999 READ(5,10) Mo KLAMy (ALI)»Is1,18)

[z N zK3]

[z XX 2]

CALL INITIAL(B8H23001561,10:,0.55050)

999 READ(5,10) Mo KLAMS (A(I)»I=1,8)

IF(EOQF(5)) 100,2
MM=M

2 MMsM
READ(5,20) T1,T2
MT=M
M= TABS (M)
READ(5,40) AENG»AHI»FNCR
READ(5530) ((NAME(IsJ)pI=ls4)sd=ls M)
READ(S5530) ({NAMESTI»J),Is1s2)»Jals M)
READ(S5520)(FMT(J),J=1,18)
READ(5,20)(FMT{J)»Js=1,8)
WRITE(6511)(A(I)sInly B)HM
WRITE(6s11) ApT1»T2,M
DO 15 J=1,H
JJa{J®(d=1)} /2
WIGR(J)=0,.0
BEGR(J)=0.0
NN(J)=d
NP(J)=J
NOM{J)=]l
NGR(J) =)
I0RD(J)=0

LOWER HALF OF MATRIX IS READ ROW WISE FROM LEFT TO RIGHT

15 READ(SsFHMT) (MATR(JJI+K)pKalsJ)

WRITE(6,91)

102 00 25 I=1,M

Jdm(I*(I-11)/2

25 WRITE(6,21) I, (MATR{JJ+J)»d=1ls1)

IF(MM.GT.0) GO TO 107

MMa (M (M+]1)) /2

00 105 I=1,HH
IF(MATR(I)«GTols) MATR(II=1,

105 MATR{I)=sACOS(MATR(I})

WRITE(65101)
60 TO 102

107 MH=M+)

MisM=-1
MAIN LOOP FOR CALCULATING CLUSTERS

DO 95 MATINs=1,ML
LCT=HH=-MAIN
LCM=LCT-1
AMINs]100000,.



ono

aOOo

35

18

MATRIX IS SEARCHED FOR SMALLEST WITHIN GROUP MEASURE

00 35 I=l,LCM

KaI+l
IMALsNNCI)#(NNCI)®(NN(I)=1))/2
DO 35 J=K,LCT
IT=(NNCJI#(NN(J)=1))/2
IMA2sNN(I)+IT

IMA3aNN{J)+IT

LASNOM(I)I+NON(J)
ANQM={LA®(LA~1))/2
TEMPa(MATR(IMAL}+MATR{INA2)+MATRCEIMAI) ) 7ANCH
IF(TEMP.GT.AMIN} GO TO 35
ITI=1

ITd=d

AMIN=TEMP

CONTINUE

LASNOMCITI) +NOM(ITJ)

BEGINNING AND ENDS OF GROUPS TO BE JOINED ARE FOUND B8Y SEARCH

JKLaNN(ITI)

IBEGI=SEARCH(NGRsJKL)

JKLENN(ITS)

IBEG2sSEARCHINGR» JKL]
IENO1=IBEGL+NOM(ITI) =1
IEND2wIBEG2+NCM(ITJ)=1
ITs(NN(ITJ)I*INN(ITJ)=1))/2
IMALeNNCITID+(NNCITII®(NNC(ITIV-1))/2
IMA2sNNUITI)IT

IMAZaNNCITJ)+IT
JKLeNQH{ITIV*NOM(ITJI)
BEGR{IBEG2)=MATR{IMAZ)/FLOATCJKL)
WIGR(IBEG2)=AMIN

IORD(IBEG2)=MAIN

TEMPsMATRUIMAL) +MATR(IMA2I+MATR{IMNAS)

QUTPUT ARRAYS ARE SHIFTED INTO THE NEW ORDER
THE RIGHTMOST GROUP IS SHIFTED LEFT

LOIFsIBEGR~IEND1~]1
KLIMSNOHIITJ)
IF(LDIF) 77,17,18
00 45 I=l,KLIM

DG 45 J=1,LO0IF
KS=1BEG2+I~-J
MSTaNGR{KS?}
NGR{KS)=NGR(KS=-1}
NGR{KS=1)wNST
HSTaNP (KS)
NP(KS)=NP{KS-1)
NP(KS=1)=HNST
MST=IORD(KS)
IORD(KS)=IORD(KS~1)
IORD(KS=1)=HST
GWsNIGRIKS)
WIGR(KS)=WIGR(KS=1)
WIGR(KS=1)=GW
GWsBEGR(KS)

101
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[z Xz Kzl

45
141

125

78

135

BEGRIKS)=BEGR(KS-1)
BEGR(KS=1)=GW
IF(NOM(ITI)=-NOMCITJ)) 131,141s14l
KNO2eNOM(TITS)
KS=IEND1l+1

GO TQ 78
KNO1=NOQM(ITI)
KNO2sNOM(ITJ)

DD 125 I=1,KNC1

00 125 J=1,KNO2
KS#IENDL + J = I
MST=NP(KS+1)
NP(KS+1)=NP(KS)
NP(KS)=MST
MSTaIORD(KS+1)
IORD(KS+1)=IORD (KS)
IORD(KS)=MST
GW=WIGRIKS+1)
WIGR(KS+1)=WIGR(KS)
WIGR(KS)aGW
GW=BEGR(KS+1)
BEGR(KS+1)=BEGR(KS)
BEGR(KS)aGW
KSaIBEGL+KNO2
IORD(KS)=IORDCIBEGL)
WIGR(KS)sWIGR(IBEGL)
BEGR(KS)=BEGR(IBEGL)
IORD(IBEGl) =0
WIGR{IBEGL)=0.0
BEGR(IBEGL)=0.0
KNQ2sNOMIITI?

IF THE NEW RIGHT GROUP HAS MORE THAN TwWO ELEMENTS
ITS OROER IS REVERSED

IF(KNOZ2.LE.2) GO TO 111
KNQ1=KNG2/2

KSsKS=-1
IEND2=IBEGL+NOMCIITI) +NOH(ITJ)
00 135 Is1,KNO1
HSTsNP{IEND2-])
NP(IEND2-T)=NP(KS+1)
NP(KS+I)aMST
MSTsIQRO(IENDZ~T}
IORD(IEND2~I)=I0RD(KS+I+1)
IORD(KS+I+1)sMST
GW=BEGR(IEND2-1)
BEGR(IEND2=I)=BEGRIKS+I+1)
BEGR(KS+I+1)=GW
GWaWIGR(IEND2-T)
WIGR{IEND2=I)sWIGR(KS+I+1)
WIGR(KS+I+]1)sGW

CONTINUE

LATEST GROUP IS PARTIALLY RELABELED IN *NGR*

111 00 55 Isl,KLIM
55 NGRCIEND1I+I)eNN(ITI)

ROW AND COLUMN NN(ITJ) ARE ADDED ON TO ROW AND COLUMN NN(ITI)
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O 60 o0

[z X 2X 2]

75

28

as
27

65

95

205
205

103

00 75 I=1,M
KLA=IPGS(NNCITI} 1)
KLE=IPOS(NNIITJ) D)
MATR(KLA}»MATR(KLA}Y+MATR(KLE)
MATR(IMAL)=TEMP
LOIF=LCT-ITJ

IF(LOIFY 77,27,28

DO 85 I=1,LOIF
NNCITJ+I-1)aNNCITJ+])
NOM(ITJ+I=1)eNOM(ITJI+I)
NOM(ITI)=LA

IFIKLAM.EQ.0) GO TO 95
KSaMAIN=(MAIN/KLAM) *KLAM
IF(KS«NE.O) GO TQO 95
WRITE(6531) MAIN
WRITE(6s61) NP(1)»NGR(L)

DO 65 Js2,H

WRITE(&»71) IORD(JI,WIGR(JISBEGR(J)
WRITE(Es61) NP(J)sNGR(J)
WRITE(6s41) (NN(I)»Iml,LCM)
WRITECE»4L) (NOM(J) »d=l,LCH)
CONTINUE

L2222 dd END OF MAIN tOQf *RRBERERE

WRITE(6,121)

KSaNP (1)

WRITE(6s81) (NAMELL»KS)sL=1s4)sKS

WRITE(6s81) (NAME(LSKS)sL=1r2),5KS

00 205 I=2,M

WRITE(&,»181) IORD(IV»WIGR(I)s»BEGR(I)

KS=aNP(I)

WRITE(E»BL)(NAME(L»KS)sLals4)sKS

WRITE(EsBL) INAME(LoKS)sLun1l,2),5KS

WRITE(6s1)

CALL OEMNORO(WIGRSBEGRsNP» IORDsNAMES ALINS s FNCRs AENG> AHI, T A)
CALL DENDRO(WIGRsBEGRsNP» IORDsNAME» ALINsMs FNCRsAENGSAHI» HToA»
$T1.72)

CALL PLOT(AENG+#540+0.0,-3)

GO0 TO 999

WRITE(€»S1) LDIF

60 TO 999

sTop

CALL PLOT(04»045999)

STGP

FORMAT (*1%)

FORMAT(214,18A4)

FORMAT(21457A10,42)

FORMAT(%1%,30Xs18A4s//% NUMBER UF GROUPS IS *,13)
FORMAT(*1%30X57A105A2s//* NUMBER OF GROUPS IS *1I3})
FORMAT(#1%30X,7A10,425/52(30X,8A105/)5% NUMBER OF GROUPS IS #13)
FORMAT(1844)

FORMAT(8A10)

FORMAT(#0%, 13, (1Xs16F8.4))

FORMAT(20A4)

FORMAT( S(A10,A6))

FORMAT(ALO»AGS64X)

FORMAT(24105,60X)

FORMAT(*1 CLUSTERING STAGE NO. *I3,//*% NP*5Xe*NGR ORD*, 49X, *WGR
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OO0

181

~N-

10

15

25

35

104

1 BGR¥)

FORMAT(2F10.35F5,2)

FORMAT (#0%*, 3314)

FORMAT (%0 LOIF = %I4)

FORMAT(* #,13,5X,I3)

FORMAT(* *,12X513,2F844)

FORMAT(® %5444, 14)

FORMAT(* *A105A6914)
FORMAT(#0%, 20X #QRIGINAL INPUT MATRIX (LOWER HALF BY ROWS)*)
FORMAT(*1 TRANSFORMED INPUT MATRIX*)
FORMAT(*1%,30Xs *FINAL RESULTS*//% NAME*»14X»*NP¥*,5Xs *0RDER*»5X>»
1*%WGR BGR*)

FORMAT(* #527Xs 135 2X»2F844)

END

INTEGER FUNCTION IPQOS(IA,IB)
IF(IA.GT.IB) GO TO 1
IPOSsIA+(IB*(I8~1))/2

GO T0 2

IPOS=IB+(IA*{IA~1))/2

RETURN

END

INTEGER FUNCTION SEARCH{NAR,NINT}
DIMENSION NAR (1)

DC 5 J=1,200

IF(NINT.EQ.NAR(J}) GO TC 10
CONTINUE

Jael

SEARCH=J

RETURN

END

SUBROUTINE DENDRO(WIGRsBEGRsNP»IURDSNAMESALINsMsFNCRs AENGs AHILMT,
$45,T1,T2)
1A)

REAL NAME

INTEGER SEARCH )

DIMENSION WIGR(1)eBEGR(1)sNP(1)sIORD(L)oNAME(2s1)sALIN(1)»A(L)S
$T1(1),T2(1)

HH=M-1l

IORD(1)=M+l

IORD(M+1)uM+l

AENG=AENG—-1.

SCALE X-AXIS IN INCHES

00 15 Jw3,H :
BEGR(J)=BEGR(J)+BEGR(J~1) .
SCAX=AENG/BEGR(M)

UPI=BEGR(M)/AENG

00 25 J=l,M

BEGR{J)I=BEGR(JI+UPI/2.0
TOTX=BEGR(M)+UPI/2.0

00 35 J=l,H

BEGR{JI=BEGR(JI*SCAX

SCALE Y=AXIS IN INCHES

IF(MT.LT.0) TOTY=l.~COS(WIGR(IH)]
SCAY=AHLI/TOTY

TATY=WIGR(IH)

IH=SEARCH({IORD,MM)
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00 45 I=l,M

IF(MT.LT.0) GO TO &4
WIGR(I)sWIGR(I)*SCAY

GO TO 45
WIGR(I)=(1.-COS(WIGR(I)))*SCAY
CONTINUE

SET X-AXIS LIMIT

XLEN=&8,
CALL LIMEIT(XLEN)

SET ORIGIN

XORG=0.
YORG=2,

PRINT TITLE

XeX0RG~2.

X=X0RG=1.5

Y= .5

Y=Q,1

CALL SYMBOL{X»Y»¢1255A4(1)590.572)
CALL SYMBOL{(X»Y»420054(1)590.,72)

DRAW THE SUBTITLES

145

X=X0RG=1.1
CALL SYMBOL(X»Y»0.125+T1(1),90.280)
XsXGRG=0.85
CALL SYMBOL(X»Y»0.125,T2{1)590.580)

DRAW IN BOUNDARY LINES

CALL PLOT(XORGs»YORG» 3}
X=XORGH+AENG+1,

CALL PLOT(X»YORG»2)
YeYORG+AHI+.4

CALL PLOT(X,Y,2)

CALL PLOT(XORGsY»2)
CALL PLOT(XORGsYORG,2)

PEN NOW LOCATED AT ORIGIN

PLACE TIC MARKS ALONG X=-AXIS

IAX=TOTX

AX=XQRG

DO 145 I=1l,IAX
AXsAX+SCAX
Y1=YORG+,.06
Y2=YORG=.07

CALL PLOT (AX»YL»3)
CALL PLOTUAX,Y252)

LABEL AND PLACE TIC MARKS ALONG Y-aAXIS

IF(MT.LT.0) GO TO 36
IF(FNCR.EQ.0s) FNCR=1l,
NTAOTsTCTY/FNCR
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36

37

85

27

55
55
55

65

FNMB=Q.

FDIS=FNCR®SCAY

GO TO 37
IF(FNCR.EQ.0.) FNCR=,]
NTOT=TOTY/FNCR
FDIS=FNCR*SCAY

FNMB=l,

FNCR=~FNCR

XsXORG-. 425

Y= YORG-.125

CALL NUMBER(XsY»re1255FNM350451)
AI=sFNHB

AY=YORG

IF(NTQT.EQ.0) GO TO 27
D0 85 I=1,NT0T
AI=AT+ENCR

AY=AY+FDIS
X1sXORG+.125
X2=X0RG=~.125

CALL PLOT(X1,AYs3)
CALL PLOT (X2,AY,2)
AYYsAY=,125
XsXORG-.425

CALL NUMBER(X»>AYYs+125541,0.01)

PRINT CBJECT NAMES

D0 55 I=l,M

AX=XORG#BEGR(I)

IL=NP(I)

YsYORG=2.54

CALL SYMBOL{AXsYse125,NAMECL,IL)»90.,16)
CALL SYMBOL(AX»040s04125yNAME(LsIL)»90.516)
CALL SYMBOL(AX»0.1,0.090,NAME(1,IL)»90.,20)
DO 65 I=1,M

ALIN(I)=0.0

GENERATE DENDOGRAPH

00 75 I=1l,MM
IHsSEARCH(IORDs 1)

THIS IS ADDED TO BRING THE YORG OOWN 0,54 INCH

67
68
77

YORG=YORG~D.54
BARaYORG+ALIN(IH)
BAL=YORG+ALIN(IH=1}
TOP=YORG+WIGR{IH)
SRaXORG+BEGR(IH}
SL=XCORG+BEGR(IH=~1)
CALL PLOT (SR»BAR,3)
CALL PLOT{SR,TOP,2)
CALL PLOT(SL,TOP,1)
CALL PLCTISLsBALs1)
K=TORD(IH)

Jelf

Judel

IF(K=IORD(JI) 68,6767
IEND=J=-1

JsIH

JesJ-1

IF{K~=I0RD(J}) 78577977

106



778179

74879
6177879

78 IBEG=J
ALINCIBEG)=WIGR(IH)
ALIN{IEND)=WIGR({IH)
CENT= (BEGR(IH)+BEGR(IH-1))/2,0
BEGR{IBEG)=CENT

75 BEGRCIEND)SCENT

[ CALL ENOPLT

RETURN
END

11 QE SQUARE ESTIMATE OF GENETIC DISTANCE
BETWEEN 11 SPECIES OF CHAMAEMYIIDAE
BASED UPON SIX ENZYME LOCI
9.0 6.0 0.0
C HERBARUM
C FUMICOSTA
C JUNCORUM
PVARIPES
NITENS
5P3
OCELLARIS
BELLULA
SP82
SPE
SPH
(12F7.4)
00.0000
«1429 .0000
«2233 .3039 .C000
«2319 .2852 .1906 .0000
<2133 .,2519 .1822 .0887 .0000
«2552 2735 .2039 .1503 L0573 L0000
«2362 23070 42310 .1854 2620 .3060 .0000
2962 42984 43002 43391 .2792 .3214 .3044 L00CO
«2773 42977 42987 .2604 42582 .251l4 .2089 L2671 .00G0
«3081 3442 L3480 .2605 42840 3048 .2340 L2960 .2414 L0000
¢3639  .3766 .3718 L2776 43182 43686 L2764 3152 L2653 .1028

rerercoY
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PROGRAM FOR AVERAGE HETEROZYGOSITY AND GENETIC DISTANCE

NO. OF SUBPOPULATIONS = Y

¥0 OP POLYMORPHIC LOCI IN EACH POPULATION = N

¥O OF MONOMORPHIC LOCI IN EACH POPULATION =RNM

TOTAL ¥O. LOCI STOUDIED = RN

NO OF ALLELES IN ITH LOCUS = NN (I)

X(X,J,K) = GENE PREQUENCY OFP KTH ALLELE OF ITH LOCUS IN JTH SUBPOPULATIO
CN(I,J) = NO. OP ALLELES OF ITH LOCUS IF JIH SUBPOPULATION

PROGRAY NEI GS (INPUT,OUTPUT, TAPES=INPUT,TAPE6=0UTPUT)
DIMENSION N¥ (20} ,X(20,15,15) ,CN(20,15),SX(2C,15,15),DX(20,15,15),
1 TX(15,15) ,T4X(15,15) ,TXX¥(15,15) ,TXY¥(15,15) ,TXXYY (15,15),
274 (15,15) ,DH (15, 15) , VHX (15) , SHX (15) , D (20, 15, 15) ,DMI (15,15) ,
3AVH(15) ,TDM (15,15) ,VD4 (15,15) ,SDM(15,15) ,SST(15,15),CST(15,15),
4ysT(15,15) ,vMXY (15,15) ,CHXXY (15,15) ,CHMXYY (15,15) ,CHXY (15, 15)
DIMENSION NANE (20),NAHE1(20)

INTEGER ZPMT2(6),NUM(15)

DATA ZPMT2/4H (2X, ,UH +10H (4HPOP= I2,10H,2X)) /

DATA HUM/UEB 1,48 2,4H 3,48 4,u4H 5,4H 6,4H 7,48 8,
148 9,88 10,48 11,4H 12,48 13,48 14,4H 15/

730 READ (5,790) NAME, NAME1
790 FORMAT (20A4)
IP (BOP(5)) 800,998
998 BREAD (5,1) M, B, RNM, RN, (NN(I), I=1,N)
1 PORMAT (2I2,2P2.0/4012)
WRITE (6,100) NAME,NAME1,H, W, RNM, RN
100 PORMAT (5X,*POPULATION NAME IS*,1X,20A4,//,5X,*SYSTEM STUDIED IS*,
11X,20A4,//5X, *HO.OF SUBPOPULATION ¥ = *,I3,/,5X,*NO.OF POLYMORPH*,
2 *IC LOCI(N)=%,I3,/,5X,*NO. OF MONOMORPHIC LOCI (RNM) =+,F3.0,/,5X,
3%T0TAL NO.OF LOCI (RN)=*,P3.0)

DO 40 I=1,N
M1=HU(I)
Do 20 J=1,n .
BREAD (5,2) (X(I,J,K),K=1,41),CN(I,Jd)
2 PORMAT (8P10.0)
27 CONTINUE
49 CONTINUE

ZNN = RH*(RN-1.)

D0 45 J =1,14

DO 45 J1 = 1,4
04 (J,J1) = 0.
TX (J,J1) = 0.
XX (J,J1) = 0.
TXXY (J,J1) = 0.
TXYY (J,J1) = O.
TXXYY (J,Jd1) = 0.

45 CONTINUR

DO 50 I=1,H

41 = N (I)

Do 50 J=1,n

DO 50 J1=1,4
SX(I,J3,J1) = 0.0
DO 48 K = 1,K1
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nao

ao

48
50

60
AV
YA

70

109

sx{x,d3,d1) = Sx(I1,J3,31) + X(I,J,K)*X(I,J1,K)
0X(X,J,J1) = 1. - sX(I,d,J1)
CONTINUB

DO 79 I=1,N

D0 70 J=1,M

J2=3

D0 60 J1=1,32

TX(J,31) = TX(J,I1) + SX(I,d,31)

XX (J,31) = TAX(I,d1) + SX(I,J,J%)*SX(T,3,J1)
TXXY (J,J1) = TXXT (J,J1) + SX(I,J,J1)*SX(I,J.J)
TXYY(3,J1) = TXYY(J,J1) + SX(I,d,31)*sX(I,J1,J1)
TXXYT (J,I1) = TEXYY(J,d1) .+ SX (I,J,3)*Sx(I,J1,d1)
TH(JI,31) = (TX(J,J1) + RNM)/RK

DM(J,J1) = 1, =~ TM(J,31)

CONTINUE

ERAGE HETEROZYGOSITY PER LOCUS OF JTH SUBPOPULATION
AVH(J) = DM(J,J)

RIANCE OP AVERAGE HETEROZYGOSITY

VHX(J) = ((TXX(J,J) + RNH) =- RN*TH(J,J)*TM(J,J))/ZHN
SHX(J) = 0.

IF (VEX(J) .GT. 0.) SHX(J) = SQRT(VHX(J))

CONTINUE

DO 80 I = 1,¥

DO 80 J = 2,4

J2 = J-1

Do 80 J1 = 1,32

MINIMUM GENETIC DISTANCE BET J AND J1 POPULATIONS

ST

VA

A

80

135
119

p{1,3,31) = DX(I,d,J1) =- (DX(I,J,Jd) + DX(I,J1,J31))/2.
DMI(J,J1) = DM (J,J1) - (DK (J,J) +DH(J1,I1)) /2.

ANDARD GENTIC DISTANCE BEBT J AND J1 POPULATIONS

DXX = =-ALOG (TM (J,J))

DYY = =ALOG(TM(J1,J1))

DXY = =ALOG (TH (J,J1))

SST (J,J1) = DXY - (DXX+DYY)/2.

RIANCE OF MINIMUM GENETIC DISTANCE BET J AND J1 POPULATIONS
TDM (J,J1) = TOM(J,31) +D(I,J,J1)*D(I,J,d1)

VD4 (J,J1) = (TDM(J,J1) - RN*DMI (J,31)*DMI (J,J1))/ZHN
spa(J,J1) = 0.

IP (VDM(J,J1) .GT. 0.) SDM(J,J1)= SQRT (VDM (J,J1))

RIAHCE OP STANDARD GENETIC DISTANCE BET J AND J1 PORGLATIONS
VHMXY (J,31) = ((TXX(J,J1)+RNM) - RN*TH (J,J1)%TH(J,J1)) /ZNN
CHXXY(3,J1) = ((TXXY(J,J1) +RNH) =-RN#TM(J,d1)*TH(J,J)) /288
CHXYY (J,J1) = ({TXXY (J,J1) +RHM) -RN*TH (J,J1)*TK (J1,J1)) /28K
CHXY (J,31) = ( (TXXTY (3, J1) +REN) ~RE*TH (J,J) *T4 (J1,J1)) /2NN
VST(J,31) = VHX(J) /(4.*TH(3,T)**2) +VHX (J1) /(4. *TH (J1,31) »*2,) +

1 VNXY(J,31) /(TH (J,J1) #%2.) +CUXY (J,J1)/ (2. *TH (J,J) *TH(I1,JT1)) ~

2 CMXXY(J,J1) /(TH{J,J1)*TH(J,3)) -CHXTYY (J,J1) /(TH (J,J1) *TH (31,d1))
CST(J,d1} = 0.0
IF (VST (J,J1) .GF. 0.) CST(J,J1) = SQRT (VST (J,d1)})

COBTINUE

WRITE (6,105)

FORMAT (1H1Y)

WRITE (6,110)

PORMAT (50X, *AVERAGE HETEROZYGOSITY PER LOCUS*,//)
ZPNT2(2) =NUH (M)



120
130

140

150

160

170

180

190

200

210

220

332

305

89

1
102
999

110

WRITE(6,2FPNT2) (I, I=1,H)

WRITE(6,120) (AVH (J), J=1,4)

FORMAT (1HO, 3X, 14F9.4)

WRITE(6,130)

PORMAT(//,40k,*S.E.5. OF AVERAGE HETEROZYGOSITIES*,//)
WRITB (6,120) (SBEX(J), J=1,M)

WRITE (6,105)

WRITE (6,140)

PORMAT (2X,*NINIKUN GESETIC DISTANCE BET TWHO POPULATIONS®,//)
DO 150 J = 2,M

JZ = J-1

WRITE (6, 160) (DMI(J,J1),T1=1,32)

FORMAT (1H ,1%,14F9.5)

WRITE (6, 105)

WRITE (6,170)

PORMAT(2X,*S.E. OF MININUM GENETIC DISTANCE BET THO POPULATIONS*,
1 7/

PO 180 J= 2,M

32 = J-1

WRITE(6,160) (SDM(J,J1), J1=1,32)

WRITE(S,105)
WRITE (5,190) =
PORMAT (2X,*STANDARD GENETIC DISTANCE BET TRO POPULATIONS®,//)
DO 200 J=2,M
2 = 3-1

J
WRITE (6,160) (55T(J,J1),J1=1,32)

WRITE (6, 105)

WRITE (5,210)

FORMAT (2X,*5.E, OF STANDARD GENETIC DISTANCE BET TWHO POFULATION
10/

DO 220 J = 2,H

J2 = J-1

WRITE(6,160) (CST(J,J1), J1=1,J2)

IP (M .GT. 16) GO TO 999

WRITE (6, 105)

WRITE(5,330)

FORMAT (1X, *EACE BLOCK REPRESENTS GENE PREQUENCIES OF ONE LOCUSS,
1 » OP EACH POPULATION®,//)
ZFNT2 (2) =NOA (A)

WRITE (6,2PNT2) (I, I=1,M)

D0 90 I = 1,N

WRITE(6,305) I

PORMAT (40X, *LOCUS=#,I3)

M1 = HN(Y)

DO 89 K =1,M1

WRITE(6,9) (X(I,d,K), d=1,n)
PORMAT (1X, 16 (1X,P6.4,1X))
WRITE(6,11) (CH(I,J), J =1,M)
PORMAT (180, 1X, 16(F7.0,1X))
RRITE (6,102)

PORMAT (//)

WRITE(6,105)
G0 TO 700
CONTINDE



7/8/9

1/8/9
6/1/8/9

STOP
END

NEI HEW D VARIPES POP 1SANTR CATALINA 2KITT 3PINALENO U4CHIRI SNITKIT
AKA ALPHAGPDH PGM FUN

06040094

05020605

.056 .921 .023 .000 .0C0 252.

031 . 158 .724 046 041 196.

.045 .409 455 .0u5 045 22,

.026 «905 <064 .005 000 440.

.009 .023 .818 . 159 000 44,

.029 943 .029 . 000 .000 70.

«239 «761 4u48.

+ 186 .814 140.

.133 . 867 30.

. 168 .832 449.

.024 .976 126.

. 949 .051 78.

042 .778 .12C .0u9 .000 011 284.
.033 767 .093 .087 .020 .000 150.
.045 .636 .318 . 000 .000 .000 22.
. 045 .768 . 157 .028 ,002 .000 508.
.091 .819 .045 045 .000 .000 44,
000 . 214 314 <414 057 .000 70.
014 .095 .820 .071 .000 210.

.018 «027 .875 .080 .0G0 112,

100 «300 «550 .050 .000 20.

.006 069 .785 . 131 .018 380.

.0090 .068 .909 .023 .000 88.

009 114 .800 .086 .000 70.

111

6NITSC



112

PROGRAM ESQUARE(INPUT,OUTPUT,TAPE1=SINPUT,PUNCH)
COMMON FREQ(S50,75),ALL(50),NAME (50),DIST(50,50)
INTEGER Q,FMT(8) ,TOTALL,ALL

REAL NuUlt

KOUNT=61
1 READ(1,10) NG,NL,TOTALL
IP(EOF,1)99,5
5 READ{1,10) (ALL(I),I=1,NL)
READ(1,11) (NAME(I),I=1,KG)
11 PORNAT (A10,70X)
READ(1,12) PHMT
12 PORHAT (8A10)
10 PORMAT(4012,/,1012)
READ (1, FMT) {(PREQ(I,J),J=1,TOTALL),I=1,4G)
PRINT 30,NG,NL,TOTALL, (ALL(I),I=1,NL)
30 PORMAT(*1 E-SQUARE ALGORITHM OF EDWARD,S AND CAVALLI-SPORZA,S*,
$//,%0 NUMBER OF GHOUPS =*,I4,/,
$%0 NUMBER OF LOCI =*I4,/,
$%0 NOUMBER OF ALLELES=*Id,/,
$%) NUMBER OF ALLELES IN EACH LOCUS=%50I2)
PRINT 32,FPNT
32 PORMAT(*O FORMAT USED TO READ PREQUENCIES =*,8A10)
PRINT 31
31 PORMAT (* GROUP ALLELE PREQUENCIES*)
DO 34 I=1,H3
PRINT133, NAME (I), (PREQ(ZI,J),J=1, TOTALL)
133 PORMAT(1X,A10,15P8.4, (/,11X,15F8.4))
34 CONTINUE
IX=HG-1 .
DO 1000 I=1,IX
J22T+1
DO 900 J1=J2,KG
ISTOP=SUM=SUMK=".
DO 800 J=1,NL
SUMTOP=SUMBOT1=SUXBOT2=0.0
ISTOP=ISTOP + ALL(J)
Q=1STOP-ALL (J) +1
DO 700 M=Q,ISTOP
C REMOVE THIS CARD SET WHEN RUNNING
SUNTOP=SUMTOP+SQRT (PREQ (I, M) *PREQ (J1,4))
SUMBOT1=SUMBOT1+SQRT (PREQ (T, ¥) /PLOAT (ALL (J) })
SUMBOT2=SUMBOT2+SQRT (PREQ (J1, H) /FLOAT (ALL(J)})
700 CORTINUE
BUNM=8% (1-SUNTOP)
BOT1=1+5UMBOT 1
BOT2=1+SUMBOT2
DENOM=BOT 1%B0T2
ESQ=NUN/DENON
SUM=SUM + BSQ
SUMK=SUMK + PLOAT (ALL (J) =1)
IP (KOUNT .GT. 60)2,6

2 PRINT 3

3 PORMAT (*1 GROUP VS GROUP AT LOCUSMINCREMENT TO E-~2" BE-SQUARE*,
S/'t cmmes 2 avce== - [P — [P )
KOQUNT = 9

6 PRINT 4,I1,J1,J,B5Q,5048
4 PORMAT(1X,I4,5X,I4,6X,I13,8X,P8.4,5%,F8.4)
KOUNT = KOUNT + 1
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800 CONTINOE
DIST(I,J1)=5UN/SUMK

900 CONTINUE
1000 CONTINOGE
DO 2000 M=1,N6
DO 2500 W=1,NG
DIST (N,H) =sDIST (X,N)
2507 CONTINUB
2000 CONTINUE
PRINT 20
20 PORMAT(*1 DISTANCE MATRIX, LOWER TRIANGLE + MAIN DIAGONAL®*,///)
DO 600 I=1,NG
PRINT 15, MNAME(I),(DIST(I,J),Jd=1,I)
15 PORMAT(1X,A1C,15P8.5, (/,11X,15F8.5))
PUNCH 16, WAME(I), (DIST(I,J),J=1,I)
16 PORMAT(A10/,7F10.8,(/,8F10.8))
600 CONTINGE
GO TO 1
99 sToP
BND
7/8/9
6/7/8/9
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Table Bl.
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Means and Standard Deviations of 13 Morphological
Characters in Species of Chamaemyia.

Identifications: ( ), standard deviation; 1, ocel-
lar triangle base; 2, ocellar triangle side; 3,

eye length; U4, eye height; 5, cheek width; 6, meso-~
notum length; 7, mesonotum width; 8, wing length;
9, radial-medial vein length; 10, medial-cubital
vein length; 11, third antennal segment length,

12, third antennal segment height; 13, arista
length.

aridella polystigma herbarum fumicosta geniculata paludosa

5.

Te

10.

1l1.

12,

13.

" 0.1%0 0.158 . .204 . .

( .011) ( .354) (°.%§§) (o.ggB) (o.égg) (o.égg)
( 2522) ( Z%ig) ( Z%gg) ( :325 ( :8?3> ( I%%g)
459 «551 46 .T46 428 B
(.025) ( .052) ( .oa?) ( .366) ( .oﬁl) ( .ogé)
.usg 460 465 .721 .392 .355
( .038) ( .033) ( .033) ( .034) ( .051) ( .115)

.146 .128 .118 .16 . .
( .%17) { .3%9) ( .%%9) ( .%23) ( .égg) ( ,%22)
.869 .878 .878 1'338 671 .878
( .053) ( .077) ( .039) ( .082) ( .101) ( .058)

.688 .6 . . . .
(Gs2) (odo (ol (Ey (3 (3B

3.000 2.500 2.798 4.338 2,451 2.0

(" .310) { .300) { .792) ( .187) ( .282) ( .923)
. .080 . . . .

{ .833) ( .803) ( .ggg) ( ,322) ( .323) ( .83;)
. .258 . Nt . .

{ .3 3) ( .3%5) ( .ggg) ( .oﬁé) ( .é%%) ( .332)
.190 .222 .180 .252 .188 .204

( .031) { .029) ( .018) ( .053) { .026) ( .024)
.138 .1&3 .119 145 .122 .161

( .010) ( .008) ( .003) ( .012) ( .017) ( .026)

o N N . 4o .48
(ol (B (%) () (om) (o




Table B2.
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Means and Standard Deviations of 13 Morphological
Characters in Species of Pseudodinia.

Identifications: ( ), standard deviation; 1,
ocellar triangle base; 2, ocellar triangle side;
3, eye length; 4, eye height; 5, cheek width;

6, mesonotum length; 7, mesonotum width; 8, wing
length; 9, radial-medial vein length; 10, medial-
cubltal vein length; 11, third antennal segment
length; 12, third antennal segment height; 13,
arista length.

nitens varipes P. 8p.2 P. sp. 3 P, sp. &

1. 0.138 0.149 0.128 0.135 0.118

( .019) { .080) ( .009) ( .009) ( .015)

2. .108 .148 .099 .098 .088

( .027) ( .082) ( .003) ( .006) ( .010)

3. .480 487 443 .521 .517
( .039) ( .052) ( .027) { .050) ( .023) N

4, .ugl 476 U458 .508 .513

(.065) (.ot2) (.033) (.053) ( .030)

5. .093 .101 .101 .088 .098

( .008) ( .020) ( .003) ( .010) { .006)

6. TTH .6 .790 L7173 760

( .333) ( .038) ( .g 2) ( .0%1) ( .ob1)

. .62 .634 . 600 .591

7 ( .osé) ( .ogu) { .323) ( .067) ( .ggs)

8. 2.538 2, 2,436 2.518 2,044

{ .237) ( .Zgg) ( .133) ( .233) { .108)

9. .061 .063 .078 077 .055

( .013) ( .015) ( .015) ( .021) ( .012)

. . . . .18 .

10 (B ey (o (B, (4B

11, .137 .129 .129 .138 .129

( .019) ( .029) ( .003) ( .021) ( .011)

12. 2131 .138 2131 .126 115

( .012) ( .023) { .003) ( .019) ( .016)

i3. 418 .ugs .382 .508 428

( .057) ( .065) ( .o24) { .097) { .031)
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Table B3. Means and Standard Deviations of 13 Morphological

Characters in Species of Leucopis.

Identifications: ( ), standard deviation;

1, ocellar triangle base; 2, ocellar triangle
side; 3, eye lenvth 4, eye hElcht 5, cheek
width; 6, mesonotum length; 7, mesonotum width;

8, wing length; 9, radial-medial vein length;

10, medial-cubital vein length; 11, third antennal
segment length; 12, third antennal segment height;
13, arista length.

bellula L.sp.82 bivittate ocellaris L.sp. E  pemphigse pinicols

1. 0.188 0.247 0.259 0.155 0. 1sg 0.1k 0.105
(-015) ( -049) ( .027)  ( .018)  ( .01B) ( .008)  ( .013)
2. .03 .13 .095 .085 .085 .151 .o72
(003) ( -015) ( -008) ( .008)  ( .018) ( -189)  ( .o17)
3.  .388 .530 -1 440 .405 .una .367
-~ (.029) ( .109)- ( .057) ( -03%) ( .052) ( .028) ( .023)
4, 585 .578 .565 .533 .533 581 378
(o3 (3R (BB (a3 (& (3
5. 116 «201 151 .128 .132 140 .003
( ‘om) (.o20) ( .oil)  ( .o23)  ( .01%) ( .010)  ( .01B)
6. .853 1.0 1.006 .85 .B78 .90 .63
( .090) ( 13%) ( .o88) ( -058) ( -819) ( -352) ( -052)
. 6 .82 .725 .654 .66 .6 183
T RE (o  (GBh (8 e (8 (08
B. 2.163 2. 2.511 2.313 2418  2.305 1.

Cay G5y &3y &B) &ds &3 MR

. .048 - .053 .053 .05 .033 060
2 ( -008) { .132) ( -083) ¢ .ogg) ( .012) ( 003)  ( -00B)
10. 218 .282 240 218 225 .215 J142
{ .031) ( .087) ( .033) ( .o21) ( .c20) ( .o23) ( .c19)
11, 130 .150 A3 .148 .151 .128 1318
.025) ( .o17) ( .011) ( .006) { .o11) ( .009) ( .018)

12. .168 .178 .151 LAT4 153 .160 .125
( .023) ( .019) ( .011)  ( .p23)  ( .008) ( .015)  ( .o012)

13. .304 . . .336 .315 .32 .26
oodey 33y (3L 33y 0y ( o8dy




Table B4, Means and Standard Deviations of 13 Morphological Characters
in C. herbarum Populations.

Identifications: ( ), standard deviation; 1, ocellar triangle base; 2,
ocellar triangle side; 3, eye length; 4, eye height; 5, cheek width; 6,
mesonotum length; 7, mesonotum width; 8, wing length; 9, radial-medial
vein length; 10, medlal-cubital veln length; 11, third antennal segment
length; 12, third antennal segment height; 13, arista length; AL, Allens-
park; BA, Bailley; RA, Rampart; GU, Gunnison; RE, Redstone; CA, Cabresto;
SA, Sante Pe; WH, White; SC, Santa Catalina; PI, Pinaleno.

AL BA RA au RE . CA SA WH sC PI

b (OZ%E%) (°:3§Z) (°;ggg, (oiéfg) (°:3§$) (°j3§ﬁ) (°:%§§) (°:é§§) (°;§§g) (°;ggg)
= :gfg) (013) Iggg) ( Iggﬁ) ( :8?3) ( :8?3) (1000 ¢ 033) ( :833) ( :8?3)
3 ( Iggg) ( Zgﬁg) ( Igﬁg) ( Zggg) ( :322; ( Zggg) ( Zgﬁg) ( Igﬁg) ( 2353) ( :332,
. ( Zgﬁﬁ) ( 233'61) ( 0 '3‘) ( :‘éig) (_Ig:}xg) ( :332) ( Zggg) ( Iggg) ( :‘é%ﬁ, ( Igﬁﬁ)'
> ( 3338) ( I%i;) ( Iégg) ( I%ig) ( Iéig) ( :3§3) ( Zéig) ( :é§$) ( :3?8) ( Iégg)
5 (3« Iggé) ( :383) ( Zg%g) ( ;328, ( :Z%%, ( :353) ( Zggg) ( 1223) (573
1.

.566 .596 .623 675 . .584 .6 .618 .6l .
( .071) ( .080) ( .059) ( .095) ( .3%3) ( .366) { .038) ( .oéu) ( .osg) ( .3‘5’3)

8. 2.368 2.693 2,966 .2.773 2. 2,6 .9h5 .88 .6 .
( .289) .235) ( .2u8) ( .562) ( .?’?ﬂ) ( .23%) (2.§o§) (2.303) (2.11'11'?) (e.fgg)

9. .076 .079 .103 .07 .070 .070 .078 .078 074 .068
( .017) ( .013) (. .061) ( .013) ( .016) ( .ol7) ( .015) ( .010) ( .032) ( .015)
10, .221 .248 .196 244 .216 222 .243 .249 .219 .a27
( .025) (.043) ( .077) ( .031) ( .030) ( .030) ( .033) ( .030) ( .023) ( .062)
11. 154 .155 .158 .167 247 .15 .161 .166 .165 .1
( .020) ( .0o17) ( .030) ( .021) - ( .023) ( .013) ( .021) { .027) ( .023) ( .05’3)
12, 120 2131 .136 121 .119 .129 .136 134 .138 .138
(.017) ( .015) ( .016) ( .010) ( .027) ( .027) { .015) ( .021) ( .015) ( .013)
13. J4o2 b2y A57 425 .393 3

4 475 Ak
( J02) 3

A
( .oh1) ( .038) (.053) ( .0M) ( .032) ( .043) { .o§§) ( -036) ( .039)

81T
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Table Cl. Adenylate Kinase Isozyme Genotypes of C. herbarum
Populations.

Identifications: AP, Allenspark; BA, Balleys; RP,
Rampart; RS, Redstone; GN, Gunnison; CB, Cabresto;
SF, Santa Fe; MG, Mogollon; WH, White; PL,
Pinaleno; SC, Santa Catalina; (number of genotypes
expected by Hardy-Weinberg equilibrium).

AK Genoty es
Site 1-2 2-2 2-3 ﬁ -5 5-5 Total
AP 1 ilyg 48
| (46)
BA 2 24 26
(22)
RP 2 3 30 1 36
(28)
RS 2 2 Ll 48
(42)
GN : 50 50
(50)
CB 1 i} 4 8 3 22 42
(3) (13) (13)
SF 2 1 25 2 15 L5
(16) (19) (6)
MG 1 7 4 8 1 21
(4) (5)
WH 21 1 8 1 38
(21) -
PL 37 3 6 1 b
(32) (12)
sc 1 10 22 31 64

(7) (28) (28)
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Table C2. Hexokinase Isozyme Genotypes of C. herbarum
Populations.

Identifications: AP, Allenspark; BA, Bailey:

RP, Rampart; RS, Redstone; GN, Gunnison; CB,
Cabresto; SP, Santa Fe; MG, Mogollon; WH, White;
PL, Pinaleno; SC, Santa Catalina; (number of
genotypes expected by Hardy-Weinberg equilibrium).

HEX Genotypes

Site 1-1  1-2 2.2 2-3 2.4 3-3 3-4 Total
AP 1 5 36 Lo
(35)
BA 20 20
(20)
RP 1 Lo 2 2 47
(%0)
RS L 1 2 4o L7
(36)
GN 4 45 i 50
(45)
CB 1l 3 2 28 Ly
(&) (18) (20)
SF 13 5 26 2 L 50
(5) (18) (7
MG 3 1 39 43
(36)
WH 1 2 Ly L7
(43)
PL 1 2 55 58
(54)
sc 1 64 65

(64)
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Table C3. Malic Acid Dehydrogenase Isozyme Genotypes of
C. herbarum Populations.

Identifications: AP, Allenspark; BA, Bailey;

RP, Rampart; RS, Redstone; GN, Gunnison; CB,
Cabresto; SF, Santa Fe; MG, Mogollon; WH, White;
PL, Pinaleno; SC, Santa Catalina; (number of
genotypes expected by Hardy-Weinberg equilibrium).

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

AP 3 1 3 13 26 6 52
(15) (25) (&)
BA 2 3 9 5 3 22
(12) (6)
RP 9 19 24 2 54
(6) (=23) (22)
RS 3 1 5 33 36 5 83
(6) (31) (37) (3)
GN 1 L 2 10 32 1 29 5 84
(r0) (33) (28) (&)
CB 2 , L 14 24 1 45
(17) (21)
SF 8 18 1 18 L 6 55
(6) (8) - (15)
MG 2 7 i 6 6 2 2 69
(37) (15)
WH 3 12 19 5 1 Lo
(12) (19) (5)
PL 4 6 8 3 12 1 6 81
(%) (15) (16) (36) (5)
SC 2 1 63

5 23 21 1l
(5) (21) (25) (8)
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Table C4 . Fumarase Isozyme Genotypes of C. herbarum
Populations.

Identifications: AP, Allenspark; BA, Balley;

RP, Rampart; RS, Redstone; GN, Gunnison; CB,
Cabresto; SF, Santa Fe; MG, Mogollon; WH, White;
PL, Pinaleno; SC, Santa Catalina; (number of
genotypes expected by Hardy-Weinberg equilibrium).

FUM Genotypes
Site 1-1 1-2 1-3 2-2 2-3 2-3 3-3 3-4 3-5 4-4 45 Total
AP L 2 8 16 1 28 Ly - 63
(5)(21) (23)
BA 1 L 16 2 1 1 25
(16)
RP 4 8 12
(6)
RS L 1 2 29 b 1 1 L2
(25) (5)
GN 3 34 3 ko
(34)
CB 1 9 7 2 1 20
(7) (9)
SF 2 2
MG 1 8 29 3 L4
(8) (29)
WH 1 1 32 1 39
(31)

PL 2 3 30 6 1 3 2 4
(26) (10)

sc 3 16 3 23

(16)
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Table C5 . Acid Phosphatase Isozyme Genotypes of C.
herbarum Populations.

Identifications: AP, Allenspark; BA, Bailley;

RP, Rampark; RS, Redstone; GN, Gunnison; CB,
Cabresto; SF, Santa Fe; MG, Mogollon; WH, White;
PL, Pinaleno; SC, Santa Catalina; (number of
genotypes expected by Hardy-Weinberg equilibrium).

ACPH Genotypes
Site 1-1 1-2 1-3 2-2 2-3 2-4 3-3 3-4 3-5 4-4 4.5 5-5 Total

AP 6 9 25 15 1 60
(7) (8) (22) (16)
BA i 1 7 9 2 1 21
(7) (9).
RP 1 2 13 1 23 8 3 1 68
(12) (22) (10)
GN Ly 3 26 36 21 93
(23) (42) (19)
CB 1 7 16 8 3 35
(7) (16) (11)
SF 3 12 18 1 6 1 1. 42
(13)(17) (6)
MG 2 2 8 1 13 14 20 1 1 62
(6) (9)(22) (13)
WH 2 2 2 10 25 W
| (11)(23)
PL 1 2 44 3 1 1 1 93

19 21
(20) (37)  (34)-

sc 1 8 6 1 23 9 3 61
(5) (x%) (4 (7




Table C6.

Phosphoglucomutase Isozyme Genotypes of C. herbarum Populations.

Identifications: AP, Allenspark; BA, Balley; RP, Rampart; RS,
Redstone; GN, Gunnison; CB, Cabresto; SF, Santa Fej; MG, Mogollon;
WH, White; PL, Pinaleno; SC, Santa Catalina; (number of genotypes
expected by Hardy-Weinberg equilibrium).

PGM Genotypes

Site 1-1 1-2 1-3 1-4 2-2 2-3 2-4 2.5 3-3 3-4 3-5 44 L5 5-5 5-6 6-6 Total

AP 1 6 52 18 g 1 2 1 43
BA 1 (§) 1 ( Z) ( 1) (g) 1 1 1 23
RP 5 2 22 iu) (3) (2) u7
(5) (21) (13) (2)
RS 1 8 go 1%) 5 49
- » (g) . (gg) (Ei . 5
CB 1 1 9 (2) 4 ( 8) (19) (2) 1 2 46
55) (10) (6) (8) (3)
SF 1 7 17 6 2 1 54
MG 2 (2§) (22) 1 (g) 6 1 6 2 4o
1 o is) (ifé) (2) (I) (g) w7
PL 2 1 (12) (18) 1 £6) g 1 3 2 58
" (1) §4) (lg) . (j;_g) (8) N 65
(22) (27) (9)

Get
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Table D1. Alpha-glycerophosphate Dehydrogenase
Isozyme Genotypes of P. varipes and P.
nitens Populations.

Identifications: SC, Santa Catalina; KP
Kitt Peak; CH, Chiricahua; PN, Pinaleno;
SA, San Cristobal; WH, White; HU, Huachucaj;
MG, Mogollon; CUM, cumulative; (number of
genotypes expected by Hardy-Weinberg
equilibrium).

&(-GPDH Genotypes

Site 1-1 1-2 2-2 Total
P._varipes
SC
NS -
CUM 51 5 168 224
KP
1974 3 46 52
(8) (43)
CUM 8 3 57 70
CH
1974 22 1 49 72
(7) (31)  (3%)
1975 9 (i%%) 120
1
CUM §6) 2 182 220
PN
cuM 2 13 15
P. nitens
SA (gg) 2 39
KP 2 61 63
(60)
WH JA
HU 6 1 1 g
MG 5 5
CH 3 3




Table D2,
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Hexokinase Isozyme Genotypes of P. varipes
and P. nitens Populations. -

Identifications: SC, Santa Catalina; KP,
Kitt Peak; CH, Chiricahua; PN, Pinaleno;

SA, San Cristobals WH, White; CUM, cumulative;
(number of genotypes expected by Hardy-
Weinberg equilibrium).

HEX Genotypes

Site 1-1 1-2 1-3 2-2 2-3 2-4 3-3 Total

P. varipes

SC

1975 5 90 11 3 109

(5) (88) (15)

CuM 9 113 15 .3 140

KP

1974 28 2 30
(28)  (2)

CUM 2 ho 3 52

CH

974 1 2 35 6 1 45

(%) (35) (%)

1975 2 (114) (gg (g) 150
10

CUM L 8 1 172 39) 2 11 239

PN

cuM 1 1 2

P. nitens

SA (ﬁ) (38 1 35
3

KP 22) 22
(22)

WH 1 3 3 7
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Table D3. Fumarase Isozyme Genotypes of P. varipes and
P. nitens Populations.

Identifications: SC, Santa Catalina; KP, Kitt
Peak; CH, Chiricahua; PN, Pinaleno; SA, San
Cristobal; WH, White; HU, Huachucaj; MG,
Mogollon; CUM, cumulative; (number of genotypes
expected by Hardy-Weinberg equilibrium).

FUM Genotypes
Site 1-2 1-3 2-2 2-3 3-3 3-4 4.4 4.5 5-5 Total

P. varlpes
sc
1975 1 1 1 15 53 8 1 80
(15) (53) (8)
CcuM 1 2 17 71 11 2 105
KP R o
PG & dh & *
CUM 2 3 43 7 1 56
CH
1974 9 50 11 L 2 1 77
(7) (47) (16)
1975 1 1 12° 49" 18 3 3 87
(10) (48) (20)
cuM 1 1 22" 123° 29 8 5 1 190
PN
cuM 1 L 3 1 10
P. nitens
SA 2 g% 6 35
5
xp 5 (2) (38) (2) ul
(5) (36) (2)
WH 1 2 4 7
HU 3 3
MG 1 1 2
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Table D4 . Adenylate Kinase A Isozyme Genotypes of P.
varipes and P. nitens populations.

Identifications: SC, Santa Catalina; KP, Kitt
Peaks; CH, Chiricshua; PN, Pinaleno; SA, San
Cristobal; CUM, cumulative; (number of geno-
types expected by Hardy-Weinberg equilibrium).

AK-A Genotypes
Site 1-2 2-2 2-3 3-3 3-4 4.4 4-5 mTotal

P. varipes
sc
1975 14 89 4 1 108
(13)  (89)
CuUM 14 107 L 1 126
XP
1974 3 4 68 1 87
(11) (56) (1)
cuM 6 11 3. 69 1 98
CH
1974 5 61 5 1 72
)y (56)
1975 7 123 10 L 148
7)  (124) (17)
cuM 12 188" 10 9 1 220
PN
cuM 1 3 2 y 1 11
P. nitens
G RRED >
1 15 1 22




Table . D5.

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

Adenylate Kinase B Isozyme Genotypes of P. varipes and P. nitens

Populations,

Identifications:SC, Santa Catalina; KP, Kitt Peak; CH, Chiricahua;
PN, Pinaleno; SA, San Cristobal; CUM, cumulative; (number of geno-
types expected by Hardy-Weinberg equilibrium).

AK-B Genotypes

b-4 45 K46 5-5 5-6 6-6 Total

P. varilpes

SC

11

10
Ly
64
11

ek

TET



Table D6. Malic Acid Dehydrogenase Isozyme Genotypes of P. varipes and P.
nitens Populatlions.

Identifications: SC, Santa Catalina; KP, Kitt Peak; CH, Chiricahuaj;
PN, Pinaleno; SA, San Cristobal; WH, White; HU, Huachuca; CUM,
cumulative; (number of genotypes expected by Hardy-Weinberg
equilibrium).

MDH Genotypes
Site 1-2 1-3 2-2 2-3 2-4 3-3 3-4 3-5 4-4 U4-5 l4-6 5-5 5-6 Total

P.varipes
5C

1975 2 3 18\ ﬁg\ %2 78
18) 9

CUM 4 3 (1&' 2 (49’ 20) 6 102
XP

1974 1 (6) 2 i w2 (7 %2) L 53

3 (»Y (13 9 9

CUM 1 7 2 Y 23’ 4 12) 15 7 75
CH

1974 1 %%) (g) (5 38 1 17 2 70

9 5 17
1975 1 3 6 18 1 gl) ( g) (27) 106
27 5

CuM 1 L 6 (31) 7 (77) ﬁo) 1 21 2 190
PN

CUM 1 1 1 3 2 6 1 15
P. nitens e
SA 1 1 8 5 y 17 1 2 1 Lo

(7) (5) (7) (11)

WH 1 9 1 11
HU 3 2 3 1 9

AN



Table D7. Phosphoglucomutase Isozyme Genotypes of P. varlpes and P. nitens
Populations.

Identifications: SC, Santa Catalina; KP, Kitt Peak; CH, Chiricahua;
PN, Pinaleno; SA, San Cristobal; WH, Whites HU, Huachuca sCUM, cumula-
tive; (number of genotypes expected by Hardy—Weinberg equilibrium)

PGM Genotyﬁe

Site 1-2 1-3 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 5-6 6-6 Total
P. varipes

SC

197 1 1 1 1 4 1 70 20 &4 by 1 L 112

(64)(23) (3) (2)

cuoM 1 1 1 3 4 95" 21 5 1 L 142
KP

1974 1 1 8 1 1 L 53

(31) (8) (8)

CUM 1 1 2 51° 11 1 1 4y 1 1 75
CH

1974 3 4 4 31 290 4 1 8 1 85

(8) (&) (29)(29) (4) (7)

1975 1 ﬁ) 1 (igg)(gé) (g) (3) 2 1 143

cUM 6 (6 5 162" 517 8 1 11 2 2 254
P. nitens
sa T 3 1 6) 1 (3) g (2) 1 1 35
KP 1 2 2 ( ) 22

3 15 2 2
W 5 (l) (15) (2) (2) 6
HU 3 1 7 3 8 1 15 5 9 1 1 54
(3) (8) (7)(11) (5)

€ET
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Table D8 . Hexoklnase Isozyme Genotypes from Seasonal
Collections of P. varipes in the Chiricahua

Mountains.

HEX Genotypes
Collection 1-2 2-2 2-3 3-3 Total
May 2 45 T 54
5/21/75 (2) (45) (6)
Jul% 50 14 8 72
7/28/75 (45)  (2b) (3)
September 26 5 31
9/13/75 (26)  (5)

qNumber of genotypes expected by Hardy-Weinberg
equilibrium.

Table D9. Adenylate Kinase A Isozyme Genotypes from
Seasonal Collections of P. varipes in the
Chiricahua Mountains.

AK A Genotypes

Collection 1-2 2-2 2-3 3-3 Total
D5%’7/75 | (i)aL (ig) (§r) ) >
g%%ﬁs (g) (gg) (ﬁ) *?
il N R

@Number of genotypes expected by Hardy-Weinberg
equilibrium,.
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Table D10. Phosphoglucomutase Isozyme Genotypes from
Seasonal Collections of P. varipes in the
Chiricahua Mountains.

PGM Genotypes
Collection 2-2 2-3 2-4 3-3 3-4 3-5 4-4 4-5 5-5 Total

May 4 1 39,10 2 1 1 58
5/27/75 (35)7(11) (2)

Jul 1 1 56 6 1 3 1 69
7/2§/75 (53) (11)

September 1 1 19 5 1 27
9/53/75 (18) (&)

@ Number of genotypes expected by the Hardy-Weinberg
equilibrium,

Table D1l. Fumarase Isozyme Genotypes from Seasonal
Collections of P. varipes in the Chiricahua
Mountains.

FUM Genotypes ‘
Collection 1-2 2-2 2-3 3-3 3-4 L4-4 4.5 Total

M 3, 18 4 1 1 27
5/21/75 (2)%(17) (6)
Jul% 1 1 5 14 6 1 28
7/28/75 (6) (14) (5)

Sﬁptember 4 18 7 2 1 32
9/13/75 (3) (17) (9)

& Number of genotypes expected by the Hardy-Weinberg
equilibrium.
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Table D12. Alpha-glycerophosphate Dehydrogenase Isozyme
Genotypes from Seasonal Collections of P.
varlpes.

«-GPDH Genotypes

Collection 1-1 1-2 2-2 Total
Chiricahua

May 8 31 39
7/28/75 (2)* (13) (25)

Jul% h7 b
7/28/75 (47)

September 1 31 32
9/13/75 : (30)

Santa Catalina

May 24 L 60 88
5/16/75 (8) (37) (44)

July 9 1 73 83
7/29/75 (1) (17) (65)

2 Number of genotypes expected by the Hardy-Weilnberg
equlilibrium.



REFERENCES CITED

Aldrich, J. M. 1914. A new Leucopis with yellow antennae.
Jo ECOD.. En'tOMOl- 7: - .

Atchley, W. R. and E. H. Bryant. 1975. Multivariate Sta-
tistical Methods. Dowden, Hutchinson, and Ross Inc.
Stroudsburg, Pennsylvania.

Avise, J. C. 1974. Systematic value of electrophoretic
data. Sys. Zool. 23: 465-481.

Ayala, F. J. 1973. Two newW subspecies of the Drosophila
willistoni group (Diptera: Drosophilidae). Pan
Pacific Ent. 49: 273-279.

Ayala, F. J. 1976. Molecular Evolution. Sinauer Associ-
ates, Inc. Sunderland, Massachusetts.

Ayala, 7. J. and J. R. Powell. 1972. Allozymes as diagnos-
tie characters of sibling species of Drosophila.
Proc. Nat. Acad. Sci. 69: 1094-1096.

Ayala, . J., J. R. Powell, M. A. Tracey, C. A. Mourao, and
S. Perez-Salas. 1972. Enzyme varliability in the
Drosophlla willistonl group. IV. Genetlc variation
in natural populatlons of Drosophlila willistoni.
Genetics 70: 113-139.

Ayala, F. J., M. L. Tracey, L. G. Barr, and J. G. Ehrenfeld.
1974. Genetic and reproductive differentiation of
the subspeclies, Drosophila equinoxialis caribbensis.
Evolution 28: 20-471,

Ball, G. E. 1965. The genus Scaphinotus (Coleoptera:
Carabidae) and the Pleistocene Epoch in Southwestern
Hgitﬁg States. Proc. Twelfth Internat. Cong. Entomol.
0-461.

Ball, G. E. 1966. The taxonomy of the subgenus Scaphinotus
Dejean with particular reference to the subspecies
of Scaphinotus petersi Roeschke. Trans. Am. Entomol.
Soc, 92: 68(7-722..

137



138

Band, H. T. 1975. A survey of isozyme polymorphism in a
Drosophila melanogaster natural population. Genet-
ics o0: 'fol-T7T74.

Blackith, R. E. and R. A. Reyment. 1971. Multivariate
_Morphometrics. Academic Press. New York.

Brewer, G. J. 1970. An Introduction to Isozyme Techniques.
Academic Press. New York.

Bush, G. L. and E. Boller. 1977. The chromosome morphology
of the Rhagoletis cerasi species complex (Diptera
Tephritidae). Ann, Entomol. Soc. Am. 70: 316-318.

Candy, D. J. and B. A. Kilby. 1975. Insect Biochemistry and
Function. Chapman and Hall. TLondon.

Carson, H. L. and W. E. Johnson. 1975. Genetic variation
in Hawallan Drosophila I. Chromosome and allozyme
polymorphism in D. setosimentum and D. ochrobasis
from the island of Hawafii. Evolution 29: 11-23.

Dice, I.. R. 1943. The biotic provinces of North America.
Univ. Mich. Press. Ann Arbor,

Dickinson, W. J. and D. T. Sullivan. 1975. Gene-Enzyme
Systems in Drosophila. Springer-Verlag. New York.

DuPraw, E. J. 1965. The recognition and handling of honey-
bee specimens in non-Linnean taxonomy. J. Apicult.
Res. 4: 71-84,

Edwards, A. W. F. and L. L. Cavalli-Sforza. 1972, Affinity
as reveled by differences in gene frequencies. In
The Assesment of Population Affinities in Man. eds.
Jd. S. Weiner and J. Huizinga. Clarenden Press.
Oxford.

Hardy, G. H. 1908. Mendelian Eroportions in a mixed pop-
ulation. Science 28: 49-50.

Hodson, A. C. and E. F. Cook. 1960. Long-range aerial
transport of the harlequin bug and the greenbug
into Minnesota. J. Econ. Entomol. 53: 604-608.

Johnson, G. B. 1974. Enzyme polymorphism and metabolism.
Science 184; 28-37.



139

Johnson, G. B. 1976a. Polymorphism and predictability at
the K -glycerophosphate dehydrogenase locus in
Collas butterflies: Gradients in allele frequency
zgghzgésingle populations. Biochem. Genetics 14:

Johnson, G. B. 1976b. Enzyme polymorphism and adaptation
iﬁsal ine butterflies. Ann. Mo. Bot. Gard. 63:
2 -2 ln

Jolicoeur, P. 1959. Multivariate geographlical variation
in the wolf Canis lupis L. Evolution 13: 283-299.

King, M. C. and A. C. Wilson. 1975. Evolution at two
levels in humans and chimpanzees. Science 188:
107-116.

Levins, R. 1968. Evolution in Changing Environments.
Princton University Press. Princeton, New Jersey.

Lewontin, R. C. 1974. The Genetic Basis of Evolutionary
Change. Columbla Unlv. Press. New York.

Mahalanobis, P. C. 1936. On the generalized distance in
statistics. Proc. Natl. Sci. India 2: U49-55,

Malloch, J. R. 1921. Forest insects of Illinols. I. The
subfamily Ochthiphilinae (Diptera, Family Agromyz-
igae). Bull. I1l. St. Nat. Hist. Surv. 13: 345-
361.

Malloch, J. R. 1930. Notes on Australian Diptera. ZXXVI.
Proc. Linnean Soc. N. S. Wales 55: 488-492,

Malloch, J. R. 1940. The North American genera of the
dipterous subfamlly Chamesemyiinae. Ann. Mag. nat.

Markert, C. L. and F. Moller. 1959. Multiple forms of
enzymes: tlssue, ontogenic, and species specific
patterns. Proc. Nat. Acad. Sei. 45: 753-763.

Martin, P. S. 1963. The Last 10,000 Years. Univ. Ariz.
Press. Tucson, Arizona.

McAlpine, J. F. 1960. A new species of Leucopis from Chile
and a key to the world genera and subgenéra of
Chamaemyiidae (Diptera). Can. Ent. 92: 51-58.



140

McAlpine, J. F. 1963. Relationships of Cremifania and de-
scription of a new species. Can. Ent. 95: 239-253.

McAlpine, J. F. 1971. A revision of the subgenus Neoleucop-
%g &Diptera: Chamaemyiidae). Can. Ent. 103: 1851-

McCammon, R. B. and G. Wenninger, 1970. The Dendrograph.
Kansas State Geological Survey, Computer Contribu-
tions 48: 1-26.

Miller, S., R. Pearcy, and E. Berger. 1975. Polymorphism
at the ™K-glycerophosphate dehydrogenase locus in
Drosophila melanogaster. I. Properties of adult
allozymes. Biochem. Genetics 13: 175-186.

Nei, M. and A. K. Roychoudhury. 1974. Sampling variances
of heterozygosity and genetic distance. Genetics
76: 379-390.

Poulik, M. D. 1957. 8Starch gel electrophoresis in a discon-
tinuous system of buffers. Nature 180: 1477-1479.

Prakash, S. 1973. Patterns of gene variation in central
and marginal populations of D. robusta. Genetics
75: 347-369. '

Prakash, S., R. C. Lewontin, and J. L. Hubby. 1969. A mo-
lecular approach to the study of genlc heterozyos-
ity in natural populations. II. Patterns of genic
variation in central, marginal, and lsolated popu-
lations of Drosophila pseudoobscura. Genetics 61:

841-858.

Rockwood, E. S., C. G. Kanapi, M. R. Wheeler, and W. S.
Stone. 1971. Allozyme changes durlng the evolution
of Hawallan Drosophila. Univ. Texas Publ. 7103:
193-212.

Sampson, P. 1973. in BMD Biomedical Computer Programs. W.
J. Dixon (ed.). Univ, of California Press. Berk-
eley and Los Angeles.

Sands, W. A. 1972. The soldierless termlites of Africa
(Isoptera: Termitidae). Bull. British Museum (Nat.
Hist.) Entomology: Supplement 18. London.

Selander, R. K. and S. Y. Yang. 1969. Protein polymorphism
and genetlc heterozygosity in a wild population of
the house mouse (Mus musculus). Genetics 63:653-667.




141

Shaw, C. and R. Prasad. 1970. sStarch gel electrophoresis
of enzymes - a compllation of recipes. Biochem.
Genet. 4: 297-320.

Smithies, 0. 1955. Zone electrophoresis in starch gels.
Group variations In the serum proteins of normal
human adults. Biochem. J. 61: 629,

Sneéth, P. H. A. and R. R. Sokal. 1973. Numerical Taxonomy.
W. H. Freeman and Co. San Francisco.

Wagner, R. P. and R. K. Selander. 1974. Isozymes in insects
and thelr significance. Ann. Rev. Entomol, 19:117-

138.

Wallace, B. 1968. Topics in Population Genetics. Norton
and Co. New York.

Weinberg, W. 1908. Uber den Nachweis der Vererbung beim
Menschen. Jahresh. Verein. vaterl. Naturk. Wurt-
temberg 64: 368-382.

Wilson, E. 0. and W. H. Bossert. 1971. A Primer of Popula-
tion Blology. Sinauer Assoc., Inc. Sunderland,
Massachusetts.

Zouros, E. 1973. Genic differentiation assoclated with the
early stages of speciation in the mullerl subgroup
of Drosophila. Evolution 27: 601-622.



