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ABSTRACT

Species that require management intervention are usually in rapid
decline. Conservation biologists often have no time for field studies to
determine important factors such as dispersal patterns or natu ral boundaries
of populations and subspecies. Genetic studies can provide a snapshot of
these factors to assist in formulating a management plan that is tailored
closely to the needs of the species.

Coastal southern California populations of cactus wrens are declining
due to the effects of habitat loss and fragmentation; it is estimated that fewer
than 400 pairs remain. Previous work has suggested that these populations
represent the subspecies Campylorhynchus brunneicapillus sandiegensis,
which is diagnosable using 7 characters of plumage pattern and color. This
study uses phylogenetic methods to re-examine the data used to describe this
subspecies. In addition, using primarily non-invasively collected samples, 280
base pairs of the cytochrome b gene were sequenced for birds from 7 coastal
sites, 2 desert sites, and 2 sites in Baja California Norte.

Analysis of the morphological data shows that these seven characters
do not completely partition the samples geographically, as would be expected
if they were sufficient to diagnose a genetically distinct taxon. Analysis of the
cytochrome b sequences shows that these populations are genetically
distinct, but that there is little support for linking them into a genetically distinct
subspecies. They are distinguishable from populations in Baja California and

in the California desert.
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Geneticallyl distinct populations that are adapted to different habitats
may contain the genetic variability needed to allow a species to adapt to
changing environments, or provide the raw material for future speciation. As
such, their conservation value may be disproportionately large in relation to
their size.

This study further shows that it is possible to use non-invasive
sampling techniques for population level studies. When planning such a
study, the investigator should plan to collect several samples from each
specimen, determine a method of demonstrating that the specimen is from
the study species, and plan to collect from 1/3 to 1/2 more specimens than is

projected to be needed for the study.



INTHODUCTION

One of the most difficult problems faced by conservation biologists has
been the determination of the units of conservation management (Vogler and
DeSalle 1994). The Endangered Species Act of 1973 (ESA) protects species,
subspecies and populations threatened with extinction, but defining these
terms for management is often problematic (O'Brien and Mayr 1991).
Traditional taxonomic designations, which are frequently based on phenotypic
or distributional data, have been and continue to be used as the bases for
management and protection under the ESA (O'Brien and Mayr 1991).
Genetic studies, however, have called traditional taxonomy into question in a
number of cases including the red wolf (Canis rufus), which some contend is
a gray wolf-coyote hybrid (Wayne and Jenks 1991), and the Florida panther
(Felis concolor coryi), whose populations may include animals that evolved in
each of the American hemispheres and have recently been combined in
Florida (O'Brien et al. 1990).

The New Zealand tuatara, Sphenodon, illustrates how the failure to
assess the genetic differentiation between populations can adversely impact
management success (Daugherty et al. 1990). Prior to formal analysis of
allozymes and morphological variation in individuals from 24 of the 30 islands
where populations were thought to survive, the tuatara was presumed to be
monotypic and protection was afforded on that basis. By the time genetic
differences were documented and a second species recognized, 25% of the

historical populations had been extirpated (Daugherty et al. 1990). The



second species survives on only one island, and one subspecies is possibly
extinct. Even though the tuatara was afforded full protection in 1895, the
presumption of monotypy contributed to the lack of management intervention
on behalf of these populations.

The management strategy chosen for the now extinct dusky seaside
sparrow (Ammodramus maritimus nigrescens) Was based on morphological
taxonomy. In 1980, only six males of this Fiorida Atlantic coast subspecies
could be found and five of these were brought into captivity. These birds
were placed in a captive breeding program with females of Scott's seaside
sparrow (A. m. peninsulae), a Florida Gulf coast subspecies, in a final effort to
conserve the genes of the dusky subspecies (Avise and Nelson 1989). A
genetic investigation of the evolutionary relation-ships within the species
complex found that although the two subspecies were extremely similar
morphologically, there was a considerable genetic distance between them
(Avise and Nelson 1989). A better management plan would have bred the
dusky males with females from another Atlantic coast subspecies, with whom
they showed a closer phylogenetic affinity (Avise and Nelson 1989).

Species that require management intervention are usually in rapid
decline. Conservaticn biologists may not have time for field studies of
sufficient length to determine important factors such as levels and distribution
of genetic diversity, dispersal patterns or natural boundaries of populations
and subspecies. What is needed is a "snapshot"” of these factors to formulate
a management plan tailored closely enough to the ecology of the species to
have a reasonable probability of success (Hamrick et al. 1991). increasingly,

genetic studies are used 1o help provide this snapshot. For managers that



propose to combine animals from different geographic locations in a single
preserve or to maintain genetic variability by moving animals or gametes
between populations (Komdeur 1994; Fleischer et al. 1995), genetic studies
help to predict which groups will be genetically compatible and which are so
different that translocations may lead to outbreeding depression (Templeton
et al. 1986). Genetic studies of peripheral populations may find that they are
genetically distinct and therefore important to the long-term conservation of
species as.well as being potential sites of future speciation events (Lesica
and Allendorf 1995).

There has long been disagreement over the taxonomic affiliation of
cactus wren (Campylorhynchus brunneicapillus) populations isolated along
the southern California coast (Bancroft 1923; Rea and Weaver 1990). Rea
(1986) named the San Diego cactus wren, Campylorhynchus brunneicapillus
sandiegensis, as a subspecies with a distribution from San Juan Creek in
southern Orange County east to the Peninsular Ranges of San Diego County
and south to the Tijuana and Valle de las Palmas regions of northwestern
Baja California (Figure 1). Table 1 details the characters of plumage spotting
and color used to distinguish C. b. sandiegensis from the parapatric
subspecies C. b. anthonyi and the subspecies found in northerh Baja
California, C. b. bryanti. Although Rea and Weaver's study is an exhaustive
review and morphological analysis of 121 specimens held by 11 museums,
their designation of the subspecies was not accepted by the American
Ornithologists' Union's Committee on Classification and Nomenclature. The
Committee concluded that C. b. sandiegensis is an intermediate form

between C. b. couesi, whose range they describe as the southwestern United
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States and northern mainland Mexico, and C. b. bryanti, whose range they
describe as San Diego County, California to northern Baja California, Mesxico
(Department of the Interior 1994).

Based on the Committee's finding, the U. S. Fish and Wildlife Service
ruled that the "coastal population of cactus wren" should be transferred from
category 2 (candidate for listing as threatened under the Endangered Species
Act) to category 3B. Taxa in category 3B are those that do not meet the Act's
definition of distinct species (Department of the Interior 1994).

There is no question that the coastal populations of cactus wrens are
declining due to the combined effects of habitat loss and fragmentation (Rea
and Weaver 1990; Department of the Interior 1994). Rea and Weaver (1990)
estimate that fewer than 400 pairs of San Diego cactus wrens remain, with
only 10 locations having more than 5 pairs of birds (Table 2, Appendix).
Regardless 'of their status with the Fish and Wildlife Service, this species is an
excellent candidate for a study of management units in a species that has
suffered population decline and range fragmentation.

C. brunneicapillus is a monogamous, non-migratory species. A mated
pair normally defends one territory throughout their lives (Anderson and
Anderson 1973). Nests are pouch-shaped with an entrance at one end
(Figure 2). Males and females each maintain a roosting nest, and both
contribute to building the breeding nest (Anderson and Anderson 1973). San
Diego cactus wrens are found in coastal sage scrub communities and nest
almost exclusively in tall Opuntia cacti (Rea and Weaver 1990). Their normal
diet of insects is supplemented with the fruit of the Opuntia in the fall and

winter (Rea and Weaver 1990). During their 38-year study of cactus wrens,
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Anderson and Anderson (1973) observed that young rmales generally settle
near the territory of their parents, taking over their territory in the event of their
death, or disperse only as far as needed to avoid aggression from their father.
Young females, however, emigrate to the territories of unmated males,
making them the longer distance dispersers.

Using genetic data to determine the population structure and
taxonomic status of bird species has been complicated by the fact that studies
using protein electrophoresis have shown very little genetic variability in birds
(Kessler and Avise 1985; Haig and Oring 1988: Gavin et al. 1991). Recent
evolutionary age for many avian species (Ball and Avise 1992), high levels of
gene flow during migration and rapid colonization of many areas from
Pleistocene refugia have all been proposed as reasons for the lack of genetic
differences among populations in many species (Ball et al. 1988). Although it
has been proposed that birds have a lower rate of molecular evolution than
other vertebrates (Kessler and Avise 1985), Shields and Wilson (1987a) used
a comparison of mitochondrial DNA (mtDNA) sequence divergence and fossil
evidence in five species of geese to show that the mean rate of mtDNA
evolution in those species was approximately 2% per million years, the same
rate that has been estimated for mammals (Avise et al. 1987).

Because of the previously observed lack of genetic variability, a study
of the population genetics of a bird species should use a hypervariable portion
of the genome. Mitochondrial DNA, which is maternally inherited and
therefore not subject to recombination (Avise et al. 1987), has been shown to
evolve at least five to ten times faster than nuclear DNA in primates and

rodents (Brown et al. 1982; Miyata et al. 1982). Previous studies of bird



species using mtDNA restriction fragment length polymorphisms (RFLP's)
have had some success in determining population structure (Ball et al. 1988,
Ball and Avise 1992; Hare and Shields 1992; Gill et al. 1993; Shields and
Wilson 1987b).

This study was designed to address three questions:

1) Can the San Diego cactus wren (C. b. sandiegensis) be

distinguished genetically from the parapatric subspecies C. b. anthonyi

(couesi) and the allopatric subspecies C. b. bryanti, using mtDNA

sequencing?

2) Are the genetic distinctions concordant with the observed

morphological distinctions (Rea and Weaver 1990)7

3) When the clades derived from the analysis of the mtDNA sequence

data are plotted on a map, can we use the patterns that emerge to

identify habitat areas containing genetically unique populations and

to infer dispersal corridors between populations?

A secondary goal of this study was to show that a genetic study of a
species or subspecies may be done using primarily non-invasive sampling
techniques. In birds, genetic studies are traditionally done using tissue from
animals caught in mist nets, or from blood collected from captured and
released birds. Recently, it has been shown that plucked feathers contain
sufficient DNA to permit population studies using the polymerase chain
reaction (Mundy et al. 1996). Although population studies have been done
from shed primate hair (Garner and Ryder 1992; Morin and Woodruff 1992),
and bear excrement (Kohn et al. 1995), few have attempted a population

study of a bird species using primarily non-invasively collected samples.
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MATERIALS AND METHODS
Morphological Data

In describing the differf_ances among the three subspecies, Rea and
Weaver (1990) examined 121 specimens held by 11 museums and scored 7
morphological characters for each specimen (Table 1). Their values for each
scored character (Table 3, Appendix) were entered into the computer
program Phylogenetic Analysis Using Parsimony 3.1.1 (PAUP, Swofford
1993) for phylogenetic analysis. For character 7, scores were rounded to the
nearest whole number when entered (i. e. 6.5 was rounded to 7). Characters
that Rea and Weaver were unable to score were entered as missing. For
comparison with recognized subspecies, five specimens of C. b. affinis from
Baja California Sur and four specimens of C. b. couesi (two from Texas and
two from Arizona) were scored and added to the data set. Qutgroups were
chosen using the relationships among the Certhiidae according to Sibley and
Ahlquist (1990) and the relationships among species in the genus
Campylorhynchus according to Selander (1964). Single specimens of the
rufous-naped wren (C. rufinucha) and the California gnatcatcher (Polioptila
californica californica) were scored and added to the data set as outgroups.
These additional specimens were held by the San Diego Natural History
Museum (SDNHM). For consistency, these specimens were scored after
observation of the twenty C. b. sandiegensis specimens at the SDNHM that
were included in the Rea and Weaver (1990) study. These data were

analyzed using a heuristic search in PAUP with all characters weighted
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equally and randomization of the order of addition of taxa. To provide a
measure of support or stability for the clades that were resolved, bootstrap
analysis was performed in PAUP. This involved sampling the original data set
with replacement to construct 100 replicates of the same size as the original
data set (Swofford 1993). These replicates were used in a heuristic search
and a majority-rule consensus was produced for the bootstrap trees. The
percentage of bootstrap trees in which a grbup appeared (bootstrap value)

was interpreted as the confidence level for that group.
Sample Collection, DNA Extraction and Sequencing

A permit for collection of feathers at California sites was issued jointly
by the California Department of Fish and Game and the United States Fish
and Wildlife Service, along with a Memorandum of Understanding allowing
work with a "California Bird Species of Special Concern". The sample
collection sites for C. b. sandiegensis (Figure 1, sites 4-9) were chosen using
information from Rea and Weaver (1990) to cover locations reported to have
greater than ten birds (Table 2, Appendix). Sites 1 and 2 represent the desert
form of C. b. anthonyi (couesi). Site 3 is within the area represented in Rea
and Weaver (1990) as an area of parapatry for C. b. sandiegensis and C. b.
anthonyi (couesi). Site 10 represents a possible area of parapatry between
C. b. bryantiand C. b. anthonyi (coues), and site 11 represents C. b. bryanti.

At sites 1-4 and 6-9, shed feathers were collected from five nests using
a gloved hand or a pair or tongs. Site 5, Camp Pendleton, was the location of
a multi-year cactus wren study by John and Jane Griffiths, and four samples

(CP1-CP4) were collected by them during banding. The fifth sample from this
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site (CP5) was a shed feather collected from a nest. Samples from northem
Baja California (MX1-5) were tissue samples provided by Robert Zink of the
Bell Museum at the University of Minnesota.

Samples from two recognized subspecies were included for
comparison. Tissue and feathers of a cactus wren from Falcon, Texas (C. b.
couesi) and feathers of a cactus wren from Tucson, Arizona (C. b. couesl)
were the gift of the University of Arizona. T:issue of the cactus wren from Baja
California Sur (C. b. affinis) was provided under a loan agreement with the
Museum of Natural Science at Louisiana State University. Also provided
under this loan agreement were tissue samples for two of the three outgroups
used: the rufous-naped wren (C. rufinucha), and the band-backed wren (C.
zonatus). Feathers for the third outgroup, the California gnatcatcher
(Polioptila californica californica), were provided by the San Diego Natural
History Museum. Collection locations for the additional subspecies
specimens and all outgroups are shown in Figure 3.

Total genomic DNA was extracted from tissue samples. Tissue was
ground in liquid nitrogen and incubated overnight at 50°C in DNA suspension
buffer (0.2 M NaCl, 0.05 M Na2EDTA, pH 8.0), sodium dodecy! sulfate (SDS)
at 0.5% total volume and proteinase K at 200 ng/mi of the total volume. The
sample was extracted once with an equal volume of phenol, then extracted
once with an equal volume of 24:1 chloroform/isoamyl alcohol. DNA was
precipitated using 1/10 volume 3 M NaOAc and 2.5 volumes of cold absolute

ethanol.
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Total genomic DNA was extracted from {eather tips using the
InstaGene Purification Matrix (BioRad). Feathers were washed in autoclaved
deionized water and the tip cut off with a sterile razor blade. The tip was cut
once lengthwise to expose any cells inside and both portions were placed in a
1.5 ml microfuge tube with 0.25 ml InstaGene. Samples were vortexed ten
seconds, then incubated overnight at 56°C. They were vortexed again for ten
seconds, incubated at 100°C for 15 minuteé, then centrifuged at 10,000 rpm
for three minutes. Originally the supernatant was placed in another tube and
the InstaGene matrix was discarded, but this practice was discontinued. In
another study | found that | was unable to amplify a 307 base pair fragment of
cytochrome b of California Condor (Gymnogyps californianus) using only the
supernatant but was able to amplify after adding the supernatant back to the
matrix (Eggert et al. submitted). Samples were stored at -20°C when not in
use.

The polymerase chain reaction (PCR) was used with primers 1.14841
and H15149 (Kocher et al. 1989) to amplify a 307 base pair region of the
mitochondrial cytochrome b gene. Reactions were carried out in 2 70 ul
volume containing 40 pi of the InstaGene preparation or 3 ul of the organic
preparation, 20 mM Tris-HCI (pH 8.75), 10 mM KCI, 10 mM (NH4)2S04, 2
mM MgS04, 1% Triton X-100, 1 mg/ml bovine serum albumin (BSA), 28 uM
each primer, 7.5 uM each dNTP, and 3.5 units cloned Pfu DNA polymerase
(Stratagene). When necessary, 15 pl of the PCR products obtained from
feather extracts were separated in a 2% low melting agarose (SeaPlaque,
FMC) gel and the faint band was excised and melted in 400 pl water. Two

il were used to reamplify the fragment to obtain ample template DNA for
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sequencing. PCR products were gel purified in a 2% low melting agarose
(SeaPlaque, FMC) gel, from which the bands were excised and extracted
once with phenol and once with 24:1 chloroform/isoamyl alcohol. After
ethanol precipitation, PCR products were sequenced directly using the
Sequenase Version 2.0 sequencing kit (USB) and a modified version of the
protocol of Krowczynska and Henderson (1992). All samples were
sequenced at least twice using both PCR p.'rimers.

Sequence information was aligned by eye and entered into a NEXUS
file format to build "gene trees" (Avise 1989). The relationship between
outgroup taxa and three recognized subspecies of cactus wren (C. b. affinis of
Baja California Sur, C. b. bryanti of Baja California Norte, and C. b. couesi of
Texas and Arizona) was assessed using a branch and bound search in
PAUP. All characters were weighted equally, and support for each clade was
estimated using 100 bootstrap replicates in a branch and bound search.

To assess the relationships among all taxa, the file was used in
MacClade 3.0 (Maddison and Maddison 1992) to construct a constraint tree.
The outgroup species Polioptila califomica californica (CAGN) was
constrained at the base and all other specimens, including C. zonatus (CZ)
and C. rufinucha (CR), were shown as a polytomy. This tree was then used
as a constraint tree in PAUP, where a heuristic search was performed with all
characters weighted equally. A majority-rule consensus tree was computed
for 100 equally parsimonious trees. To assess the support for the clades that
were resolved, 100 bootstrap replicates were analyzed in PAUP, and the

bootstrap value was interpreted as the confidence level for a node.
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RESULTS

Analysis of Morphological Data

For this study, the data of Rea and Weaver (1990) were supplem ented
with specimens from two other recognized subspecies and two appropriate
outgroups. Two specimens each from Texas and Arizona represent
Campylorhynchus brunneicapillus couesi, five specimens from Baja
California Sur represent C. b. affinis, and one specimen each represents the
outgroups C. rufinucha and Polioptila californica californica.. A total of 130
cactus wren specimens and two outgroup specimens were included.

Phylogenetic analysis of the data set divided cactus wrens into four
major clades with twelve specimens unresolved. The majority rule consensus
tree (Figure 4) contained 177 steps and had a consistency index value of
0.226.

The first clade includes 42 birds with a geographic distribution as

follows:

Los Angeles Co. 21 Orange Co. 1
Riverside Co. 8 San Diego Co. 6
Ventura Co. 1 Baja Ca. Norte 1
Texas 2
Arizona 2

This group includes all representatives of the recognized subspecies C. b.

couesi, as well as all but one of the birds from the California desert.
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Figure 4. Majority-rule consensus tree of 100 equally parsimonious trees produced using the seven
morphological characters designated by Rea and Weaver (1990) to distinguish Campylorhynchus
brunneicapillus sandiegensis. Clades 1-4 are shown, values are percentages of 100 bootstrap
replications that supported each node.
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Thirty-four (81%) of the 42 birds in this clade came from locations north or
east of San Diego and Orange counties. Eight (19%) of the 42 came from
Orange County, San Diego County, or Baja California Norte.

The second clade includes 29 birds with the following geographic
distribution:

Los Angeles Co. 18 San Diego Co. 8
Baja Ca. Norte 3

This grouping includes only birds from coastal California. More than half
(62%) of the birds are from Los Angeles County, while 38% of the birds are
from San Diego County and Baja California Norte.

The third clade includes 40 specimens whose geographic distribution

is:
Los Angeles Co. 9 Orange Co. 1
Riverside Co. 1 San Diego Co. 18
Ventura Co. 1 Baja Ca. Norte 5
Baja Ca. Sur 5

This clade includes all specimens of the subspecies C. b. affinis of Baja
California Sur, as well as the majority of coastal San Diego and Orange
County specimens (19/36, 53%). Only one specimen is from the California
desert. Also included are five of the nine (56%) specimens from Baja
California Norte.

The fourth and smallest clade includes seven specimens from the
following counties:

Los Angeles Co. 3 Orange Co. 1
Ventura Co. 1 San Diego Co. 2

Although all of these are coastal California specimens, there is no discernible

pattern to their geographic distribution.
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The geographic patterns suggested by clades 1-3 are shown in Figure
5. This figure does not include the birds grouped in clade 4 or the twelve
birds that were grouped within the cactus wren clade, but were otherwise
unresolved. The twelve unresolved birds include nine birds from Los Angeles
County, one bird from Riverside County, and two from San Diego County.
The values of characters 1-7 for birds in clades 1-4 are shown in

Figure 6.
DNA Extraction and Sequencing

Several shed feathers were collected from each nest to ensure that five
samples would be included from each site. Two factors affected the ability to
include a sample in this study. First, not every shed feather yielded
amplifiable DNA. When a feather extraction failed to produce PCR
amplification products, another feather from the nest was extracted and tested
in a PCR. This was repeated until a sample produced amplification products.
Since cactus wrens line their nests with feathers from old nests or from other
species, the origin of feathers found in a nest is not known. To avoid mixing
the DNAs of more than one bird, multiple feathers were never extracted at the
same time. Successful extractions were accomplished for five nests from
every location except Sweetwater Reservoir, where only four samples could
be extracted.

The second factor that affected the ability to include a sample was the
similarity of the sequence determined to that of samples C. b. affinis (CBA)

and C. rufinucha (CR). Although every effort was made to collect and extract
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CALIFORNIA i

sandiegensis \

Figure 5. Geographic distribution of clade 1 (A), clade 2 (B), and _
clade 3 (C) of the majority-rule consensus tree based on seven morphological

characters designated by Rea and Weaver (1990) to distinguish
Campylorhynchus brunneicapillus sandiegensis.
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Figure 6. Proportions of individuals
in clades 1-4 that reflect each
possible character value.
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only cactus wren feathers, the possibility of including erroneous samples
exists when identification is made from a by-product without an animal being
present. Sequences were com pared to CBA for similarity and alignment.
Any sequence that was more different from CBA than the sequence of CR (a
closely related congener) was rejected and another feather was extracted and
sequenced. If the supply of feathers for a sample was exhausted without
obtaining a sample that met this test, the sémple was dropped from the
analysis. Fifteen samples were eliminated using this criterion (Anaheim Hills
= 3, Borrego Springs = 2, Camp Pendleton = 1, Lake Hodges = 1, Lake
Jennings = 3, Paim' Desert = 1, San Pasqual = 2, Sweetwater Reservoir = 2).
Samples that passed this test and were used in the analysis are shown in
Table 4 (Appendix).

The fragment amplified was 307 base pairs and 280 base pairs of
sequence were determined for all birds (Figure 7). There were 58 variable
sites within the data set, of these 33 bases differed at the outgroup level.
Within cactus wrens, there were 25 base pairs that were variable, four of

these were transitions found in single samples. Twenty (84%) of the 25 base

changes were transistions, and six were transversions. One base (#258, a

third position base) shows a transition in 29 samples and a transversion in
five samples. The pairwise distances between taxa are shown in Table 5
(Appendix) as both number of nucleotides that differ and the mean sequence
difference. No single cactus wren differed from C. b. affinis at more than ten

sites.
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Analysis of Cytochrome b Data

For the molecular analyses, three outgroups were used: the California
gnatcatcher (Polioptila californica californica) is a member of a closely related
family (Sibley and Ahlquist 1990), the band-backed wren (C. zonatus) is a
congeneric species, and the rufous-naped wren (C. rufinucha) is a closely
related congener (Selander 1964). The cytochrome b relationships among
the outgroup species and three recognized subspecies of cactus wren (C. b.
couesi as represented by TX and AZ, C. b. bryanti as represented by samples
MX1-3, and C. b. affinis as represented by CBA) are shown in Figure 8. The
single tree produced by a branch and bound search had 59 steps and a
consistency index of 0.932.

Parsimony analysis of the complete cytochrome b data set was
performed using PAUP (Swofford 1993). The majority-rule consensus tree
(Figure 9) contains 105 steps and has a consistency index of 0.657. The
groupings suggested by this tree are plotted geographically in Figure 10. The
Texas and Arizona specimens group together separately from other cactus
wrens, although the bootstrap support for this grouping is not strong. The
specimens from Baja California Norte and Baja California Sur group together
separately from the California birds. These birds divide further into two
groups, one from Baja California Sur and the Pacific side of Baja California
Norte (CBA, MX4, MX5), and one from the Sea of Cortez side of Baja
California Norte (MX1-MX3). This clade was well-supported by the bootstrap
at all levels. The birds from Anaheim Hills grouped with the birds from
Borrego Springs in a clade that showed weak support in the bootstrap

analysis. Three of the four Camp Pendleton specimens grouped together in a
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Figure 8. Genetic relationships between the outgroups used in this study

and three recognized subspecies of cactus wren, Campylorhynchus
brunneicapillus couesi (TX and AZ),C. b. bryanti (MX1-3), and C. b. affinis
(CBA), as inferred by sequencing of a 280 base pair segment of cytochrome b.
Outgroups shown are C. rufinucha (CR), C. zonatus (CZ) and Polioptila californica
californica (CAGN). The tree length is 59 steps (Cl = 0.932); percentages of
100 bootstrap replications that support each node are shown.
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rule consensus values (percent of 100 equally parsimonious trees) that
support the node. The value below the node is the bootstrap value

for 100 bootstrap replications.
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Figure 10. The geographic distribution of groupings of coastal California
cactus wrens inferred by the majority-rule consensus tree based on 280
base pairs of cytochrome b sequence. For location key, see Figure 1.
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clade with weak bootstrap support. A larger grouping includes all three San
Pasqual specimens, all four Lake Hodges specimens, and one of the two
Lake Jennings specimens. The bootstrap analysis shows little support for the
deep branches of this clade, but moderate to strong support for the population
level grouping. The four specimens from Palm Desert group together, as do
four of the five specimens from Starr Ranch. Each of these clades received
good support from the bootstrap analysis. Iéive specimens (CP1, LJ10, SR3,
SW2, and SW8) are unresolved.
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DISCUSSION

When the four clades that emerge from the analysis of the
morphological data set are plotted geographically (Figure 5), the patterns are
not indicative of complete geographic subdivision. Clade one includes all of
the Texas and Arizona specimens (n=4), all but one of the birds from the
California desert (n=8), and 22 of the 63 birds from Los Angeles and Ventura
counties (54 of these were resolved, and 9 were unresolved). Only eight
birds are included from the area of Orange county and south. If the proposed
subspecies distribution map (Figure 1) is correct, the eastern, Los Angeles
and Ventura county, and California desert birds should belong to the
subspecies C. b. anthonyi. The scoring system of Rea and Weaver (1990,
see Table 1) would predict that birds of this subspecies would be scored at
1,1,1,1,1,1,1-3 for characters 1-7, respectively. For characters 1-6, these
predicted values agreed well with the observed values for birds in Clade 1
(Figure 6). For character 7, the predicted values were 1-3, while the observed
values for Clade 1 birds were 4-5, which was within the range of values that
would be predicted for C. b. sandiegensis.

Clade 2 has a geographic distribution limited to the California coast,
ranging from Los Angeles county in the north to just below the United States/
Mexico border in the south. This distribution does not coincide with any one
of the proposed subspecies' distributions. The observed values for characters

1-4 and 6 were predominantly those predicted for C. b. anthonyi, but the
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predominant value for character 5 was the value predicted for C. b.
sandiegensis. Character 7 in this clade has a value of 2 (n=12) or 4 (n=12).
A value of 2 would be predicted for C. b. anthonyi, while a value of 4 would be
predicted for C. b. sandiegensis.

The third clade contains primarily birds from Orange county , San
Diegé county and Baja California, but also includes birds from Los Angeles,
Riverside and Ventura counties. Using the "subspecies distribution map
(Figure 1), the birds collected from southern Orange county south to just
below the US/Mexico border would be expected to be of the subspecies C. b.
sandiegensis, while those from Baja California would be expected to be of the
subspecies C. b. bryanti. The expected values for characters 1-7 for C. b.
sandiegensis would be 1,1,1.5, 1.5, 1.5, 1.5, 4-6, and the expected values for
C. b. bryantiwould be 2, 2, 2, 2, 2, 2, 7-9. The values that predominate in this
clade were 1,1,1-2, 1 & 2, 1.5, 1, 5-6 & 8-9. These values were not a perfect
match for either subspecies, but approximated the values expected for both.

Clade 4, however, with observed values of 1,1,1,1,1,1,3, were in
agreement with the character values expected for C. b. anthonyi. These 7
birds were collected from the California coast, from Ventura county in the
north to San Diego county in the south. There is no obvious pattern to their
geographic distribution.

Phylogenetic analysis of the seven morphological characters presents
a picture of incomplete geographic subdivision. There was a tendency for
birds collected in Los Angeles county and from the north and east to group
into Clade 1, while birds from southern Orange county and soufh largely

grouped into Clade 3. One possible explanation for this incomplete
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subdivision might be that 122 of the 130 specimens were collected by 1941,
which was before southern California had been heavily developed and
habitats had been severely fragmented. Contiguous habitat may have been
more conducive to cactus wren dispersal over the approximately 150 miles of
southern California coast. Today, the San Fernando and San Fernando
Valley populations exist only as a remnant population at Tujunga Wash; if the
Claremont population exists it has been se\}erely reduced: and the largest Los
Angeles County population may consist of 50-100 pairs in the Chino Hills area
and to the east (Kimball Garrett, Los Angeles County Natural History
Museum, pers. comm). The large populations represented in the Rea and
Weaver study no longer exist. If the specimens used by Rea and Weaver
(1990) represent earlier steps along the path of divergence, a modern-day set
of specimens may show more complete morphological differentiation.

It is also possible that seven morphological characters may not be
enough to do an adequate phylogenetic analysis of these subspecies. In his
monograph of wrens of the genus Campylorhynchus, Selander (1964)
considered nine characters of size and six characters of plumage pattern and
color. Many of these characters were highly variable, allowing him to resolve
relationships within the genus. Atwood (1988) considered 19 linear
measurements of body elements (e. g. bill length, bill depth, tarsus length), 12
characters of color measured using a spectrophotometer, and quantified
differences in calls and responses to call playbacks. Additional morphological
characters such as those used by Selander and Atwood may be required to
more clearly distinguish the variation among the subspecies of C.

brunneicapillus.
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Selander (1964) suggested that the ancestral cactus wren is most
closely represented by C. b. affinis of Baja California Sur. Analysis of
cytochrome b sequence (Figure 8) supports his hypothesis. With respect to
the outgroup species C. rufinucha (CR), C. zonatus (CZ) and Polioptila
californica californica (CAGN), C. brunneicapillus forms a monophyletic group
with C. b. affinis (CBA) in a position basal to C. b. bryanti and C. b. couesi.

Within the genus Campylorhynchus, éeq uence divergence varies from
0.004 (between CR and CZ) to 0.082 (between CZ and CBA). The very small
genetic divergence between CR and CZ was unexpected, but the distance
between CZ or CR and CBA is in agreement with the cytochrome b sequence
divergence previously observed within bird genera (Cicero and Johnson
1995) which ranges from 0.033 (Anthropoides) to 0.114 (Phylloscopus).
There is 0.143 cytochrome b sequence divergence between CAGN and CR,
while the divergence between CAGN and CBA is 0.100. While this may
indicate that the cytochrome b sequence of C. brunneicapillus is closer to the
ancestral genotype than either CR or CZ, it might also be attributable to
saturation at first and third positions in amino acid codons. The 40 nucleotide
differences between CAGN and CR are made up of 25 transitions and 15
transversions (63% transitions), while the 28 differences between CAGN and
CBA are made up of 15 transitions and 13 transversions (54% transversions),
indicating that saturation is a possibility. While this caused no problemns with
the heuristic searches, it caused problems with the bootstrap analysis of the
entire data set as the position of CAGN became unstable. Constraint of

CAGN to a basal position was necessary when analyzing the entire data set.
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While the mtDNA variation within coastal cactus wrens is large for a
bird species at approximately 0.021 (an average of 6.4 + 2.1 differences in
280 bases), much of this variation is not phylogenetically informative. What
emerges is a set of genetically distinct populations with little, if any, gene flow.
The populations found in Baja California are large and the close genetic
relationships of these populations either through gene flow or sufficient
population size to maintain ancestral genetii: lines is well supported. There is
some indication that the populations of Anaheim Hills and Borrego Springs,
which are widely separated geographically, are more closely related to each
other than to other populations of cactus wrens, lending support to the
hypothesis that they may belong to a different subspecies than the coastal
birds, C. b. anthonyi (couesi). The population at Palm Desert shares relatively
few substitutions with any other population. These birds would be predicted
to belong to the subspecies C. b. anthonyi, along with the birds of Anaheim
Hills and Borrego Springs. The population at Palm Desert, however, may
suffer as much from isolation as many of the coastal populations. Palm
Desert is a rapidly growing area, and the population sampled was bounded by
mountains to the west, suburbs to the north, and agriculture to the south and
east.

The only close genetic relationship among the coastal populations
suggested in this analysis was between Lake Hodges, San Pasqual, and
Lake Jennings. The genetic relationship between Lake Hodges and San
Pasqual makes sense given that they are the two closest collection sites in
this study and are connected by a valley used for agriculture. The inclusion of

one of the Lake Jennings birds in this clade is harder to explain. While it is
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possible that there has been recent dispersal between the two sites, there is
no obvious dispersal route connecting them. It may be that this represents
the retention of a mitochondrial lineage that existed prior to the recent
isolation of these populations.

Three of the birds from Camp Pendleton and four of the birds from
Starr Ranch form their own clades and do not appear to be closely related to
any other population. Each of these populaiions contains one bird whose
affiliation was unresolved in the analysis. Neither of the birds from
Sweetwater Reservoir were resolved, nor was one of the Lake Jennings birds.

The pattern that emerges from the cytochrome b data is one of
. population-level genetic differentiation, likely due to genetic drift in small
geographically isolated populations. These populations have been isolated
over a short period of evolutionary time (less than 100 years), but if we
assume a generation time of one to two years, a significant number of
generations have elapsed since former widespread populations were
fragmented. If populations were fragmented gradually, we might expect to
see a number of isolated populations (refugia) that contain much of the former
genetic diversity and are very similar genetically (Dinerstein and McCracken
1990). If these populations were isolated more rapidly, it might be expected
that there would be insufficient time for animals in the peripheral populations
to move into the refugia and what we would observe would be regionally
unique populations with a reduced amount of genetic variability (Dinerstein
and McCracken 1990). |

Although it is unclear how complete fragmentation of the habitat must

be to isolate a species with the dispersal capabilities of a bird, cactus wrens
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have been observed to be a sedentary species (Anderson and Anderson
1973). Fragmentation of habitat in southemn California has been rapid and
the sizes of the coastal populations are now very small. All of these may
have been factors that contributed to the isolation of today'’s genetically
distinct, geographically isolated coastal populations.

When interpreting the results of this study, it is important to note that
cytochrome b is not considered to be a hypérvariab!e locus, although itis a
mitochondrial gene, and would be expected to mutate five to ten times faster
than a nuclear gene. While this study revealed population level differences, a
hypervariable region of the mitochondrial genome might be able to provide
more phylogenetically informative information to better define the population
level genetic relationships. Now that primers have been developed for the
mitochondrial control region in cactus wrens (Zink pers. comm.), this study
should be repeated using the more variable region.

The results of the reanalysis of the morphological data and the genetic
study do not support the designation of the subspecies C. b. sandiegensis as
proposed by Rea and Weaver (1990). They also do not support the decision
of the U. S. Fish and Wildlife Service not to list these populations for
protection under the Endangered Species Act. Under section 3(15) of the Act
"the term 'species’ includes any distinct population segment of any species of
vertebrate fish and wildlife which interbreeds when mature” (Department of
the Interior 1994). The populations are geographically isolated, and this study
shows that the populations at Camp Pendleton and Starr Ranch contain
unique genotypes, while the genotypes found in populations at Lake Hodg:s,

Lake Jennings, and San Pasqual show that these birds are more closely
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related to each other than to cactus wrens in other populations. By both
geographic and genetic criteria, these are distinct populations.

A management plan for these populations should recognize the fact
that the birds are genetically distinct from the populations in Mexico, as well
as those in the California desert. The analysis indicates that the populations
at Lake Hodges, San Pasqual and Lake Jennings are more closely related to
each other than to other populations, and ﬁight be included in a multi-
population management plan. The support for grouping these populations,
however, is much weaker than the support for within population groupings,
and care should be taken to maintain the genetic variation present at each
location. Translocations between these sites might be considered if suitable
habitat that has no resident cactus wren population cannot be found.
Combining birds from genetically distinct populations such as those at Camp
Pendleton and Starr Ranch could result in outbreeding depression and should
not be considered.

If a management plan for a coastal population of cactus wrens includes
a translocation, ecological as well as genetic factors should be considered.
The proposed translocation site must contain sufficient tall Opuntia cacti (four
feet or taller, Rea and Weaver 1990) to allow the birds to select sites for
roosting and breeding nests. In one instance, tall (10') and wide (15) cacti
were moved from one location to another and are still alive after two years,
although changes in their structure resulted from the move. For reasons that
are as yet unknown, cactus wrens have not yet nested in these cacti (V.
Marquez, pers. comm.). Additional research into the moving of cactus will be

required before it can be considered a valid mitigation or management option
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for cactus wrens. Further, cactus wrens are primarily insectivorous, and
translocations to areas that are subject to agricultural pesticides would likely
be unsuccessful.

The results of this study support the conclusion of Anderson and
Anderson (1973) that cactus wrens are sedentary. However, no banding
studies have been done on a regional scale to determine actual dispersal
patterns and distances, other than the curreﬁt two-year U. S. Marine Corps
funded study of John and Jane Griffiths at Camp Pendileton. To understand
the dispersal patterns of coastal cactus wrens, a regional study of three to five
years should be done. Careful observation of dispersal times and patterns
will be important in planning for reserve size and possible corridors.

Each of the coastal populations included in this study survives on
protected land. The Anaheim Hills population survives in a City of Anaheim
nature reserve known as the Oak Canyon Nature Center. This reserve is
surrounded by homes and a golf course and contains habitat for other native
species. Starr Ranch is a large, well-managed National Audubon Society
reserve with habitat ranging from coastal sage scrub to oak woodland and
streams. This reserve harbors not only avian species, but an array of native
mammals. Aside from its military population, Camp Pendleton is the home of
many native species and is the site of a multi-year cactus wren study. The
San Diego Wild Animal Park has a large and relatively undisturbed area of
coastal sage scrub around its off-exhibit breeding and veterinary facilities.
Within this area, | observed at least 10 breeding pairs of cactus wrens. Lake
Hodges currently has protected areas where wrens nest near hiking and

bicycle trails. Lake Jennings is a County of San Diego park with fishing and
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camping accommodations. Sweetwater Reservoir is protected by the water
district.

These protected areas probably contain the last viable populations of
coastal cactus wrens. Their importance to the survival of these birds cannot
be underestimated: the loss of any of these areas of habitat would clearly
diminish the existing genetic variation of C. brunneicapillus. Isolated,
genetically distinct populations often house fhe genetic diversity that is crucial
in allowing a species to adapt to changing environments (Lesica and Allendorf
1995). Coastal cactus wrens are adapted to coastal sage scrub, habitat that
is very different than that found in the deserts of California, Arizona and parts
of Baja California. Populations that are highly isolated (as evidenced by
genetic differentiation) and are adapted to very different environments are
often disproportionately important to the future of a species and should be
given high conservation priority (Lesica and Allendorf 1995). Coastal cactus
wrens are tolerant of a low level of human intrusion into their habitat, as
evidenced by their willingness to nest near camping grounds at Lake
Jennings and bicycle trails at Lake Hodges, but will be unable to survive if the
cactus is destroyed during conversion of these areas to residential or
agricultural uses.

The secondary goal of this study was to investigate the possibility of
using non-invasive sampling techniques for population level studies. In this
study, all but 9 of the California and Baja California specimens were collected
non-invasively, using shed feathers found in nests. This form of sample
collection reduces stress for study organism, but presents speci.al problems

for the investigator.
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When collecting non-invasively, one cannot assume that & single
feather or hair from a specimen will provide amplifiable DNA. Often several
feathers or hairs must be extracted before one of them yields DNA that can
be amplified and sequenced. When collecting samples, it is important to
collect several feathers or hairs from each sample. [t is tempting to extract
several feathers or hairs together to increase the yield of DNA. Unless these
are collected directly from the animal, howellver. there is no way to be sure
that multiple feathers or hairs are from the same animal. Cactus wrens line
their nests with feathers: their own, those found in old cactus wren nests, and
those of other species. To avoid mixing the DNA from multiple animals and
possibly multiple species, each sample must be extracted individually.

The number of samples that were excluded due to the sequence
similarity test was greater than expected. This indicates that several things
should be considered when planning studies using non-invasively collected
specimens. First, an a-priori method of determining that the specimen is from
the target species must be established. This will be especially important for
studies that do not include sequencing for comparison to a closely related
specimen, such as those using microsatellites or randomly amplified
polymorphic DNA (RAPD). The inclusion of a non-homologous sequence
(microsatellite allele pattern, RAPD profile) could have a serious impact on
the results of a study.

In this study, the similarity test suggested that one-third of the samples
collected were misidentified. Although the most likely explanation for this
problem was the misidentification of feathers, an alternative explanation may

be the existence of nuclear analogs of mitochondrial genes (Hu and Thilly
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1905: vanderKuyl et al. 1995; Lopez et al. 1994: Zullo et al. 1991). Inthe
PCR, the copy number of mtDNA is much greater than that of nuclear DNA,
and amplification products should be dominated by those copied from mtDNA
template. However, some samples in this study required a second PCR
amplification to produce sufficient DNA for sequencing. If a nuclear copy of
the cytochrome b gene exists in this species, the first amplification would
have increased its copy number and, by chalnce, these copies could be
reamplified such that they dominated the amplification products of the second

PCR. The nuclear copy would be expected to be quite different from the

" mitochondrial copy. If the "pseudogene" no longer codes for a functional

protein, it would be free to mutate in such a way that termination codons or
frameshift mutations could be found in the sequence (Lopez et al. 1994).
Only one of the eliminated sequences contained a termination codon, and no
frameshift mutations were detected in the 280 base pairs of sequence.

To avoid having to reduce sample size due to this problem, my results
indicate that 1/3 to 1/2 more samples should be collected than is projected to
be needed for the study. When collecting non-invasively, animals are not
marked and often the researcher cannot identify which animal has been
included in the study. Collecting samples non-invasively for more than one
season increases the possibility that the same animal is being included at
more than one location (i.e. has moved to a new nest or territory between
years). If having multiple independent samples is important, a study using
non-invasive sampling (shed feathers, shed hairs, excrement) should be

designed to collect all samples within a single field season.



43

ACKNOWLEDGMENTS

| could not have completed this study without the help of many very
special people. Tom Huels of the Department of Ecology and Evolutionary
Biology at the University of Arizona provided tissue and feathers for the
cactus wren from Falcon, Texas and feathers for the Tucson, Arizona bird.
Diana Reynolds and Donna Dittmann of the Louisiana State University
Museum of Natural Science arranged for the genetic resources collection
grant for tissues from Campylorhynchus brunneicapillus affinis, C. rufinucha,
and C. zonatus. Bob Zink of the University of Minnesota Bell Museum
provided cactus wren samples from San Felipe and Camalu, Baja California.

Amadeo Rea made available to me the data on which he based his
History Museum helped me to locate samples of cactus wrens and the
appropriate outgroups, as well as providing a tew feathers from a California
gnatcatcher. | will always appreciate Phil's willingness to answer "one more
quick question" about locations from which specimens were collected, current
status of populations, holdings of the Museum, or whatever else | could think
of to bother him with.

The Anaheim Hills field site was a nature center owned by the City of
Anaheim. Manager Kathy Glasco arranged for permission to collect feathers
from their off-exhibit Tri-Canyon parcel, and naturalist "just Shelly" was a
pleasure to have along during my visit.

The National Audubon Society's Starr Ranch preserve was an

excellent collecting site, with habitat for many sensitive species. | appreciate



44

the help of Pete DeSimone, manager, in obtaining permission to collect and in
locating nesting sites. At the Gan Diego Wild Animal Park (San Pasqual), Dr.
J. E. Oosterhuis and Sandy Walton, his administrative assistant, helped me
obtain permission to collect and Mike Mace pointed out nesting sites. At
Sweetwater Reservoir, Robin Church helped me to locate nests. At Camp
Pendleton, John and Jane Griffiths collected feathers from juvenile cactus
wrens during banding. At Lake Jennings, Kéren Miller helped me to scout for
new nests and collect feathers. At Borrego Springs and Palm Desert, Jennie
McNeill scouted for nests and birds while | mapped the sites and collected
feathers.

During the laboratory portion of this study, Leona Chemnick, Ann
Oakenfull, and Yaping Zhang of CRES helped me design and optimize my
procedures to obtain the best results. CRES volunteers Sandy Vissman and
Jessica Bessler assisted me with the lab work. Discussion of the results with
Michael Purugganan and Nick Mundy at UCSD helped me to make sense of
the results. Consultation with Mike Simpson at SDSU helped me to
understand the implications of, and justification for, phylogenetic analysis.

Lee McClenaghan was a superb advisor, reading and returning drafts
of my proposal or thesis faster than | could write them. His suggestions and
editing greatly improved this work. Barbara Kus gave me excellent
suggestions for feather collection and her knowledge of the ecology of cactus
wrens helped in my experimental design and securing permits.

By giving me the opportunity to help him with the 1993 Przewalski
Horse Masterplan meeting, Oliver Ryder gave me my first opportunity to deal

with the issues of management of endangered species. He allowed me to do



45

this study in his lab and actively contributed to its planning and execution. He
and the research staff at CRES made me a part of their family, and | will
always be grateful.

Finally, | could not have done this without my husband Jay. He helped
with feather collection, photography, stubborn computers, and fed the dogs

and cats while | babysat sequencing gels into the wee hours.




46

LITERATURE CITED

Anderson, A. H. and A. Anderson. 1973. The cactus wren. Univ. of Arizona
Press, Tucson, Az.

Avise, J. C. 1989. Gene trees and organismal histories: a phylogenetic
approach to population biology. Evolution 43:1192-1208.

Avise, J. C., J. Arnold, R. M. Ball, E. Bermingham, T. Lamb, J. E. Neigel, C.
A. Reeb, and N. C. Saunders. 1987. Intraspecific phylogeography: the
mitochondrial DNA bridge between population genetics and systematics.
Annual Review of Ecology and Systematics 18:489-522.

Avise, J. C. and W. S. Nelson. 1989. Molecular genetic relationships of the
extinct dusky seaside sparrow. Science 243:646-648.

Ball, R. M., Jr. and J. C. Avise. 1992. Mitochondrial DNA phylogeographic
differentiation among avian populations and the evolutionary significance of
subspecies. Auk 109:626-636.

Ball, R. M. Jr., S. Freeman, F. C. James, E. Bermingham, and J. C. Avise.
1988. Phylogeographic population structure of red-winged blackbirds
assessed by mitochondrial DNA. Proceedings of the National Academy of
Sciences 85:1558-1562.

Bancroft, G. 1923. Some geographical notes on the cactus wren. Condor
25:165-168.

Brown, W. M., E. M. Prager, A. Wang, and A. C. Wilson. 1982. Mitochondrial
DNA sequences of primates: tempo and mode of evolution. Journal of
Molecular Evolution 18:225-239.

Cicero, C. and N. K. Johnson. 1995. Speciation in sapsuckers
(Sphyrapicus): lll. Mitochondrial-DNA sequence divergence at the
cytochrome-b locus. Auk 112(3):547-563.

Daugherty, C. H., A. Cree, J. M. Hay, and M. B. Thompson. 1990. Neglected
taxonomy and continuing extinctions of tuatara (Sphenodon). Nature
347:177-178. '



47

Department of the Interior, U. S. Fish and Wildlife Service. 1994. One year
finding for a petition to list the Pacific coast population of the cactus wren
under the Endangered Species Act. 50 CFR Part 17 (FR Doc 94-21785, Filed
9-1-94).

Dinerstein, E. and G. F. McCracken. 1990. Endangered greater one-horned
Rhinoceros carry high levels of genetic variation. Conservation Biology
4(4):417-422.

Eggert. L. S., L. G. Chemnick, E. A. Oakenfull, D. E. Irwin, O. A. Ryder.
Genetic studies for conservation: non-invasive sampling and simplified DNA
preparation. Molecular Ecology (submitted).

Fleischer, R. C., G. Fuller, and D. B. Ledig. 1995. Genetic structure of
endangered Clapper Rail (Rallus longirostris) populations in southemn
California. Conservation Biology 9(5): 1234-1243.

Garner, K. J. and O. A. Ryder. 1992. Some applications of PCR to studies in
wildlife genetics. Symposium of the Zoological Society of London 64:167-
181.

Gavin, T. A., R. A. Howard, and B. May. 1991. Allozyme variation among
breeding populations of red-winged blackbirds: the California conundrum.
Auk 108:602-611.

Gill, F. B., A. M. Mostrom, and A. L. Mack. 1993. Speciation in North
American chickadees: |. Patterns of mtDNA genetic divergence. Evolution
47:195-212.

Haig, S. M. and L. W. Oring. 1988. Genetic differentiation of piping plovers
across North America. Auk 105:260-267.

Hamrick, J. L., M. J. W. Godt, D. A. Murawski, and M. D. Loveless. 1991.
Correlations between species traits and allozyme diversity: implications for
conservation biology. Pages 75-86 in D. A. Falk and K. E. Holsinger, editors.
Genetics and Conservation of Rare Plants. Oxford University Press, New
York.

Hare, M. P. and G. F. Shields. 1992. Mitochondrial-DNA variation in the
polytypic Alaskan song sparrow. Auk 109:126-132.

Hu, G. and W. G. Thilly. 1995. Multi-copy nuclear pseudogenes of
mitochondrial DNA reveal recent acute genetic changes in the human
genome. Current Genetics 28: 410-414.



— ————

48

Kessler, L. G. and J. C. Avise. 1985. A comparative description of
mitochondrial DNA differentiation in selected avian and other vertebrate
genera. Molecular Biology and Evolution 2:109-125.

Kocher, R. D., W. K. Thomas, A. Meyer, S. V. Edwards, S. Padbo, F. X.
Villablanca, and A. C. Wilson. 1989. Dynamics of mitochondrial DNA
evolution in animals: amplification and sequencing with conserved primers.
Proceedings of the National Academy of Sciences USA 86:6196-6200.

Krowczynska, A. M., and M. B. Henderson. 1992. Efficient purification of
PCR products using ultrafiltration. BioTechniques 13 (2):286-289.

Kohn, M., F. Knauer, A. Stoffella, W. Schréder, and S. Paabo. 1995.
Conservation genetics of the European brown bear - a study using
excremental PCR of nuclear and mitochondrial sequences. Molecular
Ecology 4:95-103.

Komdeur, J. 1994. Conserving the Seychelles warbler Acrocephalus
sechellensis by translocation from Cousin island to the islands of Aride and
Cousine. Biological Conservation 67:143-152.

Lesica, P. and F. W. Allendorf. 1995. When are peripheral populations
valuable for conservation? Conservation Biology 9(4):753-760.

Lopez, J. V., N. Yuhki, R. Masuda, W. Modi, S. J. O'Brien. 1994. Numt, a
recent transfer and tandem amplification of mitochondrial DNA to the nuclear
genome of the domestic cat. Journal of Molecular Evolution 39:174-190.

Maddison, W.P. and D. R. Maddison. 1992. MacClade: Analysis of
phylogeny and character evolution. Sinauer Associates, Inc., Sunderland,
MA., USA.

Miyata, T., H. Hayashida, R. Kikuno, M. Hasegawa, M. Kobayashi, and K.
Koike. 1982. Molecular clock of silent substitution: at least six-fold
preponderance of silent changes in mitochondrial genes over those in nuclear
genes. Journal of Molecular Evolution 19:28-35.

Morin, P. A. and D. S. Woodruff. 1992. Paternity exclusion using multiple
hypervariable microsatellite loci amplified from nuclear DNA of hair cells. In,
Martin, R. D., Dixson, A. F., Wickings, E. J. (eds): Paternity in primates:
genetic tests and theories. Basel, Karger, Switzerland.

Mundy, N. 1., C. S. Winchell, and D. S. Woodruff. 1996. Tandem repeats and
heteroplasmy in the mitochondrial DNA control region of the loggerhead
shrike (Lanius ludovicianus). Journal of Heredity (in press).



T

49

O'Brien, S. J. and E. Mayr. 1991. Bureaucratic mischief: recognizing
endangered species and subspecies. Science 251:1187-1188.

O'Brien, S. J., M. E. Roslke, N. Yuhki, K. W. Richards, W. E. Johnson, W. L.
Franklin, A. E. Anderson, O. L. Bass, Jr., R. C. Belden, and J. S. Martenson.
1990. Genetic introgression within the Florida panther Felis concolor coryi.
National Geographic Research 6(4): 485-494.

Rea, A. M. 1986. Geographic variation [of Campylorhynchus
brunneicapillum (Lefresnaye)]: (1) NW, peninsular, and insular races. Pg.
118-120. In, Phillips. A. R. (Ed.) The known birds of North and Middle
America. Part 1. Denver Museum of Natural History, Denver, Co.

Rea, A. M. and K. L. Weaver. 1990. The taxonomy, distribution, and status of
coastal California cactus wrens. Western Birds 21 :81-126.

Selander, R. K. 1964. Speciation in wrens of the genus Campylorhynchus.
University of California Press, Berkeley and Los Angeles, CA.

Shields, G. F. and A. C. Wilson. 1987a. Calibration of mitochondrial DNA
evolution in geese. Journal of Molecular Evolution 24:212-217.

Shields, G. F. and A. C. Wilson. 1987b. Subspecies of the Canada goose
(Branta canadensis) have distinct mitochondrial DNA's. Evolution 41:662-
666.

Sibley, C. G. and J. E. Ahlquist. 1990. Phylogeny and classification of birds.
Yale Univ. Press. New Haven, Ct.

Swofford, D. L. 1993. PAUP: Phylogenetic analysis using parsimony, version
3.1.1. Computer program distributed by the lllinois Natural History Survey,
Champaign, lll.

Templeton, A. R., H. Hemmer, G. Mace, U. S. Seal, W. M. Shields, and D. S.
Woodruff. 1986. Local adaptation, coadaptation, and population boundaries.
Zoo Biology 5:115-125.

van der Kuyl, A. C., C. L. Kuiken, J. T. Dekker, W. R. K. Perizonius, J.
Goudsmit. 1995. Nuclear counterparts of the cytoplasmic mitochondrial 125
rRNA gene: a problem of ancient DNA and molecular phylogenies. Journal
of Molecular Evolution 40:652-657.

Vogler, A. P. and R. DeSalle. 1994. Diagnosing units of consc. vation
management. Conservation Biology 8(2):354-363.



50

Wayne, R. K. and S. M Jenks. 1991. Mitochondrial DNA analysis implying
extensive hybridization of the endangered red wolf Canis rufus. Nature

351:565-568.

Zullo, S., L. C. Sieu, J. L. Slightorn, H. 1. Hadler, and J. M. Eisenstadt. 1991.
Mitochondrial D-loop sequences are integrated in the rat nuclear genome.
Journal of Molecular Biology 221:1223-1235.




APPENDIX

TABLES

51



52

“sAaeans Miopne jou ‘srnsuad put Buipaniq woi) Bujnsa vien,
.-:B_nuon ayjiaads o1 Buipiodae pajs| jou 819 B1ep Inq Liseq aBuuiip YPD Uenp ues A1j|
{6 vopeel gy sied g jO wumpn 2 3|@pu) se)iy pig Binpoaig Aunol aburi jo snsay,,
R TRL T EY
|enuap|sal 0} BNp UpIUISAP JRqEY 'Y 16 B ©) anp uojansap jR)|ne| "D tai)) o) anp uoj)
-anasap joijgay tg .E.En__jv:-_.. pasodoid n__ .m,:_.uju jeminapBe o) anp uapannsap jRGW 'Y,
‘PIoans snuaIt A1 N TRIHO]IRAR PIOIAI OU 'B)IF UMOUY ‘G
PUNO| S163U PO JO SluRLWD "N pUnc) Bisau N,

sewje se| 2p 2jjep /g
uofue) Bujdg 'gg
wsay A210 ‘58

J2aa1y euen(] )

fajjep 013014 b3
fe|Q oyduwy| ‘gg
A1 oydury ‘2§
Aej0y opuey) "1g
uefue) Aauuan] 'og

—
NN

I
voRe—~

Jaay] el

‘I 12nBijy 2210104 J0 S 6L
"W [2nBij JaUjoi Jo S *gL
1 [2nBip JayioW jo g 2L
"IW [2nEjpy Jatjlop gL

I 12061y 24101 “GL
PSAULNG ‘bt

Jljontasay 1ajemiaams ‘g
obajq ueg 'z4

apjsfuung "/

RISIA BN D 0L

RISIA BIOYD "69

laapy 131emjaamg

apisayeT] gy
apsae] L9
2pIsoye “99
uolel {3 'co
fajiep Bupds “pg
22|ues g9
oBaq ueg 79

Joapy| ofia)q ueg

| oo | v

=] |0y = —
9-‘

VI -

—IN——-OE:
—~m | —-oQe

Sa|0l
[GEEHIPETR

oy uojjes0

ooco

ceNe—~mooonBo~vo~

| —co~aX

coco

sajR

[eproIa]

ocoooc

—_ [a -
NDDN—-NQ'QDDN“-,DN\DDN

c%]uomo

o

oo

Juno)

femod 19

femod 09

'say] aje)g sauy faso] 65
Waa1) sojnbseua so7

Ao [enbsed ueg "gg
fiajjep janbsed vies /g
fajjep jenbse  ueg ‘ag
Aa)ep |enbse | ueg "gg
Azjjey |enbsed e ‘pg
fajjep |enbse ] ueg gg
Aajjep jenbsey ueg "zg
fajjop jenbseyq ueg "1 g
fzjjep |enbsey ueg pg
fiajjep |enbse ) ueg “Gh
o ‘8

Ly
3°9p
G
O—.___.—u—__uumw VV
O_J::_GUmu .ﬂv

O 2y
OpITUIDE] oY 1y
Uﬂ:m:_uﬂ aippuey| OF.
opieulag olauey] ‘GE
‘BE
LE
a,| ajueg otpuey| "oy
3. ejueg O] O

1anly ounfag ueg
uocfieq ofyg vesg pg

u_..__..:“‘v (4]
uouhies) so)y

NDIT) SO 110G
upobie) epuoipa) | enby ‘z2¢
Waa1D) epunipaj | enfiy
Rajep muned "1

Pie| O

"l 62

uajeson

| |—ew

—zunm—=— |

a

1
£l
B
Sl
4%
v

LEIL

[epiol 1A

unen

2¢1 '8e
liesuog L2
uonelg suodeapy [Pty 'OZ

uoljuig suodeapy [enep|

Juoja|puad duie) ‘gz
uojajpuad dwied ‘pg
uojajpuay dwe) gz
uojaipua ] due)) ‘2z
un|puad dwed 12

12013 Aay] siry ueg

uoljelg suoduapy [2ARN 02
uojjelg suodeapy (2neN 61
uoja|puay dwed "gi
uoja|puag dwel £
—LC»Q:H_N& n___.__QU ‘g1
uoppuag dined g1
nuja|piae] thued g1
uoja|pua] thued ‘g1

1naty] ejpebiepy eiteg
jdanen “Z1
VaoI7) OsifY
woppuae) dwiey "1

oD

Weala patuouury

uolpud,j duted ‘ot
LA LOPES| PRy G

Syjpal’) aouy ueg/0aTy Heg

pRWo|) Nes g
upeyesy oipaysaq epunbag
Arey g o
JAauey) seig g

wieg siadse] ‘g

iR sindseDd ‘p

ofajp, Uo|ssjy cipuey g

afajn vojssip ojauey g

ufap, uoss| Cysuey] |
pH2310) uenp ueg

uoyje0]

(0661 JSABSM puE BOY WI0J)) SURIM SNIOBD obajg ues jJo Suoped0| pue SIBqUINN  'Z 3jgel




N,

53

‘Imil 1861

‘I3 2]e53 JO M VU JR1URD) OpIRUIAE PUR G| 2)%IFI2JU] O IN 'OpIRUIag OLPURY | b
“(Nd 7 4) 0661 Unp OE pue 9 ‘Ao BT 'INd) BBET UNT 91 HMX p861

dag 1 "§1 si=siau] o p 'sabpojy aye] jo wiue 3§ jo 3 abp)) ‘opieusag oysuey Op
(N3) 50861 Apteg. 'S aiwisiaiy)

19 M Ppue Py CpiRuiag OYduRY O N 'R24R POOMIS3py| ‘OpiRuUIag OYdue)| ‘(E
‘ImH) 6861 220 £2 ‘(M) bB61 Snv 52 Uq

Oplauiag 1S3/ PUR 30N [P DUWRD) JO UD[IID5IBJ| |O M "OpITILAY O3UR)| BR
" g ‘W3l 50861

Apea, 'g s1eisiaju] |0 p ‘saBpoy ane o wie 35 [0 p SINY ‘opieusag olpuRy CLE
¥ G861 J2W

& 'B1JON |Op OUjWeRD) puR 'Am)| 50| |2 | UDII225131U| [0 pAN ‘3] RlUTS O1uey] 9¢
(M) GBOL ST 6 ImIN ERGI By

‘Y onnfini] eg pue a1 PIRSAT jo BNDN|UAD jO dPIS 1S '0,| Llues oipuey| SE

samy) oynbaig veg

(M) p86 1T 1Y 1 (3D B WAl 1861 Ues 9 any
J2)53UIURYY PUR G BIR|512|U] JO LOHIBSIDNN |0 TN ‘woobe ol ueg ‘sejuPul e

2317 OpIpUNIs]
Imyl) 8BGL

"2901 £ sl BRGT AR 0Z a sotnbiies) apis a ‘wonfieq sonnbijeg peasyies ¢f

HONIT) SCAUTR LG

(s BRG1 9201 £ AW LBGT JOW £ 0 Aoy

Yim uopaaciy o g g My apgs ool | epuagpag | enliy tpegspon g

W2213 epuoipa) | by

"IMH) 0661 Q84 € Ml SB61 (v 91 g suiepy jsowiaddn 'Aajep swined "1 g
: ‘ImM) 8861 nON £1

HMAME GBG1 1M BT "PU 912d HIM L3S O A 1Y "L AL JO 3pis N 'ejegl 08
: (M 0661 BV Sz tImyl

SBG! 1P 91 "G 21RISIAIU] Yim U(1335 131U JO J "W b 'QL ‘AmL| 0 3PIS N "LRd 62
Imx 0661 Unp 12 Hmy) 6861 220

L2 'O "fen)d Yiim uogizasiaju) jo g ‘W | pY uofued) 125noD) Jo apis 3 e 82
‘Im¥) 0661 Bny G2 Myl 6861 Bny

g1 Aoy jap oujwe Yiim UO[I8sIa1U| JO J *jur £ "PY 2°)17 152/ 2PIS N 'ljesuog L7
(SC) 0661 Bupdg “ied 4y Alunwuio] yooig)ey jo

g '|w g'Q "xoudde 'aseq jo Japioq 3 '(xauuy ¥oouqjed) uojels suodeap [eaeN (OZ
(Sa) 0661 Bulids }(57) 6861 Buids ‘pY Hooig)ed jo 4 pue 3 sadojs o]
‘JW G0 N uone1S suodeapy [ene) L im 12piog jo g Aj2)e|pawiul uoja|puayg dute)

uo yoa1) wfijjd ‘(xaully yoolqje.|) uojels suodedp |eacp/uoiapiingd die) "6z
187 6861 Bupdg

‘aBues Bups) jo g pue 'palg 11iBapuep jo N Haa1D) wE|Y Hojopuag dwe?) b2
(ST 6861 Bupds Hmyl g6 T Bny p omo)

ojpes asan o) | 'asinod Jjofi [0 p unfund rupuim [0 2pis g ‘uoRjpuad duie) £z
(571) 6861 Bupds “asnoy quya asinus

j19B Jo 7 "Gz I o 2dojs 35 ‘uohuey) |wping jo apis 3 ‘uoiajpuag dwe) ‘zg

(¥ BRO1 AP R jeoyag ejpefiiepy) riues 0 N Ui 3 uniR|pua] duied) T2

iany| Aoy stn weg
‘150l 6RG1 Fuidg “aseq jo pua
TN SUR) soiem uaamian 2wl abpp t(xanuy Yoo n.) uopeig suodeap [eARN (12

1S0) 6861 fiuudg “asen jo afipa ms pue m
‘LB VR TZ6G "G S O sados py (xuuny yooune.g) nues suudeap [eaep

. (zy) z861 ‘u»zu
107 2¢) pue "y R)pebivpy elueS jo @3uan|jucd [ § spied OOE 'UoiR|puad dwe) g
P ‘s'1) 6861 fupdg Jamo) ojpes aseq jo
35 ‘uofue)) solNqand o peal| jo 2pis IN 'Z6Y I 0 ado|s py "uoj2jpuag m_._m_eu_ ol
‘157
v i ¥ ng dwed ‘g1
6861 Bunsdg “pajg 11Bapuen jo 3 uofue]) sopangd joapis N :c_u__ncu.n_ o T
(57 6861 Buids il yBGL By p pue |ar g1 ‘pu 3uojised
pue °pyl BSap MRS udamiaq 'y ejiebiepy Rlueg jo apis N ‘UojBjpuad dwed ‘g
17 6861 Bupds Hmy) ﬂ.moﬁ )
n il es2py 1Ienig jo Y ejuebiogy ejueg jo apis | ‘uoi|piad el “p
reis) ‘157 6861 huids
g MeEIIN jo M Y cjpeBiopy cjueg |o (Inow jo Apis N TLUOR|PUag dwie] ‘g1

1amy ejuchizepy eueg

1571 6861 Bupdg “py €sajy 11eng |0 apis
7'y seBN ST jo Aapis G EET PUC SOL SN mojnq adojs pg "uola|plad dwe) "Z1
Haa1D) osily

‘(57) 68¢ | Buudg ‘uoAue] oulojy pue | Armyfijl4 pio jo
weRsIA 0 paN W G txodde tj | ool | [0 adojs pg Tunid|puny dwed '11

WAald paweuun

(57 6861 Bunds ((mH) £861 °G d1eia1| Jo 3 U &'
wtutlde *pyy avopseq) |0 opis N 1o afipi ja sadogs § pue pN "Uoia|plag tue 01

$1[9217 DIJOIQ VNG/ONRK UICG
ejusopjen) ‘Alune obaig ueg

' ‘(8al 0661 ver-6861 1°0
‘wi g xoidde § pg AMEY W0l ease vokue) sonuelisi) toldis uoissi oYauRY ‘6

#oNID) O|ep URg

Il 0661 sdy &1
‘01| PPIAAY MR UG PEAR|QN O UOLDASIANU| JaLOD N "dluain|) ueg g

epeyen) eipaysaq epunbag
() 2861 Aol 02-22Y §T “ied [euoibay siadse] of
23U0NU3 |0 h W |G "HeRd Jajsanid [0 2pIs § ‘Auenjoues uoqnpny Lauey ueig L
NI :w_ fep pz-1dy 91 "931)j0 _m_wm %
syeq oanqes) jo IS ‘| §°G ‘uochued moiy ‘fuenjaueg UcOPpny Yauey Jie)
‘(¥ 0661 44V 61 pue 024 21
51 g°1 o) Bugssors peot yied woi) "yaar) uenp LEg ‘Wied Jeuojbay s1adsed ‘g
Wy % 4d) 1861 Ao pg-1dy £ "uokue) [2g Hiied |euoifiay siadsed p
(801 0661 Yer-6861 _u_o ‘lw g7z “xoidde ;
2247 URN[ URS WOI| RIOPRUIAGOD) epeye]) [0 3D iy 'Of2iA UOISTI Oyduey -
N e " (801 0661
urp-6EG1 130 W Z N vayl ‘ennbiyl) epeye] apis 3 O] DLNYL $S04I0 Y g )
N mwu_u uen ueg Iio| RIOPRUINOD RPRYRD [0 3PIS M ‘ol UDISSIW OYauRy ‘7
(8Q) 0661 Uer-6861 120 "W G "xoidde
N %2210 uenp ueg woi] “eiinbi) epeyel) [0 AP M ‘ofarn, UDpssi oLpuRy

3321 uenp ueg
epunpen) ‘Aiuneny afueig

sfianing pue suolje307] uai snjde) ofiaig ueg jo siiejaq

‘panunRuod Z ejqeL




54

‘(231325 IIPIIM PUR Y1 "S'N) [RQUWAZ PIUAIY 121 PIOIRH 4215q2, PRY2IY
Uaneap Yizuuay| ‘(suekieD) uewssip Apues "Njun difiud ‘(P24n2S AJIPIM PU? Ysid
'g'(Y) 4apuelipeIg uaaioq ‘(sueijed) (U012 anG ‘(2dABS 2JIPIIM Pue Ustd 'S'()
nejeg Aney ‘eay "l 023pewy DN AT ‘(zg61 'LB'9E spig "wy) mebey eynp
‘oo uyop Ipiemiyap i3 'Buy pineq Yauwang an3lg "Y1y wijop 'plemuzalo
uuajo '[231A125 AJIPIM PUC Ysid "S M) 1| AdueN yabesnuog "y piveq ‘(suedljeD)
yawhieg. uag ‘(suenjeD) aleag wed ‘(861 '88°9E spig ‘Wy) Buossuly
juay pue ueBeuely eped 'spiempl apne|d) ‘(faen ‘s ng il ‘Aagzasg
uyop ‘(€861 'GEILE spug wy) plajjsueig puowdey] ‘1agieg pieydfy "mmuSQm._

‘[UWY) 9861 NP L7 “SeuiRd S8 ap 3|i2/
jo umo Jo N "W 0" 1-5'0 "sadojs Bupe)-g uo g “Amp JO I 'sewjeg] s¥| 3 ARA LB

epopes efeg

“(MH) 9861
310)2., ‘Pl SN13RD) pue 'pY ESaly ARIQ |0 UIPSIANYY O MG ‘uofue Buudg ‘og
(il £251 daS 22 Py esep ARIQ |0 S 'Plaly UMOIE |0 M eSO fRI0 'G8
121y euenl) ]

INd) 6861 221 01 (ON 2pY)
1561 Hoatasay] feyQ 4addp Jo i "pY fajep 101201 Jo 2pis MN *Aaflep 101304d ‘b8
‘(AS 'SS '8d) 0661 InP L1-91
unAp £ ON 2P £861-9861 (1Y feiQ jo g) uofiue) uosuyop ‘Aei() oyauey ‘£g
(ON 2pl)) L861-9861 "suchued
jlop pue [eg Bupnpaul Moatasay) Aeig JamoT |9 MS Y A1 'AeiQ orpuey ‘z8
‘(ON 2DI)) 8861-9861 "uofue] |BBo | “Amip oyatiey] "8
imi1) Ba61 N G1 P
Azijop A=1Q |0 M PUIR 'GOR RIRISIIY] 0 3 “pi] Rsap A1 JO N uhuel Aisuua(] 08
FELTH LT

Ned) 0661 1Y 9 1(T3) G861 Q) |rtiep olauey im uotj32siaju

oMU G2ED ‘woadde "'py Ad||ep 101305 JOo N W G0 TN _u:msz 1210 |9 5 GL
(13) 6861 "vohue) s,uRp

Plif 10 pua 1@ "py] Aajjen 10120 jo N WG ) woudde " [anBipy 12110 JO S BL
11 0661 1y g1 I |PURP OtPURY H{iIM UO{IasIDIU]

1O Mo xauddle "pyj Azjjep 401301 JO 3pis N VI janbyy 12ijiop 0 § TLL

e 0661 1dy g1 pue 9 :(73) 6861 1eN £2 'sadofs iy 1enbi S0 9L
INd) 0661 4dv 9 °(13) 6861

“uohuz]) s.uep] PIIM 1O N "PY [anBi ueg jo pua 3 "aseg S I |1anBij s3I0 "GL

S)V__ mwmn 220 NN .ﬂﬂ r—uhﬁmu mﬂ.:DU “U M _.._g..._uU mcn—r_ .n—u_whr,::.w ‘bl

‘(MY ‘NS "SS) 066T e bg PUR G "UIEp |0 3§ 'joaldsay 1ajem|aams "EL

(gr) 6861 By 1 poomieng 1@ pG “Am) | ‘s|iiH asipried ‘0bajq ueg gL
‘(93 'ad)

0661 fow b Py fusend) pue "py J21eMiaamG |O UOIIASIBI] JO N ‘apisAuung "1 £
()

2861 720 L2 P Haeqafipiy pue “1g || 1523 Jo UojRasiaiu] o MN "RISIA BINYD T0L
‘(uwv 2pi)

6961 Bny G| 1S || pue "py eluog taamian Gpg dIeisdi jO T "RISA BND 69

10y 181emiaamg

1l 0661 121 6 (vl 5861 My

g1 Buiping 1214151Q 1@1em ¥agy j© N UPY Hed sBujuuap ae] jo § 'apisase] ‘g9
M) 0661 124 6 (MY SBGI ey £ pue ity g 'pY Hied sEujuuap aqer)

jo 3 pue py ajuop 3 jo § Aludia pue yied Ajuno) sBujuuap aye "apisane L9
(M3 0661 4°W 6 ‘M) G861

sy £1 “PY 21U0H {3 pue Py Hied sBujuuap 23] jo uoiaasiaul jo N ‘apisae] ‘99
(M) 0661 1A Hing)

€861 Inp 1Q ARunpy pue i 26pojaael] uaamiaq abipyi 's||y4 1242124 ‘uoled 13 'G9
. 109) 6861 220

Z-nON 81 I 1584 |0 § JeweT jO M "tH Areuioaiq jo adojs N “Az(len Bupdg 'pa
(Nd) 0661 N[ L2 ‘6861 Ul g pue Ae €1 '(3D) €861 I°r

LZ-62 $@°7 @2jueg |o N uofiien) aioutesfig |o apjs 3J "\puey gijuey ‘as|ueg L9
“(14) 0661 fel 02 *13D) 9861 W 02

‘|d uoifulysesy pue i UoPI0|S 110.] Uaamiac uoAued 's|jij-| uossiy ‘ofaig ueg "Z29

1an)y ofiaiq ueg

Iyl pB61T By G HMEN 1861 90 2100 |0 S "flemod *19
‘(woN 6861 220

£2 sl 861 Bny Gz "aliop] [ap ouiueD) Jo N pue Py epuRig 7 |9 M “femod 09
‘(MY G861 12 2 Cimil b86T 1BW b1 SR

pROI[IR] JO A ‘3ADSAY| DIRIS SAUL) Astio) ‘uoofie] sopnbseya, soT ‘obaig ues "69

32047 goImbseta o7

(ol

0661 14 0Z (M) $861 1eW €2 “jead 5,2uei) [0 adojs p *Aajjep [enbsed ueg "85
‘(M) 0661 10y 02 M) VB6T JBW £2 P 221D [TSA PINLS Liim Lol

-3asiaju |0 7 jwi '] rxosddde 'y unfuesy fipueg jo apis S “Aajen s ueg (g
(MO 686 T 1R £1 i) PRE T RN E7 DU WD

|anus A elueg pue py uofuer) Apueg) jo uolaosiau o 15 ‘fapep nlise | uug ‘96
(1) 0661 44V 02 FIMA) vBG I

NP G 9ed ) 5,0URID O N aNP 0B [PRSA RiUvS |© apjs N 'Aapun jenbisig ueg 6g
Il 0661 2V 0Z M)

ﬂmn-— t.:ﬁ n.m .—_wm:U G_@__.._._._—U JDAD Um_um_ﬂ mh _nz_.s__ __n... _?_..Z .__aa:n._) *rv:_uaﬂg_ :...m ?m
fs)
0661 4y 0Z Pue P e TE PUe £1 MM BBGT I € Pue Unf 9Z pue °6 'z
Wiy oplann) O] YL | [RIUiLy Pl ©) 32URLUD JO T U G0 i) i ey

P oB2i ues pue ey |eainisl | 21015 jenbse g ueg ‘Aajjep |unbsey ueg g
(M) 8861 220 1€ (M) LBGT W

01 “Pul ajep1ano)) jo 3 'BL A [0 N 'L101T [I JO PpIs § "AafleA [enbseg ueg “Zg
s 06G L 44y 02 1(DF) 6BGIL PH 21epianci)

i uoiRasiagel 0 N P | Y peoapoy jo apis T 'Aajup jenbse ueg C1g
(sl GBGT Q2.1 €1 M) BBGT v £2 'Y

[Foomyaoy] pUe Py jepiano|] o uojjaesiajul jo 35 e N "Rajjep jenliseg ueg ()G
(3D 0661 4y 02 M) bB6L ‘e

01 ‘gL "] | pue "py 2|epaanc]|] jo UoHIasIv)i| O apis 3N ‘Aaep [enlised ves ‘G
(Ml 6861 U 1 M VRO

1o 81 'P [enbsed plo pue py [enbsed ueg |0 uolpasiall o Js ‘oppuodsy gy
Il 6861 924

£1 Imsl) P86 e B "1aSUNG pue P |enbse g} ueg o uolaasiap ‘oppueIsy] L
() 066 T 1V 07 Hmy) 186G L 0P 02-112:0

82 ] nuung pue A Aajlep 1ROg] Uadmian () vpeltg] 1T |9 N ‘opipuoasy g
(M) 68G6T

24 GZ MM £861 20y |2 "SBPOL] a4eT jO N TSOL I O 2pIS § Topipuoasy gL
s 0661 v 0z

s 1861 1 L2 ] AIID DAY [0 AR BUIRT] BDUDIRT O DPUS N COpPpPUnIsSY b
Il GRGL ung

91 ‘M) 1861 AT OF 'G1 Meisiajuf o m "sabipof | 23e7] 0 2pIs N "OpIpuaasy g
(¥ 8861 MON £2 PUt 0Z (M) ¥8G1 das | pue xdy

g ‘Buipue| jeaq sabpoj | »e] |0 § 9OG It TN Opteulag jo adojs g oppnisty Zp

‘penuiuod g 8jqel




55

S 1 } 1 1 1 1 606L/LE/E Juowieie|) [
S 1 F3 T i 1 1 1064/58/1 1 Juouiele|D r62
3 1 S 1 1 1 1 Sl XI6L/Le/b 1 sejebuy so| 982
7 I S 1 I 1 1 1 EL6L/1E/T) opueuie] Ues 28¢
F3 1 1 1 1 i 1 6061L/01/P Juowere|d pse
] 1 1 L b 1 1 6061/92/F Juowele| £S¢
G I F3 L 1 1 I L0BL/SZ/L ] JuowIele|n pe 1L
v I | §¢ 3 I I 1 G161/01/at [EDER] 2el
Sy 3 51 1 1 1 1 ¥161/2/01 JuoweJe|n «81%]0,
g 1 1 I 1 1 I v681/68/L Juowesen XXX
ALNNOD SITIONV SO
] 7 3 2 2 AR L¥61 obujuiog ojues CELET
8 Z z F z Z | §1 1F61 BISIA eueng GZrel
8 3 3 3 ] 2 1 I¥61 Zeg e LOVEB L
B F3 3 F3 2 z 1 1v61 sejuieg S0 LLEB}
] 3 ] 3 z 3 51 Lv61 ojoleg ues C0ER1
HNS VINHO3ANvYo Yrva
8 1 F F gl 2 L PEB1/S0/b  [Sewed Se| ep |[EA ©1eo8] S (WGl BELLI
S 1 3 F] zZ | ¢ 1 YEBL/EO/ ¥ RejjeA osjued L8LL1Y
v 1 F3 1 3 I 1 PEBL/E0/ ¥ RejeA osjued 981711
S 1 F I g1 i 1 V6BL/0E/E RejfeA osjues SBLLI
] 51 | SF F3 S L 1 9E64/8G/E PEPIUL] ®] 6P B|[eA DdS ojjfenby I6LLL
¥ S1L | 5% 1 51 2 S 9E€61/E2/E PEP|UL] €] 6p 6jleA 'DdS ojjfendy 9611
5 1 z ] 1 F S €e64/9/¥ BUenli] jo see W G| v898
9 1 1 S | SE| St | S €261/9/% Buenli| jo (see ‘W G| £898
g 1 51 L 1 St | 61 €261/9/% BUBN[|L JO ISE6 Ul G| 2898
“31HON VINHOJIYD vrve
L _ ] _ < — ¥ _ e | 2 | 1 | mepuopsejen — UOpE20| Uoj28e|joD | lequinu uswideds

S3HODS H3LOVHVHD

'sdnoibino se poppe pue paiods '@ieM Jayodjedteub eiuiojije)

Sy} pue uaim padeu-snojni ayl jo uswidads sAnejussesdes y "salvedsqns

Uaim sSnjoed jo uosiiedwod 10) pappe pue pPaicds 9I19M BUOZIY pue ‘sexa]

4ng erulojije) eleg woJy suawioads ‘uaim smoes obsig ues ayj jo suswioads
adA} ase , Aq psjeubisap suswioads saiyl syl '(0661L) J9ABSp\ pue eay

Ag psesn asoy; ase Ajuno) eimuap pue ‘Alunos obaig ues ‘seluncy) ouipieulsg
ueg pue spisieAld ‘Aijuno) sbuelp ‘AQjuno) sajebuy so7 ‘@uON elulojlje)

efeg woly suswioads ||y -Apnis [eaiBojouydiow ayy ul pasn suswioads ‘g 9|gel




56

2 51 1 3 L 1 v061/21/9  |AG|lEA OpuBlled ues 'ysem ebunini vS08¢
£ } 5L 1 i i 1 9681/6a/F  |AGlleA OpuBUIeS ues "ysem ebuniny 2508€E
] 1 1 I I 1 I BE61/92/S R 1eanD S519ve

S P 1 i b 1 I I 8261/92/S RIQ 18AInD viGbe
€ I I 1 I E0BL/1E/01 Rejle; OpuBuie] ues 9LlE}
z T | &t 1 1 T 1 806L/CH/C eon|e | GLLE
3 1 1 1 0681/60/% jueqing £902 !
7 3 1 1 I 1681/BL/Y opueuled ues 0502l
2 1 1 i 1 3 i E06L/2H/B Rejlzp opuewe ] UBS 85021

1 1 1 1 1 I 0061/92/11 euspesed 15021

3 1 S} 1 1 I S 1 2061/90/6 BUBPESEd 95021
R 1 51 1 1 E06L/CL/6 opueuled Ues 5502}

2 S1 I G G6BL/EL/D opueuied ueg ¥5021
i 1 1 1 1 1 £061/21/6 opuBule] Ues 2500}

I 1 1 1 1 i E06L/24/6 opueuied ueg 05021

1 S\ ) 3 t ) £E061/C4/6 opueule] Ues 6v0c1L

1 I 1 1 1 1 LG8L/8L/Y AelleA OpuBWe UeS 1p0c!
I I I I I 1 £0614/21/6 Re|jep opuewsy ues 902!

£ 1 1 1 I L L E061/1LE/OL Kojje opueUle] UBS ABSUIED) Sv0Z1
¥ 51 1 ] 6681/E1/0 opueuls] UES Zroet
] ! z 3 1 3 6681/€1/9 fa|ep opueWwed Ues Lvoe!
3 b 1 1 1 I El6L/l2/el K6l opueuwie] UeS ECHD
3 1 gl L 5L L 1 €06+/CH/B opueuie ueg 6E021
£ 1 b I 1 I b €061L/21L/6 AB|[BA OpuBLIG] UES 9EGE |
1 Sl T I I T 2061/22/8 euspesed GEOc!

k] I Gl i L i Sl c06L/¥2/1 BuUBpESEd ve02 1L
S¥ | St 1 i 1 1 1 EOGL/LE/O} Xe|[e)\ opUEUIe] UES 'ABSulen) ££02 |
I 5L L 1 1 51 1061/60/6 euepesed 2e0el

I L L R i 3 20614/90/6 BUBPESEJ 6202}

1 L 1 1 1 g1 z06l/22/8 BlUBpESE] 12021t

S¥ L 1 1 3 1 S| £061/50/6 BUBPESE 92021
1 1 1 i 54 Z0OBL/LO/LL A8|jep opueuled Ueg "Aesuieg vrzozl
g 1 1 1 1 i 1 E06L/LE/OL Xa|je/\ opuelie UES Aesuien Zcoel

I i 1 1 I 51 £€061/21/6 RGI[EA OpUBLIE UES tzoel
Z 1 b b 1 1 1 S68L/PL/0L opueule] Ues vP66

SE 1 1 1 ) 1 1 LI6L/E/LL wjysIsyue] 88lc

gy 1 1 L i I 1 L061/52/6 opueule] ues 1502

S 1 Sl 1 1 L161/2/E puBjUNS G65-Y
[ 1 51 L I 1 1 606 L/E/P Juouiele|D 0ES

‘PenuUiuoo g sejqey




~
vy

S 1 NN 1 £6B81/¥0/01 obei( ueg 9/}
I g 1 1 S'L | st 6BBL/91/6 obe|] ues BLLLL
9 2 CH 1 ] I 7 b68L/OL/E ep|Sene LLLIL
S 9 i 5L | St Z 1 Sl EI6L/LE/CL R0 TeuopeN BEBOL
F3 L I Sl 1 1 Sl 2981/20/€ obe|g ues 9leb
z St z g1 2 3 CH 2981/20/E obe|q ues Siey
[ 1 g1 2 z ER BOB1L/S1/9 obejQ ueg 099€
8 1 3 7 2 8061/61/9 obelg ueg 959¢
g 3 G 1 1 5L 1 ] OL6L/LL/2] obeig uss 61S¢
S5 1 S 2 F2 I 1 BI6L/LL/E) obelg ueg 0E6
g 1 S 1 1 1 3 SL6L/P2/¥ oba|( ues 2ii'o
ALNNOD 0D3(d NYS
[ I 1 1 L 1 1 G6BL/La/t "0 oujpieuwleg ueg 00E2S
3 I 51 1 ) 1 L L06L/P1/6 uozeqe) S62b02
[ 1 L 1 I i I I16L/le/e "00 BpISIBAH 'BX0O) clove
v 1 1 L 1 1 1 LLBL/EL/L ‘00 episieAlq ‘BBl 2lave
5K 1 I i I I 1681/F episIsAly 8502}
I 1 [ g1 1 I 8061712/} "00) OPISIGAIH €06y SPLLL
L 1 L gl I I g1 80B81L/1¢2/2} "00) epISIeAl BB 7
¥ I 1 I 1 1 5L | 6681/81/0F Bely ves Uojjes BESI
9 I i 1 1 I 1 8681/50/1 BBy €65 UojjeS 9EG )
v 1 1 1 1 1 1 LZ881/60/1 oujpieuieg ues 0EG !
S3LNNOJ ONIGYYNE3E
NVS ONV 3QISHIAIY
9 l L L L I ! B06L/LE/6 :ay%m BUY EjUBS PLEE
Sy L 3 1 1 1 1 8061/22/6 UoAUED Uy elues ELEE
£ I 1 1 L 1 1 8061/12/6 uoAue) Buy ejueg CLEE
_ ALNNOD 3DNVHO
¥ 1 i 1 I 1 1 ¥161/82/8 WiysIeNUET 9SZ/1Y
] I I 1 1 I I 8861/61/¢c Aejep opuewse] ueg BEO9F
3 1 L 1 1 L 3 9061/b1/6 "00 SelebUy 07 'euspesey Z2.08E
b I 3 I I 1 1 v061/02/6 "00 s8jebuy 07 'euspesed LL0BE
v b G b I 1 1 S061/5/F "00 Sejebuy S0 euepeseg 6908E
3 I S 1 1 1 1 v064/91/6 "00 Se[ebuy S0 euspeseg 8908¢
3 I | 51 1 I T 1 E06L/PL/LL '03 Se[ebUY S0 'Buspeseq 9908¢
S I CH I I 1 I 9681/20/01 "0J sejebuy so7 euspesed S908E
¥ 1 S} 1 I I S I 9681/5k/¢ "0 sejebuy s07 euspesed $908¢E
e 1 L 1 1 1 1 £061/E1/6 |Ae|jeA OpUELIBS UES '|SEA) ebuning £908¢E
3 ! I i 1 1 I E061/EL/6 |Ae|[e; OpuUBUIG] UBS '(SEA) ebuninL Z908¢e

'‘PeNURUOD £ Bjqe)




58

I ] ] 0 0 0 0 V664 obelg UeS J8yoleojeud eluIojjeD
] £ c 0 0 4] ! usJm pedeu-snojny
SANOHDLNO

5w 1 F 51 | 6} 1 I XX6 1 "00 BINJUBA 669S¢

€ 1 1 1 1 I 1 xX6 1 00 BINUBA 169v ¥

S 1 L 1 i 1 XX6 L ‘00 BINjUBA GGhbb

ALNNOD YHILLNIA

g 2 1 1 1 3 3 6.81 "zy "0Q edodliei 2060¥F

v 2 1 1 1 2 I 0861 "Zy "0Q edoolEW 9cBO0 P

¥ 2 3 I 1 2 1 0E61 "X] 'Boue|g BlB|S 1192

3 2 1 1 } S'L I 0E61L 'X] ‘uosiepues 609¥2

VNOZIHY PUE SYX3L

Sv I St | Gt 2 S1 | Sb v681/E1/9 episexe 00815/

6 S1 | Gt [ c 2 S E681/60/1 1L obsig Ues 861151

6 L | 5t 1 7 Sl I £E681L/81/2 obelqg ues LBLLSL
59 1 3 L I L 1 LLIBA/P/L L obe|(] ues 86715/

9 [4 1 ] 2 Sl ] L161/%/11 obe|q ues G611G1

€ g1 1 5L | Gt i 1 988L/2H/P ) Ejjucg .952% b

9'E 2 1 S 1 1 51 9664/24/1 B[uog .ESabv
SE ] Sl 1 2 1 ] 9861L/L/1) ejjuog .GB6EF

3 3 51 | 51 I 1 1 0861L/L/2} Bljuog A

v 51 1 SL | St |St I 086L/1E/0L ejjuog 25Lib

9 2 Sl L F 1 3 Zzel/be/e! RO reuojeN 1592E

g z 51 1 Sl 1 1 2e6l/beiel A0 JeucnenN 9582E

3 3 Sl ] 1 51 1 Z2e6L/B/LL Ao euoiieN S592¢

¥ St F I 1 1 BI6L/L/6 AlID [eUONIEN ¥592¢

] N EERD 2 1 St 1 BLGL/LIY A0 [euoleN 8¥92E

3 SL | g1 1 F7 l St 0€E6L/BL/C obelq ues "AejjeA uo|ssiy ITES

5 I St [ 1 } Sl BL6L/8L/Y B|SIA BYD 9¥92¢

£ 1 1 5L | 51 I 1 6161/6/21 Ejjuog SP9ZE

[ 1 Sl I S\ I 1 BLGH/ /¥ €jjucg vv92E

S¥ i 51 1 gL | st 1 0€61/9/1L Asje esipeied 8lo¥e

g b S1 | St 2z 1 1 GEBL/LL/2!L obe|Q ueg PBLLL

) 1 i 2 1 1 S G681/02/5 ofieiqg ues E8LLI

S i 1 2 1 S1 | 51 5681/02/5 obe|g ueg 28llL

S¥ 1 1 1 1 1 I v68L/BL/6 obei] ues 18271

S S F 51 1 2 v68L/V1/6 ofieig ues 08171

‘Penunuod g ajqej

e




359

['UUIN jo "N YUIZ Heqoy anssl ). ‘BJ) Bleg nweE) ¥BISL/LL SXW
{(‘uuIw jo "nl juiz Heqoy enssi| 'eq) eleg 'nween Pe/SHILL XA
['UUW J0 "N) ¥UiZ 1egoy BnssIL &7 eleg 'edijed U8S j0 N V6/2L/LY EXW
[ruuiw jo "Nl HuiZ egoy anss| | "8 eleg "edjjad UBS jO N VEZL/L eXW
Ut Jo ) YUIZ 118G0H anssiL B Bleg 'edi|od USS O N PECL/NL IXW
-(ejuwiojjjeD E[eg] snjjjdeajsuuniq snydUALLojAdWED
EX leyjee) pays JloMeseY J16|EM|BEMS PEILLS BMS
ER] Teyiee] pous ToAIesEY 18]EMIBEMS VILLS ZMS
ER JByjes) pays Youey 1rejs FE/LML SHS
ER Jaljee] pays ousy Jme|g PEILLIL ¥ds
31 leyjee) pays Youey JBig - yE/LLIL EHS
37 J8U1e6] pauS UsUBY 18IS P6/0L/L 2HS
37 Iayjae] peys ouey JiB|g ¥6/0b/L IHS
ER JeqiEs) pays JEnbseg usg vE/LOL 648
ER] Jel|les) peyus [BNbsEd uBS YE/EL/S SdS
ER] iBY|ea] peys |enbsed ues VE/EL/S dS
37 ieujee] peys Hesag Wwied v6ieeil sad
ER leyieej peys 118se() Wied v6/C2/L £qd
37 J8uiB9) pays usseq Wwied v6/2e/L 2ad
ERl Jeljee) pays jese( wjeg YB/Ce/L 1ad
ER i8ljiee) peys sbuuuep o3E] GE/81/2 oir
ER ~J641E8] paus sBUIUsT 6%8 ] Vel R
ERl J8yjes) pays sabpoH 84e7 SEELE 8H1
31 1888 peys s85poH YR ¥6/L/9 SH1
3 jau1ee] peys Sabpof| 648 v6/8¢/5 ZH
ER J8yjee| paus SG6POH 048 | y6/5 IH1
BUIHLHE uyor Jeyies) pajing uojajpued dwen ¥6/8 ¥dd
SUINND uyop JeulEs) pejing Uojejpueg dweg v6/8 €40
SYiHY uyor Jayjeaj pejing ugjajpuag dwey v6/8 2d0
SUIRID uqor I8UIEa) pajing Uoje|pusd Gue) v6/8 1d0
37 J6yie8) pays sBuudg ofeuog ve/12/L 958
31 Jeyjesj peys sBundg obeuog e/ e/l ESH
37 18yjes) pays sDuudg obelog v6/12/L 1S8
ER] ieyee| pays S|[H WiBYsUY VP H/L SHY
1. Jayjes) psys SlliH Wisysuy PoPLL LHY
:(BILIOjIjED) [FISEOD) SNyIdBaI6UUNIq SNAYJUAYIOJADWED
{"Zy jo 'n) sjenH wo | upys wnesny 7y 'uosan] 862} 1senod snjjideajeuuniq snysuAyiojAdwes
{'Z¥ 10 ') sjenH woj Bnss|] X1 07 eledsz 'UOJ[ES 2652/ [58n02 snjjidealeuLNIq SNYoUALIOACWED
[SNWNST] 56188 ‘W T i ing 87 eleg 'sOJUBS SOpO] BelY SB/Z $AUYJE Sn)jdeaeuLnIq SNYSUAGIOATLIE)
(SNIWNST) suigqoy g yiew enss|| JOpEN23 '@dUIADId SEP|BIBLIST LH61 SNIEUOZ snyaudLioAduwien
{SNWNST) uuBwWw)Ig BUUDQ 8nss) | BI|4 B|500 "edUjACld SBUGIBlUNG 1861 18l)y BlanUynI sSnyouAyioAdwen
AJOISIH “JeN Jo wnasny 'q'Ss Jayieed ‘80 ' obiel] uBg YEEL BIIUIC) B2 BIIUIO)IED Bjjd0log
[GIEETER) adA) ejdwes uoljeso pejasjjoo sleq e|dweg

‘siskjeue pue Buiouanbas q swoiys0ihd ui pesn ssidwes 'y s|qel




60

] 8 ] s L 8 6 6 8 L 14 (4 £T 1 6 9 GXH 0%
4 L L 14 9 L 8 ] L 9 BT £z zZ z 8 4 PHH 6T
9 L L ¥ 9 L [:] 8 L 3 62 9z 114 g 8 S £XW BE
5 9 9 £ < 9 L L 9 S j:F4 sZ ve < L v THW LE
L 9 8 S g 9 L L 9 S 119 gz vz L L 9 XM 9¢€
£ v 4 1 £ v S g 14 € LT £ zZ £ 5 (4 8MS St
£ v v 1 £ ¥ 5 S v € Lz £z [44 £ g 14 IMs btL
9 L L 14 ] € k] 9 5 9 14 Ve €2 9 9 S SH5 [t
3 L L L4 4 5 8 ] S 9 Bz 92 =14 9 8 s yES ZE
4 S s 4 14 £ g 9 £ 14 BZ |44 £z b 9 £ £ds Tt
L 8 8 5 5 v L L 9 L Le 14 ve L L 9 s 0t
8 6 ] 9 9 S 8 8 L 8 BT 9z 114 8 8 L Td45 62
L ot 0T L 6 ] 6 L 0t [ 62 sz ve [ L 8 645 BZ
L B 0T L A L -] L S 8 L 1t 5T v 6 5 8 9ds LZ
g 8 8 S g L 9 L 5 8 L 62 5Z ¥e L L -] $dS 9T
L g 8 S L 9 L L 9 S -5 4 LT g2 L L 9 5ad 52
S 9 9 £ s ¥ s [ v £ 9z 14 rz S L (] £€ad v
L 8 8 s L 9 (A L 9 s BT Lz 92 L L 9 zad €z
L g 9 S L 9 L L 9 S 6T sZ L L L 9 1ad zZ
» g L ¥ 2 = 9 9 3 b 0E pe £z 9 9 S 0ICT 12
L ot 0t 6 L 9 L s 9 L ot 9z SE ot [ ot 207 02
L 0t o1 & L 9 L S 9 L 0¢ 52 sz o1 6 o1 BHT 61
] & 6 8 8 L 9 9 L 9 6c 5¢ ve 6 8 6 9HT BI1
= 8 o1 L S 1 L L 9 L 0% e €2 8 L 8 ZHT LI
E L L 1 2 L 8 8 L 9 62 L4 ve S ] 5 THT 91
520°0 - 4 £ £ 9 L '3 9 < 1€ & (44 L £ 9 bd2 G1
GZ0°0 ¥I0°0 - t S g L 2 9 S 6Z sz ve L 6 9 £dd b1
»10°0 110°0 T10°0 * z g 9 9 s .4 14 v £z {4 8 £ zdd L1
120°0 11070 81070 Loo'o - € 9 ] £ 14 0t vE £z 9 9 S 142 Z1
SZ0'0 1zZ0'0 6Z0'0 B10O"0 11070 = £ £ z € Lz (%4 (A4 L % 9 9S8 11
6Z0°0 GZ0'0 SzZ0"0 1zo'o 1zZ0°0 Ti0'0 * z £ 4 9L v £z a 3 L £sa 01
6Z0°0 SI0'0 SEZ0°0 1z0°'0 1zo'o 110'0 LO00'0 - £ 2 9z X4 £2 8 9 L 159 6
SZ0°0 1Z0°0 TZ0°0 gIL 0 110°0 Looo 110°0 T10°0 - T Lz 14 ve L L 9 CHY B
1Z0'0 810°0 BI0"O »10°0 vio'o 11070 Loo®ao Lo0‘0 b00°0 = 9z ve £z g 5 g THY L
o010 110 vot'o got'o Lot o 960°0 £60°0 E60°D 96070 £60°0 = 0¥ o» B2 62 gz NOY3 9
6800 280'0 [1: 1] 980°0 980°0 ZBO'O0 980°0 980°0 6B0°0 - 980°0 EPT°O 5 1 [ %4 ve 14 Z3 S
989°0 6LO°0 980°0 Z8O'0 ZBO'O 6L0"0 ZBO'O 280°0 980°0 ¢H0° 0 EYl 0 ¥oo0°o - f44 (%4 ve HY ¥
§10'C SZO"0" 5I0°0 rI0°0 1z0°0 SZ0°0 6Z0°0 6Z0°0 GSIO'O 1zZ0°0 o010 ZBO" D 6L0°0 = 8 5 Y82 €
£620°0 GZ0'0 ZE0°0 1Z2°0 1Z0'0 B10°0 120°0 TZ0'0 GSZ0'0 1Z0°0 pOT"0 980°0 ZBO'OD 620°0 - £ Zv T
210'0 TZ0°0 izZo"o 11070 81070 120°0 5200 G20°0 12070 B10°0 0ot1'o 680°0 980°0 BIO"0 11070 = L 1
91 1 {2 £T (41 11 o1 6 8 L 9 S v E T 1

« ‘seouB)sSip uesw oJe jeuoBeip 8y} eA0qy ‘(SOUS OjgelieA JO JaGuinu) SSOUEBISIP

sinjoSGE umoys sse |euoBelp 8yl Mojeg 'BXe} USaM]a( SaduBISIP 8similed 'S dIqel




61

MMM N 9o

Lod'o
p00°0
Loo'o
TEO' O
ZEO' O
520°'0
SZ0'0
BI0°0
ST0°0
sZ0'o
P10 0
TEO" O
ZE0' 0
580'0
SZ0'0
1zoto
szZo0'0
ST0'0
P10°0
P10'0
B10°0
6Z0°0
GZ0'0
B10°0
TZ0°0
0010
£€60°0
6E0°0
TZ0°0
820°0
B10°0
(4

Mo N Mo TN

110°0
L A% ]
SZo'0
SZ0°0
B10'0
g1o'o
11070
g1o’o
B810°0
Lo o
SZ0'0
S20°0
€20'0
81070
P10°0
g10°0
810°0
LOO 0
LOD" 0
110°0
120'0
1200
11070
P10 0
00170
580°0
Z80'0
vio°o
120°'0
110°0
I

M- e @ O~ @

voo'o
6200

6Z0°0

120’0
62070
1200
6Z0°0
€00
8100
620°0
620°0
zL0'0
10" 0
ST0°0
6Z0°0
620°0
B10°0
810'0
vi0°0
520°0
5T0'0
TZo"0
sz0°
960°0
680°0
980°0
SZ0'0
520°0
10’0
(114

- oMW mm

ZE0°0
ZL0’'o
GZ0'0
cE0'0
S0 0
ZE0’0
ZE0'0
TZ0°0
TE0' 0
TEO'O
S5£0°0
ST0°0
620°0
zLo'o
ZE0° O
1200
1Z0°0
B10°0
620°0
6Z0° 0
SZ0"0
6Z0°0
0oT'0
£60'0
680°0
820°'0
6Z0°0
geo'o
6T

o
—

~

@O~ e O @an

o~ -~
~Na o
(===
o oo

620" 0
62070
6Z0°0
SZT0°0
6Z0'0
620°0
[A 1}
6T0°0
sZ0'0
2£0°0
9t0'0
§20'0
ZL0'0
620°
Ze0°0
SZ0'0
9€0'0
zLo'o
votT'0
680°0
S580°0
ZLo’'o
GE0'0
620°0
BT

-~

Iﬂﬂ\wﬁﬂ\rﬁ\ﬂ\nmwmﬁﬂ

Loo”
6Z0°0
6200
620°0
6Z0°0
B10°0
120'0
12070
SZ0°0
12070
SZo'0
6Z0°0
9100
52070
cZo'0
1Z0°0
SZ0°0
BIO'O
620°0
SZ0°'0
11t'o
680°0
980°0
€E0'0
B10°0
62070
Lz

MM FOYN- NSO~ ©

BZ0°0
100
620°0
62070
81070
1Z0°0
1z0°0
5T0°0
12070
BIO'0
6Z0°0
6Z0°'0
g10°0
STO'0
1200
sT0°0
810°0
6200
szo'o
01" 0
68070
980°0
SZ0°0
S20°0
120°0
9z

immu:m:ompr-vvmwr-r—m

™~
o
o
L=}

n0oo‘o
Loo'0
SZ0°0
9€0°0
9€0°0
tE0" 0
9t0° 0
G200
6Z0° 0
620’0
B10'0
SEZ0'0
1Z0'0
sT0'0
Al
1200
BIO'0
oot o
960°0
£60’'0
Sg0°0
ST0°0
1Z0°0
52

MW E @D MW N NWY TN o

Ltoo'o
v10'0
810’0
9E0°'0
9€0'0
41
62070
B10'0
120°0
120°'0
110°0
810'0
pi0’0
8100
B10°0
r10°0
11070
£60°0
680°0
980°0
B10°0
Sg0°0
P10’ 0
re

Moo~ TTIYC-®

Loo'o
sto'o
SE0°0
9£0°0
€E0°0
Sto’0
SZ0'0
6z0'0
6T0°0
B1O° 0
gz 0
12070
520°0
ST0'0
120°0
810°0
001" 0
960°'0
£60°0
52070
520°0
120°0
£ET

M Moo ODO T O~ ©

120°0
81070
vo1lto
680°0
S80°0
S20°0
GZ0°'0
1zZ0°0
(44

FENEN N YN MNT T MmN e

00—~ 0 ~
o e o

wWWw@ooa oM~ - @O

oo
- e

000'0
T10°0
F10°0
CZO'0
9€0°'0
8t0°0
ZLo'0
ST0°0
120°0
sZ0'0
B10'0
120°0
SZ0'0
Lot 0
t60°'0
680°0
9£0°0
ZEo0'0
9t80°'0
{1k

11 0t 6
ot 5 8
11 01 [
ot 5 B
0t 6 8
g L 3
] L 9
L 8 5
3 ot L
L 8 S
8 5 ]
6 o1 L
8 # g
9 L 9
9 L 9
0t 6 0t
ot 3 8
01 6 o1
o1 6 o1
5 9 €
0 £ v
- £ v
e’ - £

vIo'ao 11070 ~
SZo'0 ¥ioto 11070
9t0'0 TEO' O 620°'0
9E0°0 TE0" 0 9t0°'0
Zt0°0 620°0 520°0
STO'0 6Z0°0 810°0
0 F10'0
0 5200
BIO"0 T€0°0 520°0
o 1Z0°0
0 SZ0'0
0 Lot 0
£60°0 680°0 sg0°'Q
680°0 980°0 ¢80°'0
9E0°0 ZE0'0 BZO'D
ZE0° D 620°0 szo'o
980°0 TE0" 0 620°0
61 Bl L1

SXH
L]
£XH

TXH
aMs
EMS
S¥s
vus
£4s
zus
13-4
&6ds
9ds
vds
sa4d
£as
zad
1a4d
{13 28
1
8H1T
9H1T
ZHT
TH1
ved
£do
zdo
14D
958
£sd
1582
SHY
THY
NOYD
22
t-fol
L {:0]
o
XL

MM TN W~ @O,

‘penuiuc § sjqel




61

MMM N 9o

Lod'o
p00°0
Loo'o
TEO' O
ZEO' O
520°'0
SZ0'0
BI0°0
ST0°0
sZ0'o
P10 0
TEO" O
ZE0' 0
580'0
SZ0'0
1zoto
szZo0'0
ST0'0
P10°0
P10'0
B10°0
6Z0°0
GZ0'0
B10°0
TZ0°0
0010
£€60°0
6E0°0
TZ0°0
820°0
B10°0
(4

Mo N Mo TN

110°0
L A% ]
SZo'0
SZ0°0
B10'0
g1o'o
11070
g1o’o
B810°0
Lo o
SZ0'0
S20°0
€20'0
81070
P10°0
g10°0
810°0
LOO 0
LOD" 0
110°0
120'0
1200
11070
P10 0
00170
580°0
Z80'0
vio°o
120°'0
110°0
I

M- e @ O~ @

voo'o
6200

6Z0°0

120’0
62070
1200
6Z0°0
€00
8100
620°0
620°0
zL0'0
10" 0
ST0°0
6Z0°0
620°0
B10°0
810'0
vi0°0
520°0
5T0'0
TZo"0
sz0°
960°0
680°0
980°0
SZ0'0
520°0
10’0
(114

- oMW mm

ZE0°0
ZL0’'o
GZ0'0
cE0'0
S0 0
ZE0’0
ZE0'0
TZ0°0
TE0' 0
TEO'O
S5£0°0
ST0°0
620°0
zLo'o
ZE0° O
1200
1Z0°0
B10°0
620°0
6Z0° 0
SZ0"0
6Z0°0
0oT'0
£60'0
680°0
820°'0
6Z0°0
geo'o
6T

o
—

~

@O~ e O @an

o~ -~
~Na o
(===
o oo

620" 0
62070
6Z0°0
SZT0°0
6Z0'0
620°0
[A 1}
6T0°0
sZ0'0
2£0°0
9t0'0
§20'0
ZL0'0
620°
Ze0°0
SZ0'0
9€0'0
zLo'o
votT'0
680°0
S580°0
ZLo’'o
GE0'0
620°0
BT

-~

Iﬂﬂ\wﬁﬂ\rﬁ\ﬂ\nmwmﬁﬂ

Loo”
6Z0°0
6200
620°0
6Z0°0
B10°0
120'0
12070
SZ0°0
12070
SZo'0
6Z0°0
9100
52070
cZo'0
1Z0°0
SZ0°0
BIO'O
620°0
SZ0°'0
11t'o
680°0
980°0
€E0'0
B10°0
62070
Lz

MM FOYN- NSO~ ©

BZ0°0
100
620°0
62070
81070
1Z0°0
1z0°0
5T0°0
12070
BIO'0
6Z0°0
6Z0°'0
g10°0
STO'0
1200
sT0°0
810°0
6200
szo'o
01" 0
68070
980°0
SZ0°0
S20°0
120°0
9z

immu:m:ompr-vvmwr-r—m

™~
o
o
L=}

n0oo‘o
Loo'0
SZ0°0
9€0°0
9€0°0
tE0" 0
9t0° 0
G200
6Z0° 0
620’0
B10'0
SEZ0'0
1Z0'0
sT0'0
Al
1200
BIO'0
oot o
960°0
£60’'0
Sg0°0
ST0°0
1Z0°0
52

MW E @D MW N NWY TN o

Ltoo'o
v10'0
810’0
9E0°'0
9€0'0
41
62070
B10'0
120°0
120°'0
110°0
810'0
pi0’0
8100
B10°0
r10°0
11070
£60°0
680°0
980°0
B10°0
Sg0°0
P10’ 0
re

Moo~ TTIYC-®

Loo'o
sto'o
SE0°0
9£0°0
€E0°0
Sto’0
SZ0'0
6z0'0
6T0°0
B1O° 0
gz 0
12070
520°0
ST0'0
120°0
810°0
001" 0
960°'0
£60°0
52070
520°0
120°0
£ET

M Moo ODO T O~ ©

120°0
81070
vo1lto
680°0
S80°0
S20°0
GZ0°'0
1zZ0°0
(44

FENEN N YN MNT T MmN e

00—~ 0 ~
o e o

wWWw@ooa oM~ - @O

oo
- e

000'0
T10°0
F10°0
CZO'0
9€0°'0
8t0°0
ZLo'0
ST0°0
120°0
sZ0'0
B10'0
120°0
SZ0'0
Lot 0
t60°'0
680°0
9£0°0
ZEo0'0
9t80°'0
{1k

11 0t 6
ot 5 8
11 01 [
ot 5 B
0t 6 8
g L 3
] L 9
L 8 5
3 ot L
L 8 S
8 5 ]
6 o1 L
8 # g
9 L 9
9 L 9
0t 6 0t
ot 3 8
01 6 o1
o1 6 o1
5 9 €
0 £ v
- £ v
e’ - £

vIo'ao 11070 ~
SZo'0 ¥ioto 11070
9t0'0 TEO' O 620°'0
9E0°0 TE0" 0 9t0°'0
Zt0°0 620°0 520°0
STO'0 6Z0°0 810°0
0 F10'0
0 5200
BIO"0 T€0°0 520°0
o 1Z0°0
0 SZ0'0
0 Lot 0
£60°0 680°0 sg0°'Q
680°0 980°0 ¢80°'0
9E0°0 ZE0'0 BZO'D
ZE0° D 620°0 szo'o
980°0 TE0" 0 620°0
61 Bl L1

SXH
L]
£XH

TXH
aMs
EMS
S¥s
vus
£4s
zus
13-4
&6ds
9ds
vds
sa4d
£as
zad
1a4d
{13 28
1
8H1T
9H1T
ZHT
TH1
ved
£do
zdo
14D
958
£sd
1582
SHY
THY
NOYD
22
t-fol
L {:0]
o
XL

MM TN W~ @O,

‘penuiuc § sjqel




62

b00°0
81070
P10°0
Te0'o
pio'o
rio'o
52070
SZO0'0
B10°0
6Z0"0
¢eo'o
5£0°0
9g0°0
6Z0°0
620°0
12070
6Z0° 0
6Z0°0
520°0
BL0"0
6E0°0
9€0°0
ZE0'0
12070
6Z0°0
620°0
B10°0Q
SZo°0
6T0°0
zio'a
ZE0' 0
62070
SZ0°0
boO1°0
98070
T80’ 0
p00°0
2E0°0
TZ0'0
ov

P10°0
T10'0
B10°0
110°0
11070
1z0°0
1200
»10°0
SZ0'0
620°0
ZLo0'0
CEO'O
SZO0"0
SZ0°0
810°0
52070
52070
120°0
S£0°0
9t0°0
zio'o
6200
810’0
STC'0
ST0'0
vi0°0
12070
S¢0°0
620°0
620°'0
5¢0°0
1200
001" 0
¢B0'0
6L0°0
Loo'o
6200
8100
6€

»00°0
11070
1100
11070
12070
T20°0
»10°0
SZ0°0
620°0
CE0°0
¢g0o
ST0°0
SZ0°0
810°0
S0
GZ0'0
100
6E0°0
6E0°0
SCL0°0
zE0°0
1Z0°0
szZo'0
s20°0
v1o'0
120°0
520°0
6Z0°0
620'0
S¢0'0
12070
poT'0
£60°0
£80°0
12070
620°0
g810'0
BE

-

L0000
Loo’o
Loo'o
B10°0
810°0
110°0
1070
S2Z0°0
6T0°0
620°0
12070
1z0°0
P10°0
120°0
TZ070
81070
SEC'0
9t0°0
ZE0'0
620°0
81070
1z0°0
120'0
{100
810’0
120°9
£73°0
sE00
12070
81070
001°0
680°0
seo’o
BI0°0
520°0
v10°0
LE

™™ on

P00
P10 0
fszo o
520°0
810'0
6T0°0
Z€0'0
9g0° 0
6Z0°0
620°0
6Z0°0
120°0
620°0
620°0
810°0
9€£0°0
9£0°0
ZE0°0
620°0
SZ0°'0
120'0
620°0
810°0
BT0°0
170°0
s20°0
520°0
12070
81070
LOT°D
680°0
980°0
520°0
520°0
12070
ag

- MN MMM

000
110
110
v00
P10
BIO
120
120
b0
vio
Loo
rig
vla
110
620

620"

sZo
izo

oMM mm @

‘0
0 11070
0 T10°0
) p00°0
"0 IO 0
‘0 B10°0
e 120°0
‘0 1Z0°0
"0 vio o
"0 p10°0
‘o L00"0
‘o vio‘o
"0 vio'o
"0 T10°0
‘0 62Z0°0
0 620°0
] SZO°0
‘o 120’0
‘0 11070
4] pio° o
‘0 vio'o
‘0 voo0'o0
‘0 TI0°0
"o rvio'o
‘o BIO'0
“a g10'0
0 vio°a
"o I10°0
Y 960°0
‘g €80°0
‘o 6L0°0
] T10'0
‘o 810°0
‘o L00°0
|43

D B T " = I

Loo"0
Loo o
voQ" 0
Loo'o
520°0
SZ0°0
810°0
GZo'0
810°0
sSzTo'0
5Z0'0
vI10°0
SZ0'0
cZo'a
62070
810'0
TZ0'0
SZ0°0
SE0°0
vi0'0
P10°0
1i0°0
120°0
T20°0
81070
120°0
£E60°0
980°0
ZB0°0
1Z0°0
120°0
810°0
£€

SXW
bXM
f 0]
XM

814S
Ms
Q¥5
bus
s
4. &1
THs
645
5ds
vas
cad
£ad
za4d
1a4d
o1r

BHT
9HT
ZH1
THT
rd3
£42
243
142
9541
€54
1sa
SHY
THY
NDY2
20
b Jo]
Ydad
o
XL

Eait s BT 2 B -

‘panuijuocd § ajgel




ABSTRACT

63



