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Abstract
The purpose of this study is to compare the genetic distances of Mimetus
hesperus and Theridion neomexicanum within and between the San Joaquin Valley and
Mojave Valley regions. To my best knowledge this is the first genetic study of M.
hesperus. Mountains and distance are well known barriers to gene flow in species with
lower vagility. For short lived spiders, the only non-synanthropic transport method over
mountains is ballooning. Ballooning spiders rely on surface area for lift, and larger
spiders have a difficult time sustaining flight as they have less surface area per unit
weight. M. hesperus hunts other spiders and probably has large spiderlings which make
it difficult to balloon from hatching. With insufficient ballooning the Sierra Nevada
Mountains should act as a barrier to gene flow for M. hesperus. I predict that
comparisons between populations of M. hesperus on the same side of the Sierra Nevada
Mountains will show smaller genetic distances than comparisons between populations on
opposite sides of the mountains.
M. hesperus and T. neomexicanum were collected from sites around the Sierra
Nevada Noubtains and either died of natural causes or were humanely euthanized in <0°
6

C ethanol. DNA was extracted and PCR was run to amplify the cytochrome oxidase 1
sununit c gene. Amplified sequences were run in two percent agaorse gel to look for
banding of appropriate length and gels showing target band were purified and sent to the
University of Florida for sequencing. All other bands were heavily troubleshooted and re
amplified Sequence chromatograms were analyzed to ensure only pure sequences were
used in analysis. Insufficient numbers of T. neomexicanum were resolved so they were
used as outgroups in analyzing M. hesperus.
Sequences were aligned using clustalW and cut in MEGA to ensure accurate
comparisons. Pairwise distances were calculated between all specimens. A neighbor
joining tree was calculated, and overall percent divergence based on collection sites, and
tree groupings was computed. Character based maximum parsimony and maximum
likelihood trees were calculated to confirm results seen in neighbor joining analysis.
Haplotype diversity was shown by grouping all single nucleotide polymorphisms for
comparison of haplotypes and by collection site and tree groupings.
Genetic distance and trees reveal three distinct groupings of M. hesperus, but
a permutation test found distance within populatioins from both sides insignificant, so all
specimens were grouped as either east or west of the mountains. Although anecdotal at
best, haplotype diversity hints that M. hesperus may have brached from the west to the
east. The Sierra Nevada Mountains appear to separate populations of M. hesperus in the
Central Valley and in the Mojave more than distance alone. M. hesperus populations
collected over 100 miles apart on the west side of the mountains showed no significant
divergence, indicating some unknown mechanism of gene flow linking these populations,
but a larger sample size is needed to confirm this.
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CHAPTER 1: Introduction
Introduction
Pirate Spiders (family Mimetidae) use aggressive mimicry to lure prey spiders into
striking range before catching and eating them (Czajka 1963, Cutler 1972, Lawler 1972,
Lowrie 1972, Jackson and Whitehouse 1986, and Kloock 2000). In this form of hunting, the
spider sits at the side of a web plucking at a strand using a vibrational signal to lure a prey
spider (Jackson and Whitehouse 1986, Kloock 2000). The Mimetidae feed high in the
trophic pyramid and maintain low population densities when compared to prey spiders such
as spiders in the family Dictynidae (Kloock 2012). Within the family Mimetidae there are 13
genera covering hundreds of species (Platnick 2013). The genus Mimetus contains more
species than any other genus in the family Mimetidae (Platnick 2013), 20 of which are found
throughout North America (Mott 1989). Due to their low density (Kloock 2012) and
nocturnal habits, it is difficult to capture large numbers of Mimetus from any given location
so little is known about this family of spiders.
Many spiders produce a small web, sometimes including a small net, to catch the
wind and disperse to other areas, a behavior known as ballooning (Suter 1992). There is little
evidence that Mimetids in general are successful or frequent ballooners. Salmon and Horner
(1977) captured exactly 3,400 ballooning spiders over the course of a year in North Texas,
but only one Mimetid (0.03% Mimetids per spiders found), a juvenile (no size data is
supplied); Dean and Sterling (1985) collected over 23,000 ballooning spiders over two years,
and found 36 Mimetids (0.15%), with over 60% of them less than 2 mm in length.
Compared to relative densities measured in saltbush in Central California (~0.5% of spiders,
Kloock 2012), these studies show very small incidences of Mimetids ballooning.
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Mimetus notius has been observed at hatching and has relatively large spiderlings
upon hatching (Average ~2 mm; Kloock pers. com.). Guarisco (2001) describes the egg sac
of M. hesperus, but hatchlings have not been observed. Given the many other similarities
between M. notius and M. hesperus it is likely that M. hesperus has large spiderlings as well,
which is likely to affect their ability to balloon. Larger spiders need much larger forces to
successfully balloon as their surface area to weight ratio increases. This suggests that M.
hesperus either does not balloon or balloons at such a low rate that we would not expect gene
flow to effectively homogenize genetic structure across populations.
By contrast, Theridion neomexicanum is a much smaller spider, and the Theridiidae
are better represented in studies of ballooning spiders (Salmon and Horner, 1977; Dean and
Sterling, 1985). Salmon and Horner's (1977) sample contained 1.15% Theridiidae. The
Theridiidae made up 3.2% and 3.8 % of two samples of ballooning spiders in Texas (Dean
and Sterling 1985). Thus Theridiidae appear to balloon much more frequently than
Mimetidae. This increased dispersal should greatly increase gene flow both over distance
and across the Sierra Nevada barrier.
A similar study resolving the relationship of spiders on the Indian Ocean Islands
around Madagascar revealed a pattern of inheritance suggesting some species were much
better equipped to disperse than others (Kunter and Agnarsson 2011). Using the
mitochondrial cytochrome oxidase c subunit 1 (CO1) and nuclear internal transcriber spacer
2 (ITS2) genes, Kunter and Agnarsson (2011) found that those spiders that were good aerial
dispersers not only appeared on more distant islands, but differed little genetically between
islands when compared to spiders that were poor ballooners.
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Few publicly available gene sequences are available for the genus Mimetus, and no
specimens of the local representative, Mimetus hesperus, have been entered in the National
Center of Bioinformatics (NCBI) nucleotide database. No population-level genetic data have
been collected on this species or, in fact, any members of Mimetidae. I collected M.
hesperus from several populations in California and sequenced the CO1 genes of M.
hesperus. At the same time I collected sequences from T. neomexicanum in the same
populations to compare genetic distances between these two spiders, one being a known
ballooner, and the other being less vagile and unlikely to balloon. I will use these sequences
to calculate a genetic tree for comparative analysis. Kunter and Agnarsson (2011) use a
phylogenetic tree to compare many species of spider on the same tree, but since I am only
comparing two species of spider, I will be using two tokogenetic trees, one of M. hesperus,
and the other of T. neomexicanum, to compare genetic distance among populations of the two
species.
I used the mitochondrial CO1 gene to compare the amount of gene flow of M.
hesperus to T. neomexicanum by calculating genetic trees to reveal differences in population
genetic divergence. The CO1 gene is widely used (Avise et al. 1987) as a "DNA barcode" for
easy cross species comparison of all species (Zhang et al. 2013) including spiders (Barrett
and Herbert 2005) because of the advantages it has over traditional nuclear sequences. The
CO1 gene (mitochondrial DNA) is transmitted matrilineally, eliminating sexual
recombination, which can result in branches of a tree joining, complicating tree structure
(This is analogous to species formation via hybridization in a phylogenetic tree). It is also
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easier to amplify as it lacks histones that might otherwise block polymerase from DNA
replication (Avise 2000).
Hudson's (2000) test was used to determine if genetic differences exist between
geographically defined populations and support the calculated trees. This test calculates a
simple p value using pairwise distance measurements, which determines if group distance is
significantly different from a random expectation (i.e the expectation if the geographically
defined populations are not genetically isolated from one another), making it an effective
method for testing patterns of geographical distribution.
Haplotype diversity was used to aid in visualizing how genetic trees grouped the
specimens, and revealed population level haplotype diversity. Direct comparisons between
the haplotypes reveal predominant haplotypes in most populations and aid in understanding
unexpected placements in the genetic trees. A pie chart map of haplotype diversity aided in
visualizing haplotype diversity within and between sub populations, and within and between
specimens collected on either side of the mountains.

Project/Hypothesis/Prediction
M. hesperus is thought to have low vagility, as current evidence suggests that
Mimetidae are non-ballooning or very low prevalence ballooning spiders (Salmon and
Horner 1977 and Dean and Sterling1982). Mimetids typically have an annual life cycle
(Kloock 2000), making it seem unlikely for a single generation to cross the Sierra Nevada
Mountains without ballooning. All things held constant, the Sierra Nevada Mountains should
act as a more significant barrier to dispersal than distance alone. Therefore I predict that
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comparisons between populations of M. hesperus on the same side of the Sierra Nevada
Mountains will show smaller genetic distances than comparisons between populations on
opposite sides of the mountains. In addition, since Theridion have been shown to balloon at
higher rates than Mimetus, M. hesperus should have larger genetic distances than T.
neomexicanum populations from the same geographical areas, regardless of whether
populations from the same or opposite sides of the Sierra Nevada Mountains are compared.
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Chapter 2: Methods and Materials
Field Collection
Specimen collection of Mimetus hesperus and Theridion neomexicanum took place
between June 8, 2012 and October 20, 2012. See table 2.1 for details about specimen
collection. General locations were chosen based on their approximate line of sight distance
from other locations on either side of the Sierra Nevada Mountains with approximately 30 to
50 miles separating each site. However after surveying and collecting from many sites, only
five locations had populations of M. hesperus (see figure 2.1). Within these locations, M.
hesperus and T. neomexicanum were found in xeric areas (figure 2.1) on dense bushy
vegetation with smaller leaves such as Saltbush (Atriplex) and Elderberry (Sambucus) (Table
2.1).
Spiders were collected at night with the aid of a headlamp and high power flashlight.
Collection generally started just after sundown and lasted three to four hours. A single leaf
and stem of plants that M. hesperus was found on were taken for identification.
Specimens were captured in Drosophila vials with foam stoppers. M. hesperus were
preliminarily identified in the field by their long legs I and II, posture, stripes on the dorsal
side of the cephalothorax, and their gait in the tube (Figure 2.2). Specimens were examined
in the lab with a dissecting microscope to verify the diagnostic Mimetidae spination pattern
on the tarsus and metatarsus I and II (Ubick et al. 2005) and carapace pattern of M. hesperus
(figure 2.2). Theridion. sp. were identified in the field by searching for cobwebs with small
white to yellowish spiders with abdomens that come to a defined point near the spinnerets,
and distinctive Theridion folium. Captured spiders were positively identified as T.
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neomexicanum by the presence of two highly contrasting black dots on the ventral side of the
abdomen (figure 2.2).
Table 2.1 Dates, number of spiders caught, and type of vegetation they were found on
based on location.
Location
Dates
# Mimetus
# Theridion
Predominant
hesperus
neomexicanum vegetation choice
captured
captured
-Panorama Vista
June: 8, 15, 22, 29
7
6
Saltbush (Atriplex)
July: 6
Preserve
-Red Rock Canyon July: 23, 24, 25, 26
8
5
Saltbush (Atriplex)
State Park
-Private Property in July: 10, 11, 12, 13,
6
7
Joint Pine (Ephedra)
14, 27
Tulare County
-San Joaquin
August: 7, 8, 9, 24,
4
0
Scrub Oak
(Quercus)
Experimental Range 25
Sept: 6, 7
-Victorville
August: 18, 19
8
2
Saltbush (Atriplex)
Sept: 22, 23,
-Independence
August: 3, 4
0
3
Saltbush (Atriplex)
-Cramer Junction
Oct: 19, 20
0
5
Saltbush (Atriplex)

Figure 2.1 Map with collection sites EM = Earlimart (Private
Property), PV = Panorama Vista Wildlife Preserve, RR = Red
Rock Canyon State Park, SJER = San Joaquin Experimantal
Range, and VV = Victorville. Image from Google Maps.
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Figure 2.2: A.- Male Mimetus hesperus, dorsal view, showing spines on legs
I & II and diagnostic thin lines from posterior eyes converging near cephalic
pit. B.- Male Theridion neomexicanum, ventral view, showing diagnostic
ventral black dots Photos courtesy of Carl Kloock, used by permission.

Specimen Storage
M. hesperus was fed a diet of spiderlings when available and wingless drosophila
when not. The spiders either died of natural causes or were euthanized in <0˚ C ethanol. All
vials were checked at least every other weekday for deceased specimens. Specimens were
placed in a -80˚ C freezer (Thermo-Scientific REVCO ULTIMA PLUS ULT 1786-10-D) to
halt the degradation of DNA. Specimens were later transferred to a different -80˚ C freezer
(Thermo-Electron Corporation REVCO).

DNA extraction
All liquid measurement and transfer throughout the experiment was done using
micropipetters (Finnpipette I/II) and the affiliated matching tips. Vortexing was done using
the Fisher Scientific Vortexer: 02215365, and high speed centrifugation was performed in a
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Fisher Scientific Accuspin 400 centrifuge with 24-place microliter rotor. All DNA was
collected, extracted, and stored in 1.7 mL polypropylene microcentrifugal tubes. All
minispin columns (Qiagen) were placed in two mL collection tubes when washing DNA.
All samples were prepared with the Qiagen DNEasy blood and tissue kit, following
the manufacturer’s protocol (Qiagen® 2006) with the following modifications. M. hesperus
were prepped for DNA extraction by removing and using half the legs to prevent
contaminating spider DNA with stomach contents due to the araneophagic habits of these
spiders (Kloock 2012). T. neomexicanum were used whole due to their small size. Stomach
contents of T. neomexicanum are unlikely to contain DNA from other spider prey as
araneophagy is uncommon in the genus Theridion (Kloock 2001).
To ensure cell lysis and tissue degredation, samples were placed in foam floats and
incubated overnight in a water bath at 56˚ C (Fisher Scientific, ISOTEMP 210). During
extraction of DNA from the mini spin columns, 100 µL of buffer AE was added directly to
the silicate filter and allowed to rest for five minutes. Eluted DNA was placed in a -80˚ C
freezer until needed for PCR. In a later extraction, specimen tissue was more limited so the
recipe for extraction was halved and DNA was eluted from mini spin columns twice at 50
µL in an attempt to increase DNA available for PCR.

Primer testing
Since no published sequences for either M. hesperus or T. neomexicanum exist,
primers with similar applications were tested to find a primer pair that worked well on both
species, while maximizing sequence length. Two forward and three reverse primers were
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tested as shown in table 2.2. All six combinations of forward and reverse primers were tested
for viability based on visible banding in the gel electrophoresis and verifying a sequence with
low background noise. Primers were used at a concentration of 100 µM and followed the
original protocol as detailed in the PCR section.
Table 2.2 Primer name, nucleotide sequence, which end of the target sequence they bind,
and reference to sequence used in the past.
Primer
Primer Sequence (shown 5’ to 3’)
Forward/
From
Name
Reverse
LCO1490 GGT CAA CAA ATC ATA AAG ATA TTG G
Forward Folmer et al. (1994)
TAC
TCT
ACT
AAT
CAT
AAA
GAC
ATT
GG
Chelic-f-1
Forward Barrett and Herbert (2005)
HCO2198 TAA ACT TCA GGG TGA CCA AAA AAT CA
Reverse
Folmer et al. (1994)
Chelic-r-1 CCT CCT CCT GAA GGG TCA AAA AAT GA
Reverse
Barrett and Herbert (2005)
GGA
TGG
CCA
AAA
AAT
CAA
AAT
AAA
TG
Chelic-r-2
Reverse
Barrett and Herbert (2005)

The resulting PCR product was run on a two percent agarose gel (see Gel
Electrophoresis for more detail) to check for the presence of an amplified gene product.
Primer pairs that failed to amplify target DNA were removed from further analysis. Once
product was verified, the PCR product was purified using the QIAGEN Qiaquick PCR
Purification Kit (See PCR Purification for more details). Purified samples were run on two
percent agarose gel again (see Gel Electrophoresis for more detail) to show the intensity of
the samples as an estimate of the amount of DNA in each sample. Samples were shipped to
Dr. Shavita Shanker, Ph.D. (DNA Sequencing Core University of Florida CGRC/ICBR
2033 Mowry Road, Room 178E Gainesville, FL 32611) for sequencing. Sequences were
reviewed with DNA chromatographs, and BLASTed (Basic Logarithmic Alignment Search
Tool) against NCBI’s database of nucleotide sequences to confirm target sequence
amplification.
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Polymerase Chain Reaction (PCR)
All PCR components were combined in a sterile hood after 15 minutes of UV
sterilization of pippettes and cabinet (Labconco Purifier Class II Biosafety cabinet Delta
series Model: 3880200, and CBS Scientific Co. Model: p-030-02 with a UV sterilizer).
QIAGEN Taq PCR Master Mix Kit (Taq DNA Polymerase, QIAGEN PCR Buffer, all
dNTP’s) was used for the PCR reaction mix. Custom oligos from Integrated DNA
Technologies (chelicerate forward 1 (100 µM) and HCO2198 (100 µM) (see table 2.2)) were
used to amplify the cytochrome oxidase C subunit 1 gene (see Primer testing for more detail).
QIAGEN Taq PCR Master Mix and custom oligos were kept in -20° C freezer until needed.
QIAGEN Taq Master Mix, custom oligos, templates, and sterile water were thawed
during UV cabinet sterilization. All reagents were vortexed prior to be being pipetted into
the PCR reaction tube. Initial PCR reaction mixes followed reaction mix I in table 2.3.
Because of the difficulty of finding specimens in adequate numbers, extensive
measures were taken to attempt to amplify the target sequence of every specimen captured.
When a PCR product did not show a target banding, every variable of PCR and DNA
extraction was analyzed as described below in "troubleshooting amplification failure".
Table 2.3 PCR reaction mixes and components for initial
amplification and post gel electrophoresis runs with no OD260
readings. (Note- (nest) indicates a pcr using a previous amplification
product.)
Reaction Mix
Total
Master
Primer
Template
Sterile
Volume
Mix
(each)
water
I
25 µL
12.5 µL
2.5 µL
2 µL
5.5 µL
II
50 µL
25 µL
5 µL
15 µL
0 µL
III
19.5 µL
12.5 µL
2 µL
3 µL (nest)
0 µL
IV
35 µL
22 µL
4 µL
5 µL
0 µL
V
25 µL
18 µL
2 µL
3 µL
0 µL
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Difficulties with amplification of some samples led to alterations of the basic method
with all future samples. Water was eliminated from PCR reactions to maximize the physical
quantity of template that could be placed in each reaction vessel. The amount of template
added to the reaction was based on the OD260 readings (table 2.5).
Table 2.4 Thermocycler protocols used in amplification of
template. Cycles 5 and 9 show the number of repetitions of
the three preceding steps. (Note: *- denotes the same time
as protocol to the immediate left. ∞ - Thermocycler set to
cool the sample to maintain integrity until retrieval,
usually overnight.)
Thermocycler protocol
A
B
C
cycle 1: 94°C
5
*
*
cycle 2: 94° C (minutes)
1
*
*
cycle 3: 45° C (minutes)
1.5
*
2
cycle 4: 72° C (minutes)
1.5
*
2
cycle 5: repeat (#)
5
*
*
cycle 6: 94° C (minutes)
1
*
*
cycle 7: 50° C (minutes)
1.5
*
2
cycle 8: 72° C (minutes)
1
*
1.5
cycle 9: repeat (#)
35
50
50
cycle 10: 72° C (minutes)
5
*
*
cycle 11:4° C (minutes)
∞
∞
∞

If amplification failed, more template was added to the reaction mix (II on table 2.3)
and PCR was run using protocol A (table 2.4). Samples that failed to amplify after reaction
mix II were discarded and DNA was re-extracted from specimens, see DNA extraction. For
re-extracted sequences failing to amplify after high OD260 readings, QIAGEN Master Mix
and Go Taq were both used (reaction mix V table 2.3) with themocycler protocol A (table
2.4). In later testing, after testing primer concentration and the master mix was verified to be
working (See trobleshooting amplification failure), the thermocycler was changed to protocol
B (see table 2.4). Samples that failed using protocol B were run in a nested PCR using
protocol C (table 2.4) with reaction mix III (table 2.3) (See trobleshooting amplification
failure). Any remaining templates that failed to amplify were tried with thermocycler
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protocol C (table 2.4), reaction mix IV (table 2.3) was run to amplify potential target DNA
(See trobleshooting amplification failure).

Gel Electrophoreses
Electrophoreses was carried out in an E.C. Apparatus corporation EC 105
electrophoresis chamber with 1X TBE buffer (10.8 g Tris-Base, 5.5 g Boric Acid, and 0.584
g EDTA per one liter of deionized water) using a two percent agarose gel (2 g agarose and
100 mL 1X TBE buffer). All samples, loading dyes and ladders were mixed by vortexer
prior to use. All PCR products were checked for the presence of amplified cytochrome
oxidase 1 gene (CO1). Purified PCR products were re-checked, so band intensity could be
used to gauge purity of amplified CO1 against a ladder (New England Biolabs fast DNA
Ladder N3238S, and Qiagen DM01) with known concentration for sequencing.
The agarose mixture was microwaved (GE model:JES0601T 002) for two minutes
before being poured into a casting chamber with two 14 well combs and allowed to cool for
30 minutes. The DNA ladder was thawed while the agarose gel was cooling. Initial lane
samples were prepared by combining 3 µL of QIAGEN 10X loading dye with 5 µL samples
until the loading dye was exhausted. In later samples, 2 µL loading dye (3 mL Glycerol, ~12
mg xylene cyanol per 10 mL of water) was combined with 6 µL of sample. Samples were
pipetted up and down with dye at least 10 times to ensure thorough mixing.
The gel electrophoresis chamber was set to 180 (+/-4) volts for 25 to 30 minutes, with
loading dye as a progress indicator. Completed gels were placed in an ethidium bromide bath
(~one µg/mL) for 20 to 30 minutes to allow ethidium bromide to insert itself into DNA as a
fluorescent marker. Each gel was photographed using an ultraviolet light gel viewer (Bio
21

Rad Molecular Imager Gel Doc XR 170-(1870/1871)) and adjusted, analyzed, and labeled
using Quantity One software (Version 4.6.5 Build 094).

PCR Purification
All PCR products with verified target sequences were purified using the Qiagen
QIAquick PCR Purification Kit and the manufacturers protocol (Qiagen® 2008), except that
the final PCR products were extracted into 1.7 mL polypropylene micro centrifugal tubes.
Thirty µL of buffer EB (Qiagen) were added to maximize product concentration and to elute
the DNA from the column after being given five minutes to absorb into the filter. The mini
spin column final elutions were spun at 8,000 rpm (>6,000 x g) for two minutes. Each mini
spin column was then placed in a second 1.7 mL polypropylene micro centrifugal tube and
25 µL of Buffer EB were added to create a back up sample of purified PCR mix with the
same protocol.

Troubleshooting amplification failure
When a band did not show on the gel, the DNA extract was checked in a
spectrophotometer (Thermo Spectronic Biomate 3). The spectrophotometer was first
calibrated by measuring a blank cuvette with deionized water. Samples were run by
combining 90 µL of deionized water with 10 µL of sample which was vigorously mixed in
the cuvette by pipette at least 10 times. The spectrophotometer then calculated absorption by
dividing the amount of 260 nm light that passed through the sample by the amount of light

22

that passed through the blank. If the spectrophotometer showed no DNA , the sample was reextracted and re-amplified.
Because of the number of samples that showed positive DNA extraction but failed to
amplify, several additions and modifications to the protocol were developed to eliminate
potential causes of inhibition during amplification. For DNA that had detectable absorption
(see table 2.5) but still failed to amplify, testing was done to determine if the QIAGEN
master mix had degraded. Testing began by using a template that had worked previously as a
positive control in a lane adjacent to template that was not working to verify that the
components of the PCR reaction were working. With ladder (New England Biolabs fast
DNA Ladder N3238S) failing to show up well, ethidium bromide concentration was
suspected and replenished. The test was repeated, but the ladder was very faint indicating
likely degradation of the ladder. A new ladder (Qiagin DM01) was used and QIAGEN
Master Mix was compared to Go Taq (ProMega Green 5x) to determine whether the master
mix was partially responsible for amplification failure.
With templates that still failed to amplify from nested PCR or PCR with increased
template (see figure 2.2), a primer concentration gradient was tested using Qiagen master
mix and GoTaq (ProMega Green 5x). Primers were tested at four concentrations shown in
table 2.6. A mix with a working template and a target sequence was used to test if high
primer concentration was causing inhibition. Each specimen had two PCR mixes at every
concentration, with one being the Qiagen master mix and the other being GoTaq, reaction
mix V in table 2.3 was used. This was the most effective change and started to yield bands
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that had failed to appear before, indicating that high primer concentration likely had led to
inhibition.
Table 2.5 Quantity of reagents in PCR of low dsDNA templates detected
through spectrophotometry using 260 nm absorption ratios.
dsDNA concentration
Template Primer Master Mix Reaction
(µg/mL)
(µL) (µL each)
(µL)
size (µL)
less than 2.5 µg/mL
10
1
6.5
18.5
between 2.5µg/mL and 4.5 µg/mL
7.5
1
6.5
16
between 5.0 µg/mL to 10 µg/mL
10
2.5
12.5
27.5
Table 2.6 Primer molarities used to test for
inhibition during amplification.
µL sterile water
µL primer
primer molarity
98 µL
2 µL
~2 µM
96 µL
4 µL
~4 µM
100 µL
10 µL
~9 µM
100 µL
20 µL
~17 µM

Since inhibition was the suspected cause of failure for target sequence amplification,
a gradient of diluted DNA from re-extracted (see DNA extraction) samples was used. When
all else failed, amplification inhibition in the PCR reaction was reduced by both adding more
template and increasing the thermocycler to 55 cycles (see PCR). If inhibition was
suspected, PCR thermocycling was changed to protocol B (table 2.4) and a nested PCR from
a test of increased DNA concentration was done. With all remaining templates failing to
yield a band on the gel, reaction mix IV (table 2.3) was used with thermocycler protocol C
(table 2.4) to give the best chance of target sequence amplification.

Sequencing
Only purified PCR products with bands appearing in the agarose gel were sent for
sequencing. Ten µL of each purified sample along with five µL of each primer used per
sample were sent to the University of Florida for sequencing. PCR reactions were run with
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both primers (i.e. forward and backward) to increase the odds of obtaining a sequence. To
ensure an optimal signal, chromatograms were checked to ensure the purity of the sequences.

Data compilation and Phylogenetic computation
Sequences were imported in FASTA format into MEGA sequence analyzer (Tamura
et al. 2011). All sequences were aligned using clustalW. Overhangs were erased to keep
comparisons parsimonious and to prevent false pairing. Pairwise distances were calculated
between all sequences using the Jukes Cantor model. A neighbor joining tree was computed
to group specimens and visualize distances between them. Overall pairwise distnaces within
and between groups on the tree and on either side of the Sierra Nevada Mountains were
calculated to show percent divergence.
Character based trees were calculated to confirm the distance based neighbor joinnig
tree. A maximum parsimony tree was calculated using 200 initial trees and 500 bootstrap
replications to reveal the most likely relatedness of the sequences as based on the fewest
mutations. The maximum parsimony tree is a character based method and is considered a
more accurate test comapred to distance beased tests (Hall 2011). A maximum likelihood
tree was constructed with 2000 bootstrap replications using the Tamura-Nei model. To
choose the best settings for maximum likelihood, MEGA 5 has a best model selector tool
which I used with the settings in table. The maximum likelihood is a character based test
designed to evaluate the probabilities of changes in a sequence.
To determine whether genetic distance differed between populations, a program in
Matlab Version 5 (The Mathworks 1997) was written by C. Kloock. This program calculates
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the probability that sub-populations have larger genetic distances than expected under the
assumption of random mating between sub-populations, using the permutation method
described in Hudson (2000).
Haplotype diversity was explored by grouping all single nucleotide polymorphisms
and assigning specimens to a haplotype. Haplotypes were organized by tree grouping and
collection location to distinguish any trends. Using pie charts on a map to indicate
haplotypes, diversity was visualized among the five sub populations, between western and
eastern specimens, and overall.
Sequences were placed in FASTA format and the reading frame for the codon was
found using Stothard’s (2000) open reading frame finder. Since the chosen primers select for
a coding region, this tool looked at the strand and shifted the reading frame and reported
when the sequence had a stop codon. Results identified the sequences as the reverse (-) non
coding strand, and only had an open reading frame in the second frame shift. Sequences of
Mimetus hesperus and Theridion neomexicanum are uploaded and are available on NCBI at
accession numbers in table 2.12.
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Table 2.12 GenBank accession numbers (NCBI) of all
nucleotide sequences used in tokogenetic trees and
significance testing. Specimen code translation: CJ =
Cramer Junction, EM = Earlimart (Private Property), PV =
Panorama Vista Wildlife Preserve, RR = Red Rock Canyon
State Park, SJER = San Joaquin Experimantal Range, and
VV = Victorville *Sequence reading frame and amino

acid sequence found using open reading frame finder
(Stothard 2000).
Species
Specimen code
Accession #
M. hesperus
PV2
KF963056
M. hesperus
PV5
KF963057
M. hesperus
PV6
KF963058
M. hesperus
PV10
KF963059
M. hesperus
PV12
KF963060
M. hesperus
RR2
KF963061
M. hesperus
RR5
KF963062
M. hesperus
RR6
KF963063
M. hesperus
EM1
KF963064
M. hesperus
EM3
KF963065
M. hesperus
EM4
KF963066
M. hesperus
EM7
KF963067
M. hesperus
SJER1
KF963068
M. hesperus
SJER2
KF963069
M. hesperus
SJER3
KF963071
M. hesperus
SJER4
KF963070
M. hesperus
VV1
KF963072
M. hesperus
VV2
KF963073
M. hesperus
VV3
KF963074
M. hesperus
VV4
KF963075
M. hesperus
VV5
KF963076
M. hesperus
VV6
KF963077
T. neomexicanum
CJ(C)
KF963078
T. neomexicanum
EM(C)
KF963079
T. neomexicanum
RR(B)
KF963080
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Chapter 3: Results
Sequencing
Seventy spiders were collected from seven locations. Analysis revealed that
chelicerate forward 1 paired with HCO2198 was the only primer pair that produced a pure
chromatogram in both species under investigation. After purifying PCR products, 28 M.
hesperus and seven T. neomexicanum showed a band visible with ethidium bromide staining
and were sent for sequencing. Since so few T. neomexicanum sequences amplified and
sequenced clearly, calculating their tokogeny was abandoned, and they served as an outgroup
to calculate the tokogeny of M. hesperus instead. Twenty two M. hesperus sequences were
acceptable and used in data analysis in MEGA (Tamura et al. 2011).

Genetic distance calculations
A neighbor joining tree revealed three groups (Figure 3.1), but were at most one
percent different when grouped and compared using pairwise distances (Table 3.2). Pairwise
distance calculations revealed that West 1 and West 2 were more distant than East and West 1
with an overall distance of 0.007. The sub populations on either side of the mountains were
not significantly different according to Hudson's (2000) nearest neighbor statistic (table 3.3)
so the populations on each side of the mountains were pooled and treated as a single
population. Hudson’s (2000) nearest neighbor statistic for the pooled populations reveals
significant differences between the populations on the western vs. eastern sides of the Sierra
Nevada (p<0.005, table 3.3).
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Table 3.1 Pairwise distance between all specimens.
Specimen code PV2 PV5 PV6 PV10 PV12 RR2
PV 2 {West 1}
PV_5 {West 2}
0.01
PV_6 {West 1}
0.00 0.01
PV 10 {East}
0.01 0.01 0.00
PV_12 {East}
0.01 0.01 0.00 0.00
RR_2 {East}
0.01 0.02 0.01 0.01 0.01
RR_5 {East}
0.01 0.01 0.01 0.00 0.00 0.01
RR 6 {East}
0.01 0.01 0.00 0.00 0.00 0.01
EM 1 {West 1} 0.00 0.01 0.00 0.00 0.00 0.01
EM_3 {West 2} 0.01 0.00 0.01 0.01 0.01 0.02
EM_4 {West 1} 0.00 0.01 0.00 0.00 0.00 0.01
EM 7 {West 2} 0.01 0.00 0.01 0.01 0.01 0.02
SJER_1 {West 1} 0.00 0.01 0.00 0.00 0.00 0.01
SJER_2 {West 2} 0.01 0.00 0.01 0.01 0.01 0.02
SJER_3 {West 1} 0.00 0.01 0.00 0.00 0.00 0.01
SJER 4 {West 2} 0.01 0.00 0.01 0.01 0.01 0.02
VV 1 {East}
0.01 0.01 0.01 0.00 0.00 0.01
VV_2 {East}
0.01 0.01 0.01 0.00 0.00 0.01
VV 3 {East}
0.01 0.01 0.01 0.01 0.01 0.00
VV 4 {East}
0.01 0.01 0.00 0.00 0.00 0.01
VV 5 {West 2}
0.01 0.00 0.01 0.01 0.01 0.02
VV_6 {East}
0.01 0.01 0.01 0.00 0.00 0.01
EM7 SJER1 SJER2 SJER3SJER4 VV1
SJER_1 {West 1} 0.01
SJER_2 {West 2} 0.00 0.01
SJER_3 {West 1} 0.01 0.00 0.01
SJER 4 {West 2} 0.00 0.01 0.00 0.01
VV 1 {East}
0.01 0.01 0.01 0.01 0.01
VV_2 {East}
0.01 0.01 0.01 0.01 0.01 0.00
VV 3 {East}
0.01 0.01 0.01 0.01 0.01 0.01
VV 4 {East}
0.01 0.00 0.01 0.00 0.01 0.00
VV 5 {West 2}
0.00 0.01 0.00 0.01 0.00 0.01
VV_6 {East}
0.01 0.01 0.01 0.01 0.01 0.00

RR5

RR6 EM1 EM3 EM4

0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01
0.00
0.01
0.00
VV2

0.00
0.01
0.00
0.01
0.00
0.01
0.00
0.01
0.00
0.00
0.01
0.00
0.01
0.00
VV3

0.01
0.00
0.01
0.00
0.01
0.00
0.01
0.01
0.01
0.01
0.00
0.01
0.01
VV4

0.01
0.00 0.01
0.01 0.00
0.00 0.01
0.01 0.00
0.00 0.01
0.01 0.01
0.01 0.01
0.01 0.01
0.01 0.00
0.00 0.01
0.01 0.01
VV5 VV6

0.01
0.00
0.01
0.00

0.01
0.02
0.01

0.01
0.00

0.01

Table 3.2 Pairwise distances within and between tree groupings, collection
sites and between all specimens.
Tree grouping
Collection site
Overall
Within Between
Within Between
West 1 West 2
West
West 1 0.001
West 2 0.000 0.009
West
0.005
East
0.005 0.006 0.010
East
0.006 0.008
0.007
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Table 3.3 Table of statistical difference findings
computed through Nearest Neighbor Statistics (Hudson
2000).
Populations compared
p Value
Between Eastern populations
Between Western populations
East Vs. West

> 0.25
> 0.25
< 0.005

Figure 3.1 Neighbor Joining tree of M. hesperus cytochrome oxidase I subunit c from spiders
around the Sierra Nevada Mountains and their genetic relation using MEGA 5 (Tamura et al. 2011).
Highlightedin specimens were collected from the Mojave Valley. All other specimens excluding the
outgroup were collected from the San Joaquin Valley. Distinct genetic groups are bracketed and
labeled.

Haplotype diversity
Despite grouping in trees, only 16 nucleotides or 2.8% of the sequence has changes
with eleven distinct haplotypes seen in 22 M. hesperus (Table 3.4). Three predominant
haplotypes account for approximately 64% of all haplotypic diversity (Table 3.4 and Figure
3.2). When haplotype diversity is organized by collection location, haplotype two and three
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account for 78% of the diversity in western populations, and haplotype four accounts for
22% in eastern populations (Table 3.5 and Figure 3.2).
Haplotype four is the only haplotype shared by eastern and western subpopulations
(Figure 3.2). The two eastern subpopulations have eight haplotypes which is double the
number of haplotypes seen in the three subpopulations collected in the west (Table 3.5 and
Figure 3.2). Most haplotypes share a change at position 105 with haplotype four (Table 3.4).
All haplotypes share single nucleotide polymorphisms seen in haplotypes two, three, or four
(Table 3.4).
Table 3.4 Single nucleotide polymorphism haplotype variations of M. hesperus
around the Sierra Nevada Mountains. Note- position and nucleotide shift based on
the reverse non-coding strand. *- transversion
SNP
48 54 81 99 105 108 162 210 216 273 306 357 380 381 450 525
Position
Haplotype C A T C A T C A T T A A A T T T Total
1
— — — — — C — — — — — G — — — — 0.05 (1)
2
— — — — — — T — C C — — — C — — 0.23 (5)
3
— — — — — — — — — — — G — — — — 0.23 (5)
4
— — — — G — — — — — — — — — — — 0.18 (4)
5
A* G — — G — — — — — G — — — — C 0.05 (1)
6
— — — — G — — — — — — — — — C — 0.05 (1)
7
— — — — G — — — — — — — G — — — 0.05 (1)
8
— — — — G — — G — — — — — — — — 0.05 (1)
9
A* G — — G — — — — — — — — — — C 0.05 (1)
10
— — — A* — — T — C C — — — C — — 0.05 (1)
11
— — C — G — — — — — — — — — — — 0.05 (1)
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Table 3.5 Haplotype diversity based on tokogenetic trees and
actual locations of specimens. Decimal reflects percentage of given
population while number in parentheses is physical number of
specimens with haplotype.
Tree grouping
Specimen locations
East
West 1
West 2
East
West
Haplotype
1
0
0.17 (1)
0
0
0.08 (1)
2
0
0
0.83 (5)
0
0.39 (5)
3
0
0.83 (5)
0
0.08 (1)
0.39 (5)
4
0.4 (4)
0
0
0.22 (2)
0.15 (2)
5
0.1 (1)
0
0
0.11 (1)
0
6
0.1 (1)
0
0
0.11 (1)
0
7
0.1 (1)
0
0
0.11 (1)
0
8
0.1 (1)
0
0
0.11 (1)
0
9
0.1 (1)
0
0
0.11 (1)
0
10
0
0
0.17 (1)
0.11 (1)
0
11
0.1 (1)
0
0
0.11 (1)
0

Figure 3.2 Geographical distribution of haplotypic
diversity within and between populations of M. hesperus
across the Sierra Nevada Mountains. Meduim chart
indicates divesity on either sid eof the mountains. Large
pie chart indicates haplotype diversity of all specimens.
Image from google maps.
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Character based trees
The character based maximum parsimony (Figure 3.3) and maximum likelihood trees
(Figure 3.4) are in consilience with the genetic-distance based methods of the neighbor
joining tree, and nearest neighbor statistic. The maximum parsimony and maximum
likelihood trees (Figure 3.3 and 3.4) have identical in-group branching patterns with differing
bootstrap scores. Both show three distinct genetic populations of M. hesperus labeled East,
West 1, and West 2.

Figure 3.3 Consensus Maximum Parsimony tree of M. hesperus cytochrome
oxidase I subunit c from spiders around the Sierra Nevada Mountains at 50%
bootstrap values cut off and their genetic relation using MEGA 5 (Tamura et al.
2011). Bolded names are specimens from the Kern Valley, while italicized
names are specimens from the Mojave Valley. Underlined names are outgroups
rooting the tree.
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Figure 3.4 Maximum Likelihood tree of M. hesperus cytochrome oxidase I
subunit c from spiders around the Sierra Nevada Mountains at 50% bootstrap
values cut off and their genetic relation using MEGA 5 (Tamura et al. 2011).
Bolded names are specimens from the Kern Valley, while italicized names are
specimens from the Mojave Valley. Underlined specimens are outgroups rooting
the tree.
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Chapter 4:Discussion
Discussion
Unfortunately, the failure to successfully amplify enough DNA from Theridion did
not allow testing the idea that ballooning allows spiders to circumvent the geographic barrier
represented by the Sierra Nevada mountain range. Future studies of genetic variation in
spiders captured while ballooning in these different locations may be better suited to testing
this idea than attempts to sample stationary populations on either side of the barrier. In
particular, such a technique would guarantee that the spiders sampled balloon in significant
amounts, and greatly increase the potential sample sizes, since the most abundant ballooning
spiders can be chosen for the analysis. Estimates of genetic diversity both within and
between populations are available for the first time, though they lack statistical power due to
small sample size.
Pairwise distance calculations (Table 3.2) and haplotype diversity (Table 3.5 and
Figure 3.2) show the eastern population is more genetically diverse than the western
population. Grouped by a neighbor joining tree (Figure 3.1), we see pairwise distance in the
eastern population is greatly increased by Red Rock Canyon State Park (RR) 2 and
Victorville (VV) 3 which share four single nucleotide polymorphism's (SNP) including a
transversion at position 48 (Table 3.4). These shared characters may be signs of another
predominant haplotype in the eastern population that the sample size is not large enough to
detect. Most haplotypes in the eastern population appear to be based on haplotype four
(Table 3.4). Haplotype four is the only haplotype seen on both sides of the Sierra Nevada
Mountains and it seems unlikely that a reversion from any of the six eastern haplotypes
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sharing the SNP at position 105 (Table 3.4) led to haplotype four, but with a sample size this
small a reversion to a predominant haplotype is not out of the question.
Some of the specimens collected were calculated within the opposing population
because of similar haplotypes and pairwise distances. Specimens from Panorama Vista
preserve (PV) 10 and12 were grouped in the eastern population with RR6 and VV4 because
six other haplotypes shared the SNP at position 105 with RR6 and VV4, anchoring it to the
eastern population (Table 3.4). Likewise, VV5 grouped in the western population because it
shared haplotype two’s SNPs (Table 3.4), anchoring it to the West 2 group which is most
genetically distant from the eastern population (Table 3.2).
Anecdotal evidence hints that the divergence of M. hesperus may have occurred from
west to east across the Sierra Nevada Mountains. With identical haplotype diversity,
Earlimart (EM) and San Joaquin Experimental Range (SJER) appear to be a continuous
population (Figure 3.2), but with only eight individuals and more than 60 miles separating
them, more data is needed to assess these populations. A continuous population of a spider
with such low prevalence could indicate long term establishment in the San Joaquin Valley.
Panorama Vista and eastern sub populations share haplotype four, which then appears to split
into six other haplotypes in eastern populations (Figure 3.2). This could indicate a branching
event over the Southern Sierra Nevada Mountains from the San Joaquin Valley into the
Mojave Valley in the past. However, a small sample size and lack of additional DNA and
ecological evidence for the divergence of M. hesperus makes this a guess at best.
Populations separated by the Sierra Nevada Mountains appear to be reproductively
isolated from one another, supporting the hypothesis that the Sierra Nevada Mountains act as
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a barrier to gene flow in M. hesperus. Although bootstrap values are low in the character
based trees (Figure 3.3 and 3.4), consilience between the character based trees and the
distance based permutation test (Table 3.3) and neighbor joining tree (Figure 3.1) are good
evidence for correct placement despite some unexpected grouping.
Results show unexpected groupings which may warrant further study. It is unknown
why Panorama Vista 10, 12, and Victorville 5 are grouping in the opposing population, but it
is worth noting these are the closest populations on opposite sides of the Sierra Nevada range
(Figure 2.1). Despite being more than 100 miles apart (Figure 2.1), individual M. hesperus
from both the San Joaquin experimental range and Panorama Vista preserve grouped in both
West 1 and West 2 populations on the trees (Figures 3.1,3.3, and 3.4).
The data suggest that the M. hesperus populations sampled that are not separated by
the Sierra Nevada are connected by enough gene flow to prevent significant divergence.
Given what is known about this spider, this is surprising even with the small sample size, as
there is little about these spiders to suggest that they are able to disperse large distances in
significant numbers. While larger sample sizes are certainly needed to confirm this, there are
several possibilities that could explain how M. hesperus may be able to maintain gene flow.
First, given the small local population sizes, ballooning even at low levels may have
significant effects on the genetic structure of these small populations. Ballooning studies
indicate that Mimetids do balloon at a very low rate (Salmon and Horner 1977 and Dean and
Sterling 1985). On the west side of the Sierra Nevada Mountains a low level jet stream
forms parallel to the Mountain in the winter and has the potential to allow spiders to balloon
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great distances with speeds exceeding 20 m s-1 (Parish 1982). This wind pattern could help
facilitate dispersal between populations.
Synanthropic transport is another potential method for dispersal. Given that M.
hesperus is known from several agricultural crops, including grapes (Costello and Daane
1998), cotton (Dean et al 1982) and citrus (Llinas-Gutiérrez and Jiménez 2004), which are
common in the Central Valley of California on the West side of the Sierra Nevada Mountains,
it is possible that hitchhiking on agricultural equipment could move individuals significant
distances and provide a route for gene flow. Although there is little agriculture in the Mojave
desert on the East side of the Sierra Nevada Mountains, this region does have significant
transportation corridors, which could provide routes for hitchhiking on recreational and
commercial vehicles that move through the area. However, if this was a major contributor, it
would seem that the significant amount of traffic between the Central Valley and the Mojave
would likely provide gene flow between these areas as well, which is not indicated by these
data. Many other phenomena such as flash floods, dust devils, and animal migration could
transport individuals and contribute to genetic homogeneity within each valley.
At this point, not enough is known about the ecology and dispersal behavior of this
species to support any of these potential mechanisms for gene flow. Further study on the
habits of this rare and interesting spider will be needed to attempt to explain the puzzle of
how such a seemingly inept disperser is able to maintain population homogeneity across the
distances measured in this study.

38

Conclusion
The Sierra Nevada Mountains appear to separate populations of M. hesperus in the
Central Valley and in the Mojave more than distance alone. Though the evidence is weak
due to the small sample size and failure to resolve a comparable tree of T. neomexicanum,
results of both character and distance based trees (Figure3.1, 3.3, and 3.4) show three distinct
populations of Mimetus hesperus spiders. A permutation test (Hudson 2000) using genetic
distance (Table 3.3) is in consilience with phylogenetic trees (Figure 3.1, 3.3, and 3.4) and
supports the idea that M. hesperus has been unable to cross the Sierra Nevadas in significant
numbers, isolating spiders on either side within their own populations. Pairwise population
divergence reveals trends that indicate that eastern populations are more diverse than western
populations, but much larger sample sizes are needed to confirm these suspicions. Haplotype
diversity also follow these trends, and hint that populations may have crossed from the west
to the east, but this is at best a guess. While small sample size makes any conclusions
somewhat tentative, M. hesperus populations collected over 100 miles apart on the west side
of the mountains showed no significant divergence indicating that there is some mechanism
of gene flow linking these populations.
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