San Jose State University

SJSU ScholarWorks

Master's Theses Master's Theses and Graduate Research

Fall 2012

Microsatellite and mitochondrial DNA analysis of Dungeness crab
(Cancer magister) from California to northern British Columbia

Bryan Thomas Barney
San Jose State University

Follow this and additional works at: https://scholarworks.sjsu.edu/etd_theses

Recommended Citation

Barney, Bryan Thomas, "Microsatellite and mitochondrial DNA analysis of Dungeness crab (Cancer
magister) from California to northern British Columbia" (2012). Master's Theses. 4222.

DOI: https://doi.org/10.31979/etd.nwc5-6rfx

https://scholarworks.sjsu.edu/etd_theses/4222

This Thesis is brought to you for free and open access by the Master's Theses and Graduate Research at SUSU
ScholarWorks. It has been accepted for inclusion in Master's Theses by an authorized administrator of SUSU
ScholarWorks. For more information, please contact scholarworks@sjsu.edu.


https://scholarworks.sjsu.edu/
https://scholarworks.sjsu.edu/etd_theses
https://scholarworks.sjsu.edu/etd
https://scholarworks.sjsu.edu/etd_theses?utm_source=scholarworks.sjsu.edu%2Fetd_theses%2F4222&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.sjsu.edu/etd_theses/4222?utm_source=scholarworks.sjsu.edu%2Fetd_theses%2F4222&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@sjsu.edu

MICROSATELLITE AND MITOCHONDRIAL DNA ANALYSIS OF DUNGENESS
CRAB (CANCER MAGISTERFROM CALIFORNIA TO NORTHERN BRITISH
COLUMBIA

A Thesis
Presented to
the Faculty of the Department of Biological Science

San José State University

In Partial Fulfillment
of the Requirements for the Degree

Master of Science

by
Bryan Thomas Barney

December 2012



© 2012
Bryan Thomas Barney

ALL RIGHTS RESERVED



The Designated Thesis Committee Approves the THébesl

MICROSATELLITE AND MITOCHONDRIAL DNA ANALYSIS OF DUNGENESS
CRAB (CANCER MAGISTERFROM CALIFORNIA TO NORTHERN BRITISH
COLUMBIA
by

Bryan Thomas Barney

APPROVED FOR THE DEPARTMENT OF BIOLOGICAL SCIENCES

SAN JOSE STATE UNIVERSITY

December 2012

Dr. Leslee Parr Department of Biological Sciences

Dr. Joshua Mackie Department of Biological Sciences

Dr. Brandon White Department of Biological Sciences



Abstract

MICROSATELLITE AND MITOCHONDRIAL DNA ANALYSIS OF DUNGENESS
CRAB (CANCER MAGISTERFROM CALIFORNIA TO NORTHERN BRITISH
COLUMBIA
by
Bryan Thomas Barney
Genetic variation was assessed using mitochondhN# and microsatellite

markers from Dungeness crab between Iceberg B#isiB€olumbia and San Luis
Obispo, California. We found little pattern in oak genetic variation between sites in
both marker types, and no significant IsolatiorCigtance model was fit. Site-specific
variation in mitochondrial DNA haplotype frequercguggested the existence of three
subpopulations associated with the Alaska CurtbetPuget Sound, and the California
Current, but microsatellite DNA evidence did nopgart it. The ratio between sampling
size for microsatellite markers and fragment sialgmorphisms was low, limiting the
resolving power of microsatellite DNA for neutranation. Average pairwides; values
for Iceberg Bay, British Columbia against all otpepulations was 0.156, as compared
to the average pairwige; of 0.028 across all populations. In the southiegion of the
Puget Sound, Nisqually, Washington had a lowemps&F; of 0.044 but contained a
large number of site-specific, unique mtDNA happmy. Additionally, we found 41
mMtDNA haplotypes in 445 samples taken, with 23hoke haplotypes as “singletons,”
suggesting that Dungeness crab went through atrquest-bottleneck population

expansion, likely associated with the most recéatigl relaxation.
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Introduction

The Dungeness cralBéncer magisterDana 1852) is a decapod crustacean found
along the North American Pacific shore in bays estiaries from the Aleutian Islands in
Alaska southward to Point Conception, Californitais a heavily fished species,
characterized by wide fluctuations in yearly larg$in The fishery is managed by
multiple state and federal agencies through se&fishang periods, limited permitting,
male-only fishing, and age limits by minimum careg@aize. None of the current
management methods include the assessment of ¢witiyeaf the fished populations
and assume that populations in heavily fished andélabe replenished by continued
recruitment of new juveniles from nearby, lessdhegions.

ForC. magisterlarvae are the primary means of long-range dsgpeas adults
typically operate in a home range between f &nd 10 krfi (Stone & O’Clair 2001).C.
magisterlarvae have a typical development period of 3-stn®e, depending on water
temperature (Poole 1966, Wild 1983). During depsient,C. magistedarvae grow
through five zoeal stages and one megalops phase@metamorphosing to a benthic
juvenile crab (Wild 1983). It is within these lahphases that primary dispersal happens,
and the long pelagic larval duration gives the poppes a high dispersal potential
(Palumbi 2003, Shanks et al. 2003, but see Wee&ifmgpnen 2009). Larvae are
released seasonally by females between Decembéypaihdwith southern populations
typically releasing eggs in the earlier months aadhern crab releasing eggs in the later
months (Cleaver 1949, Butler 1956, Lough 1976, ViB83). Larvae released earlier

likely travel northward along the Davidson curraittich is at the surface from



December to late February or early March (Huyexl e1989). As the Davidson current
relaxes and is replaced by the California curremetime in late February to March,
those larvae released later in the season arg likdle transported southward by the
California current. This potential for the travadref larvae in either direction likely leads
to genetic connectivity through gene flow betweebpopulations, but understanding the
magnitude of the spatial scale at which there estve dispersal is challenging (Wing et
al. 1995, Sponaugle et al. 2002).

Direct measurement of oceanic larval dispersabresma technological challenge,
so indirect measures, such as estimation of gemetfirough genetic inference, are
heavily relied upon (See reviews in Cowen & Spot@a2§09, Hellberg 2009, Selkoe &
Toonen 2011). Several studies have investigategakential dispersal distances and
barriers to dispersal of marine organisms usingtiemformation (Kelly & Palumbi
2010, Galindo et al. 2010, Pinsky et al. 2010),livil¢ has been done to investigate gene
flow and population connectivity i@ancer magister Early electrophoretic investigation
showed little variation (Soule & Tasto 1983). Srhen, several sets of microsatellites
have been isolated (Toonen et al. 2003, JensenngzBe 2004, Kaukinen et al. 2004) for
use in population differentiation investigationt ey were utilized in only one study
within British Columbia (Beacham et al. 2008), wdnéttle evidence of genetic structure
was found. This is unsurprising, as differencdsvben subpopulations should be
negligible when there is a high amount of gene-flmiween subpopulations through
migration (Slatkin 1973, Galindo et al. 2010). efdare, however, examples where

DNA evidence has been used to discover sharp gdoretaks in otherwise continuous



populations of other marine invertebrates (Reelbv&®& 1990, Sotka et al. 2004). In
addition, there is the potential for localized HErrvetention and recruitment, leading to
smaller dispersal scales even in marine specidslong pelagic larval duration (Taylor
& Hellberg 2003).

The objective of this study was to investigatedbaetic connectivity of
Dungeness crab between central California and eortBritish Columbia using both
mitochondrial DNA and nuclear markers (microsated). We sampled adult Dungeness
crab across ~2500 km of the Pacific coastline toftesignals of population
substructure and limitations to gene flow acrosseatological range. We were
additionally interested to see if there is genetitlence of larval retention within Puget
Sound, as there is recruitment-based evidencaopttenomenon (Dinnel et al. 1993,

Mcmillan et al. 1995).

Methods
Sampling

Between June and September 2009, 20-25 adult eratessampled at 14
sampling locations (Figure 1) using either recal ring-nets or commercial crab pots.
Non-lethal sampling consisted of removal of thérigfth walking leg at the coxa.
Oregon samples were collected in coordination wighOregon Department of Fish and
Wildlife. British Columbia samples were collectedcoordination with Fisheries and
Oceans Canada. Anacortes, llwaco, and Grays Hadmples were collected by the

author. All other samples were collected in cooation with the Washington



Department of Fish and Wildlife or Native Ameridaitval biologists, depending on the
management agency appropriate to the specific sagnlplcation. Samples were frozen
(on dry ice in the field, at -20° C in the lab) iissue extraction. DNA sequences from
California samples (listed as CAEU, CASF, CASL iguUfe 1) collected in 2005 (Lardy
2005) were included to give greater breadth of@giohl range coverage to the sample

set.

BCIB: Iceberg Bay, BC, Canada
BCFR: Fraser River delta, BC, Canada
WABB: Birch Bay, WA

WAAN: Anacortes, WA

WAEV: Everett, WA

WASH: Shilshole, WA

WANQ: Nisqually, QA

WAHS: Hood Canal (south), WA
WAHN: Hood Canal (north), WA
WADB: Dungeness Bay, WA
WAGH: Grays Harbor, WA
WAIL: llwaco, WA

ORYB: Yaguina Bay, OR

ORAB: Alsea Bay, OR

CAEU: Eureka, CA

CASF: San Francisco, CA
CASL: San Luis Obispo, CA

55°N

50°N

45°N

CAEU \

CASF

40°N

CASL
130°W  125°W  120°W
Figure 1: Sampling locations used in this study. Samplitgssare indicated by dots on
the map above. Between 20 and 25 samples weeztadl at each site between June and
September 2009. California samples (CAEU, CASH,@ASL) were collected in 2005
(Lardy 2005)

35°N

DNA Isolation, PCR, and Sequencing

Muscle tissue was removed from beneath the caragdbe largest proximal

segment of the right fifth walking leg and total BM/as isolated using the Qiagen



DNEasy® Blood and Tissue Kit. DNA extractions wehecked for quality via agarose
gel electrophoresis, and quantity was measuredj@sianoDrop® ND-1000
spectrophotometer prior to use in PCR.

A 302-bp fragment of the cytochrome ¢ oxidase subdyOI) mitochondrial
gene was amplified in a 50 PCR reaction which consisted of 1-20 ng total DNA
PCR buffer (10 mM Tris-HCI (pH 8.8 at 25°C), 2.5 nNCl,, 50 mM KCI, 0.1%
Triton® X-100), 1 unit of DyNAzyme™ Il DNA polymege (Finnzymes), 0.2 mM
dNTPs, 0.4 mM of each primer (see Table 1 for prisegjuences), and 0.4 mg/ml bovine
serum albumin. Thermocycler conditions consistieahanitial denaturation step at 94°C
for 5 min, followed by 35 cycles consisting of damation at 94°C for 30 s, annealing at
50°C for 45 s, and extension at 72°C for 60 s.c@mpletion, a final extension at 72°C
for 5 min was performed. PCR products were putiising the Qiagen QIAquick®
PCR Purification Kit according to manufacturer'stianctions and sequenced using the
forward primer at either Geneway Research (Hayw@#A),or Sequetech (Mountain
View, CA). Reverse sequencing was performed on &@D#be samples, including
samples with ambiguous sequencing results, to erikarvalidity of sequence calls from
forward sequencing.

Microsatellites were amplified using only the fidfl individuals from each site
sampled (BCIB through ORAB, no California samplesevavailable for amplification).
Seven microsatellite loci were amplified in 15 n@R reactions which consisted of 1-20
ng total DNA, 1x Qiagen Multiplex PCR Master Mix¢ludes PCR buffer, 6 mM

MgCl,, dNTPs, and HotStarTag® polymerase), 1x Qiagewl@isn, 0.2 mM of each



primer (Table 1 for sequences), and 0.4mg/ml B$Aermocycler conditions consisted
of an initial denaturation step at 95°C for 15 nfollowed by 40 cycles consisting of
denaturation at 94°C for 30 s, annealing at the@rispecific temperature (Table 1) for
60 s, and extension at 72°C for 60 s. On conyalet final extension at 60°C for 30

minutes was performed.

Table 1 Primer sequences, 5’ modifications, and anngdaémperatures used for all
PCR amplifications in this study.

Primer Sequence (5' - 3') 5'Tag? T’grr:;)e?é) RZfrien:sr:ce
COlI - Forward GGAGGATTTGGAAATTGATT n/a 50 (Harrison &
COlI - Reverse GTACAGGAAGGGATAGTAGT Crespi 1999)
Cmal02 - Forward TTCAGCTGCACTTCAGTGAT 6-FAM 5 (Kaukinen et al.
Cmal02 - Reverse CTGTAGTGAACTAAATTACTGTT 2004)
Cmal03 - Forward GTTCCAAATACAGTTGACC NED 5 (Kaukinen et al.
Cmal03 - Reverse GTCTTCCTATGTCCTCCTT 2004)
Cmal08a - Forward GCAGTAGGAACAGCAGCTGAT HEX 5 (Kaukinen et al.
Cmal08a - Reverse GTTTATTTCGTCACCAGAGAGA 2004)
Cma108b - Forward CAGGTGTGGTTGTGTCCCTTTA HEX 54 (Kaukinen et al.
Cmal08b - Reverse GTTCAGTTGAACCCAGAGTGACA 2004)
Cmall4 - Forward CAAGTAAGAGAATGGAATCGTATT 6-FAM 5 (Kaukinen et al.
Cmall4 - Reverse GTTTGCCAAAGAGCATCAGTGACAA 2004)
Cmall7 - Forward GTCTGAGACGAGCCAACATC NED 5 (Kaukinen et al.
Cmall7 - Reverse GTTTCAACAGGAAACATGAAATAGGAT 2004)
Cmal18 - Forward GGAGAGGGAGCGACTGTC NED 54 (Kaukinen et al.
Cmall8 - Reverse GTTTGGTGTATTACAAAACAACCAGTAA 2004)

Microsatellite fragment size analysis was perforraecin ABI 3100 Genetic Analyzer
(Applied Biosystems Inc., Foster City, CA) at therdmics/Transcriptomics Analysis
Core facility at San Francisco State Universityagment sizes were determined using
GeneScan Analysis Software v3.1 (Applied Biosystéms Foster City, CA). California
samples (CAEU, CASF, CASL) were not analyzed is tashion as the template DNA

was unavailable.



Data Analysis

All nucleotide base calls from mtDNA sequence triles were visually
confirmed prior to analysis. Sequences were atlgretng MEGA version 5.05 (Tamura
et al. 2011). A haplotype network for COI sequehaplotypes was constructed using
ARLEQUIN version 3.5.1.2 (Excoffier & Lischer 2018hd the minimum spanning tree
algorithm (Rohlf 1973). Pairwide,; differences (ag) between sampling sites were
calculated (Weir & Cockerham 1984) using FSTAT i@r.9.3 (Goudet 2001).
Following Hedrick (Hedrick 2005), pairwige; (or “Fs prime”) differences were also
calculated in FSTAT by first transforming haplotyipéormation to site-specific unique
haplotype names using recodeData (Meirmans 200&), dividing the observed pairwise
F<t values by the theoretical maximums obtained &féglotype transformation.
Pairwise Jost'® (Jost 2008) was determined using GenoDive vergidb21(Meirmans
& Van Tienderen 2004). For all pairwise comparisets F, Fsi, and Jost'D),
Spearman rank coefficient tests were performedguSienePop version 4.1.0 (Rousset
2008), and Mantel tests were performed using FSmAJrder to test the fit to an
isolation by distance model. Tajimds(Tajima 1989), Fu's-s (Fu 1997), and Fu and
Li's F* andD* (Fu & Li 1993) were calculated using DnaSP ver&d0.01 (Librado &
Rozas 2009)

For microsatellites, Exact Tests for departure fidandy-Weinberg equilibrium
(using the Markov chain method), linkage disequilitn, and pairwis&haq; differences

for each microsatellite locus were calculated uskemePop as were pairwiB&q;



differences for the 7 loci combined. Pairwise '3d3twas determined for all loci
combined using GenoDive. For all mtDNA and mictefiies combined, Spearman
rank coefficient tests were performed using GeneRBog partial Mantel tests for
isolation by distance were performed using FSTATe&t the fit to an isolation by

distance model.

Results
Mitochondrial DNA

A total of 445 mtDNA COI sequences generated weblapgsed down to 41
unique haplotypes. Of the 41 haplotypes foundo2%6% of all haplotypes) were
“singletons” found in only one individual withinehentire population. Nearly all (37 of
41, ~90%) of the 41 haplotypes sequenced (inclutthegnajor haplotypes 1, 2, and 3)
coded for the same amino acid sequence within@2e@sequenced range. Summary
statistics for mtDNA variation within each samplisite and for the overall sampled
population are shown in Table 2. In general, theae relatively low nucleotide diversity
(n), ranging from 0.15% to 0.53% and an overall papoh diversity of 0.37%. The
transition to transversion ratio (Bswas 24.2, showing a very high bias towards
transition mutations. Haplotype diversity was tigkely high, ranging from 0.6 to 0.8 in
most sampled locations due to the presence ofja larmber of low-frequency site-
specific haplotypes. The highest haplotype divgi$i=0.835) was found in Nisqually,
Washington (WANQ), at the southern end of the P&geind. Haplotype diversity was

much lower (=0.30) in Iceberg Bay, British Columbia (BCIB), thss location was



dominated by haplotype 1 individuals. The largenbar of low-frequency haplotypes
throughout the sampled population was reflectatiénstrongly negative score for both

Fu's Fs and Tajima’'D.

Table 2: Summary of mtDNA sequence variability from Dungss crab sampled in
2005 and 2009n: number of samples from site; nucleotide diversityk: avg. number
of nucleotide differences; #haplo: number of hagles at siteh: haplotype diversity.
For Fu'sFs, Fu and Li'sF* andD*, and Tajima’dD, statistically significant results are
shown in bold with asterisk(s) (* = p < 0.05; **p=< 0.01).

Sample n V4 k # haplo. h Fu's Fs FUF‘% Li FUD% Li Tajiga’s
BICB 25 0.00150 0.453 5 0.30 -2.992 -0.51% -0.203 -1.158
BCFR 25 | 0.00371 1.120 8 0.63D -3.902| -3.090 * -3.049 * -2.158 *

WABB 21 | 0.00413| 1.248 8 0.719 -3.897 -1.934 -1.876 -1.981*

WAAN 24 0.00425 1.283 8 0.732 -3.431 -2.087 -1.903 -1.940*

WAEV 25 | 0.00272| 0.820 5 0.657 -1.355 -0.142 -0.203 -1.158

WASH 24 0.00402 1.214 7 0.788 -2.460 -1.050 -0.97 -1.514

WANQ 22 | 0.00526] 1.589 6 0.835 -0.754 -0.709 -0.63%  -1.102

WAHN 25 0.00371 1.120 7 0.76 -2.664 -1.731 -1.741 -1.886*

WAHS 21 0.00271 0.819 4 0.586 -0.414 -0.133 -0.142 -1.164

WADB 19 | 0.00387| 1.170 6 0.602 -1.878 -1.014 -0.827 -1.62

WAGH 24 0.00464 1.402 6 0.761 -0.973 -2.479 -2.449 -2.159 *
WAIL 25 | 0.00419| 1.267 8 0.797 -3.383 -0.91§ -0.71}  -1.682
ORYB 25 0.00413 1.247 7 0.72y -2.290 -2.022 -2.042 -1.886*
ORAB 21 | 0.00375 1.133 6 0.752 -1.802 -1.215 -1.247  -1.727
CAEU 37 | 0.00320 0.967 6 0.709 -1.482 -0.74Y -0.702 -1.564
CASF 52 0.00275 0.831 8 0.630 -3.735 -1.974 -1.899 -1.748
CASL 30 0.00430 1.299 10 0.80D -5.367 -2.46Y -2.368 -2.008 *

OVERALL | 445 | 0.00369| 1.113 41 0.708 | -51.291 ** -3.780 * -3.951 * -2.321 **

A haplotype network was constructed from the 4lusage haplotypes using the
minimum spanning network output from ARELQUIN (Figi2). The morphology of the
network reveals a “star phylogeny” of mtDNA sequehaplotypes centered on the three

most frequent sequences, haplotypes 1, 2, andl&areasing frequencies. This is in



agreement with the highly negative FEsand Tajima’'D scores, indicating that there
may be either recent population expansion drivirgggeneration of novel, low-frequency
haplotypes through mutation, or positive selecitrameasing the relative frequency of the

selected haplotypes.

Haplotype 1

Haplotype 2 Haplotype 3
(n=111) (n=151)

(n = 207)

Figure 2: Haplotype Network of mtDNA sequences. Each liaenecting two circles
(regardless of length) is indicative of one nudkb®difference between haplotypes. For
the major haplotypes (1, 2, and 3), the numbendividuals with that haplotype are
indicated. The population size for each of theaigmng haplotypes are indicated by
circle size (For haplotype 4, n=12. For haplot8pe=6. The remaining haplotypes have
4 or less individuals in the population sampleBllack circles indicate missing steps to
existing haplotypes.

Direct selection on this sequence is unlikely tHouas nearly all of the sequence
haplotypes (37 of 41) code for the same cytochromgbunit | amino acid sequence.
Selection could still be possible on a nearby, gueaced section of mtDNA, leading to

the increase in these identical DNA sequences gffirégenetic hitchhiking” (Barton

10



2000, Kim & Stephan 2000).

To test population substructure, pairwksg Fs{, and Jost'D values were
determined for each subpopulation pair (Tables and 5, respectively). Pairwifg
(Weir & Cockerham 1984) results revealed substedtuthe overall population (Table
3). Iceberg Bay (BCIB), the northernmost sampléhef dataset, has 9 of 16 pairwisg
comparisons that are both high (between 0.13 &1 @nd statistically significant (p <
0.05). The average pairwisg for BCIB was 0.156, compared to the overall pasefis;
average of 0.028 across all subpopulations. NIBgO&ANQ) also has 9 of 16
comparisons that are statistically significant, tnaF; values are smaller than the
pattern seen in BCIB (average = 0.044), and Grays Harbor (WAGH) had 6 significan
comparisons (averad&; = 0.053). The greatest pairwiBgdifference seen between all
subpopulations was 0.309, comparing BCIB to WAGQMie to recent arguments over
the validity ofF or its relative G, as a comparator for population differentiations{J
2008, 2009, Ryman & Leimar 2009, Heller & Siegism2009), particularly in systems
that are highly polyallelic, pairwides (Hedrick 2005) and Jostl3 (Jost 2008) values
are presented here for comparison (Tables 4 arespectively). The same pattern of
population differentiation with BCIB, WANQ and WAGemerges in all three of these

analyses.

11



BCIB BCFR WABB

VDIID

WAEV WASH WANQ
WAHN WAHS WADB
WAGH WAIL ORYB
CAEU CASF CASL

JV D

Figure 3: COI mtDNA frequencies for each sampled site, adan a roughly north-
south orientation. Haplotype 1 is shown in blugglbtype 2 shown in red, and haplotype
3 shown in yellow. Unspecified haplotypes are shangrey. Haplotype 8 (purple) was
rare but frequently present in northern samplegldigpe 21 (green) was found only in
the WANQ sample, and at high frequency (4 of 22useqes, or ~18%). Note the
increase in frequency of haplotype 1 in northetessand the increase in haplotypes 2
and 3 in southern sites.

Site-specific frequencies of each major haplotypeal a trend of increasing the
frequency of both haplotypes 2 and 3 in southeah@es (Figure 3). Although
haplotypes 1, 2, and 3 are present in every sartiy@es is very little overlap of other

sequence haplotypes. Haplotype 8 was found infleguency within several northern

sample sites (BCFR, WABB, WAAN, WAHN, WADB, and W), but was absent in all

12



southern sampling locations. Nearly every samfadedtion (with the exceptions of
Iceberg Bay (BCIB), Northern Hood Canal (WAHN), akidea Bay (ORAB)) had at
least one “singleton” site-specific mtDNA haplotypesent. In Nisqually (WANQ), a
site-specific haplotype was present at a high feegy, found in 4 out of 22 samples

(shown in green, Figure 3).

Microsatellites

All microsatellite loci were found to be in Hardyeéiberg equilibrium when
tested using the entire population, though somieNece found to be out of equilibrium
on a per-locus, per-site basis (Table 6). All H¥&Hures fit an excess heterozygosity
model better than a heterozygote deficiency mdtelyjgh none are statistically
significant for either model. In addition, all iogere found to be in complete linkage
disequilibrium using GENEPOP with the Markov chaiethod (10000
dememorizations, 20 batches, 5000 iterations pehhaMost loci had between 6 and 9
alleles in the entire sampled population, but Cr8didd 16 alleles and Cmal08a had 17
alleles. These are quite highly polymorphic faample size of 10 individuals (20
alleles) per locationRhq; was determined for each locus at each sampliragitot
(Table 7). Cmal08a had a highaqin both the BCFR and WAAN locations (0.390 and

0.189 respectively), while the average acrossaatigse comparisons was 0.030.
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Table 3: PairwiseFg values (Weir & Cockerham 1984) for mtDNA COI seqces. Pairwis€ values are below the
diagonal, p-values for estimations are above thgatial. Statistically significant pairwisg; values are shown in bold and
level of significance signified by * (p < 0.05) ®r(p < 0.01). Average value of all pairwi$g; values for each sampling site

is shown in the bottom row.
BCIB | BCFR | WABB | WAAN |WAEV |WASH |WANQ |WAHN |WAHS |WADB |W AGH | WAIL |ORYB |ORAB |CAEU |CASF | casL

BCIB 053 | 0414 | 0111| 0021 0004  0.00 002 0182 904 0000 | 0001| 0068 0051] 0001 0027  0.019
BCFR | 0.047 0725 | o764 | 0371| 0176 0013 045 070 08B0 1600 0120 | 0571 | 0244 0062 0113 0237
WABB | 0077 | -0.017 0714 | 0132 | 0227| 0048 0767 0794  10d0 0042 9207 0858 | 0880 | 0151 0035  0.44
WAAN | 0096 | -0.019| -0.024 0271 | 0122 | o0151| 0533] 0621 078 0040 0216 8303 0441 | 0070 | 0029  0.309
WAEV | 0.172% | 0012 | 0022 | -0.001 0318 | 0030 | 0651| 0493 0214  0.15 0.3§1  0.287 4104 0521 | 0408| 0.662
wasH | 9227 | o048 | 0032 | 0018| -0.009 0030 | 0808 | 0138| 0075 0134 o086 0080 0572 970.d 0300 | 0571
waNQ | 9255 | 0077+ | 0.040%| 0024 | 0.035* | 0.011* 0092 | 0042 | 0034| 0077 0064 0068 0110 0084 000.d 0.059
WAHN | 0178* | 0017 | -0.003| -0.010| -0.0200 -0.024  0.00] 0665 | 0517 | 0534| 0968] 0654 099 0438 0200 380.4
WAHS | 0055 | -0026| -0024| -0019 000  0.04p 0.067* | 0.004 0.808 | 0078 | 0141| 0945 0726 0336 0.1 0.560
WADB | 0027 | -0.031| -0030| -0018 0033 0060 0.082* | 0024 | -0.035 0027 | 0130 | o0616| 0381 0074 o009l 030
wagH | 9399 | 0109% | 0.072*| 0057+%| 0023 | -0.001| o0004| -0.007 0.084 0.120* 0415 | 0164 | 0427| 0269 0003  051p
waiL | 9263 | o071 | o050 | 0030| 0000 -0.02 0.00 0024 0065 .080 | -0.018 0121 | 0608 | 0.178| 0094 0533
ORYB | 0119 | -0.002| -0.020| -0.018 000§ 0020 002  -0.017-0.020 | -0010| 0034| 0.029 0.955 | 0159 | 0.009| 0.376
ORAB | 0160 | 0009 | -0.020| -0.016] -0.016 -0.05 0000  DOB -0.010 | 0009 | -0001| -0.004  -0.033 0381 | 0286 | 0.808
caeu | %1% | 0036 | 0025 | o0010| -0022 0012 0.018* | -0023 | 0021 | o0051| -0002] -0.01] 0006  -0.0{0 0035 | 0213
CASF | 0131+ | 0008 | 0027+ | 0006*| -0.019 | 0006 | 9968 | o001 | o008 | o0028| %968 | o028 | 0025 | 0004 | 0.004* 0.092
CASL | 0178* | 0024 | 0009 | -0.003| -0.012 -0.01 0.00 0035 0019003 | 0002 | -0013| -0003 0023 0018  0.0d

Avg | 0156 | 0023 | 0013 | 0007 | 0013 | 0023 | 0044 | 0002 | 0015 | 0028 | 0053 | 0033 | 0008 | -0.001 | 0017 | 0.025 | 0.010
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Table 4: PairwiseFg values (Hedrick 2005) for mtDNA COI sequencesiniiae Fs{ values are below the diagonal,
theoretical maximunksvalues are above the diagonal. Statistically sicgift pairwise-s/ values are shown in bold and level
of significance signified by * (p < 0.05) or ** (9 0.01) — these values are carried over from thialipairwiseF;

calculations (table 3). Average value of all pag@k values for each sampling site is shown in thednottow.

BCIB | BCFR | WABB | WAAN | WAEV |WASH |WANQ |WAHN |WAHS |WADB W AGH | WAL |ORYB |ORAB |CAEU | CASF | CASL
BCIB 053 | 0501 | 0487| 0522 0461  044) 0470 0565 6205 0472 | 0452 | 0487| 0485 0473 0508 0439
BCFR | 0.088 0327 | 0320 | 0357| 0204 027 0305 0391 0383 0503 028 | 0322 | 0311 0328 037  o0.28p
WABB | 0.153 | -0.053 0274 | 0313 | o0249| 0222 0260 034 0338 0260 4103 0277 | 0264| 0287 0333  0.238
WAAN | o198 | -0.059 | -0.088 0306 | 0243 | 0217| 0254 0334 033 0284 0286 7104 0258 | 0281 | 0326 0233
WAEV | 0.320*% | 0034 | 0070 | -0.004 0281 | 0256 | 0202| 0377 0369 029 0273 0308 9702 0315 | 0358 | 0270
wasH | %492 | o163 | 0128 | o0072| -0.031 0191 | 0220 | 0313| 0304 0224 o021 0246 022 5702 0303 | 0.208
WANQ | 0578* | 0.286* | 0.178+| 0112 | 0.138* | 0.059* 0203 | 0288 | 0278 0202 0184 022 0206 0283 8103 0.183
WAHN | 0.379% | 0057 | -0013| -0.041| -0.069 -0.104  0.004 0324 | 0315 | 0240| 0222 0257 0244 0267 0313 2003
WAHS | 0007 | -0067| -0068| -0.056 000§  0.147 0.231* | 0.012 0406 | 0324 | 0305| 0341 0331 0346 0388 03
WADB | 0048 | -0.080| -0089| -0055 008§  0.22f 0.295* | 0.075 | -0.086 0315 | 0296 | 0332 0321 033 038  0.29
wAGH | 085 | 0356+ | 0277+| 0226%| 0077 | -0.005| o0019| 0030  0.266 0.380* 0221 | 0256 | 0243 0267 0313 0219
waiL | 9582 | 0248 | 0207 | 0120| 0001 0132 002  -0109 02140302 | -0.081 0238 | 0225 | 0250| 0207] 0.202
ORYB | 0244 | -0007| -0103| -0065 0029 008, 0090  -0.05-0.058 | -0.029 | 0133| 0.120 0261 | 0283 | 0328 0236
ORAB | 0331 | 0030 | -0077| -0063 -0053 -0.066 0002 ®15 -0031 | 0029 | -0.004] -003] -0.12 0272 | 0318 | 0223
caeu | %43 | 0110 | o089 | 0036| -0070| -0.046 0079*% | -0085 | 0061 | 0150 -0.007 -0.045 0028  -0.049 0333 | 0247
CASF | 0260* | 0022 | 0.080* | 0.020%| -0.052 | 0021 | %24 | 0004 | 0020 | 0073 %2 | 0004 | 0077 | 0013 | 0.012* 0.292
cASL | 0406+ | 0085 | 0036 | -0013| -0.045 -0003 0025 -01]2 00620122 | 0008 | -0.065| -0012 0105 -0054  0.033
Avg 0328 | 0076 | 0045 | 0022 | 0027 | 0057 | 0148 | -0.015 | 0047 | 0090 | 0155 | 0091 | 0020 | -0023 | 0037 | 0070 | 0017
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Table 5: Pairwise Jost'® values (Jost 2008) for mtDNA sequences. Pairisalues are below the diagonal, distance (in
km) between sampling locations is above the diagésano repeated subsampling takes place fomtl@asurement, no
statistical significance is assessed. Averageevafuall pairwise Jost'® values for each sampling site is shown in thednott

row.

BCIB BCFR WABB | WAAN | WAEV | WASH |[WANQ |WAHN |WAHS |[(WADB W AGH WAIL ORYB ORAB CAEU CASF CASL

BCIB 1176 1132 1092 1121 1120 1204 114 11638 1031 10p2 1721 1362 1390 1755 2225 2500
BCFR 0.112 44 84 201 200 284 220 243 145 456 534 726 754 11019 1589 1864
WABB 0.160 0.092 40 157 156 240 176 199 101 412 492 682 719 1075 5154 1820
WAAN 0.184 0.083 0.092 117 116 200 136 159 61 372 562 642 67( 1035 15p5 80 17
WAEV 0.250 0.124 0.170 0.120 37 121 93 116 90 401 481 691 699 1064 1534 1809
WASH 0.398 0.232 0.242 0.199 0.112 84 92 115 89 400 480 690 698 1063 153B 1808
WANQ 0.486 0.336 0.298 0.248 0.239 0.231 176 199 173 484 564 774 782 1147 161y 1892
WAHN 0.253 0.122 0.105 0.093 0.087 0.118 0.197 23 109 420 500 710 718 1083 1553 1828
WAHS 0.116 0.069 0.088 0.089 0.112 0.222 0.296 0.101 132 443 523 733 741 1106 1576 185
WADB 0.099 0.070 0.086 0.099 0.164 0.286 0.352 0.1138 710.0 311 391 581 609 974 1444 1719
WAGH 0.541 0.366 0.340 0.299 0.174 0.15Y 0.196 0.1*59 980.7 0.391 80 270 298 663 1133 1408
WAIL 0.481 0.293 0.298 0.239 0.131] 0.084 0.2113 0.123 690.2 0.341 0.109 190 218 583 1053 1328
ORYB 0.210 0.110 0.080 0.096 0.131] 0.201 0.228 0.0y7 8%0.q 0.111 0.230 0.229 28 393 863 1138
ORAB 0.336 0.189 0.158 0.146 0.100 0.108 0.179 0.0y1 510.3 0.210 0.117 0.113 0.102 365 835 1110

CAEU 0.319 0.165 0.176 0.136 0.057 0.092 0.192 0.0y4 370.1 0.202 0.113 0.092 0.124] 0.064 470 745

CASF 0.197 0.089 0.144 0.100 0.048 0.107 0.273 0.086 930. 0.131 0.236 0.155 0.134 0.114 0.07¢ 275

CASL 0.366 0.198 0.196 0.154 0.104 0.096 0.198 0.093 840.1 0.238 0.145 0.108 0.147 0.089 0.08p 0.113

Avg 0.282 0.166 0.170 0.149 0.133 0.180 0.260 0.119 0.149 0.187 0.243 0.205 0.143 0.140 0.131 0.131 0.157
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Table 6: Summary statistics for all microsatellite lotiWE: number of tests (out of 14)
that fail Hardy-Weinberg equilibrium test; # alleleaumber of alleles found in the
sampled population (n=140, 10 individuals per samgpsite);Ho: observed
heterozygosityHe: expected heterozygositighq: averageRhq; for each locus over all
subpopulations.

HWE # alleles Ho He Rhog
Cmal02 0 9 0.663 0.736 0.005
Cmalo3 1 8 0.743 0.721 -0.009
CmalO8a 2 17 0.650 0.706 0.120
Cmal08b 1 9 0.789 0.735 0.015
Cmall4 1 7 0.575 0.562 -0.011
Cmall7 0 6 0.672 0.579 0.038
Cmalls 0 16 0.814 0.852 -0.019

Overall 0.701 0.699 0.044

PairwiseRha;; was calculated for each individual locus and tbloai combined,
and pairwise Jost® was calculated for all loci combined (Table 8heTmost
differentiated subpopulation among all sampledtiooa was the Fraser River delta
(BCFR), with an average pairwisha; across all loci of 0.203, nearly an order of
magnitude higher than all other sampling locatiand the overall averadgehq, of
0.030. This is likely driven entirely by the Cm&#0allele frequencies at BCFR, and
could be a product of the lower sample size tdial@riation ratio at this locus. This
phenomenon was seen but not in as exaggeratetkansthe pairwise Jostd
calculations, where the average Jobt®r BCFR was 0.057 as compared to the overall

average Jost® of 0.008.
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Table 7: AverageRhaq; for each locus at each sampling location. Eadlevig the
average of all pairwisBha; comparisons from that sample site to all other@arsites.

Cmal02 Cmal03 Cmal08a Cmal08b Cmali4 Cmally Cmal]JS All loci
BCIB -0.020 -0.018 0.019 -0.013 -0.030 0.047 0.024 0.012
BCFR 0.040 -0.016 0.390 -0.009 0.000 0.075 -0.02 0.203
WABB -0.013 0.000 0.045 0.001 -0.012 0.004 0.004 0.024
WAAN -0.035 -0.029 0.189 -0.023 0.039 -0.015 -0.017 ®.06
WAEV -0.013 0.018 0.011 0.050 0.031 0.047 -0.029 0.009
WASH 0.008 -0.025 0.026 -0.001 -0.021 -0.003 -0.021 9.0}
WANQ 0.031 0.001 0.006 0.001 -0.024 -0.001 -0.034 0.011
WAHN -0.026 -0.014 0.007 0.010 -0.033 0.048 -0.037 ©.0(
WAHS -0.020 -0.021 0.014 -0.016 -0.042 0.057 -0.01¢ 9.07
WADB -0.024 0.030 0.092 0.094 0.054 -0.020 -0.04 0.034
WAGH -0.001 -0.008 0.010 0.011 -0.011 0.008 -0.00% 0.043
WAIL 0.123 -0.044 0.008 -0.013 -0.035 0.011 -0.024 0.039
ORYB -0.031 -0.001 0.015 0.020 -0.051 -0.022 -0.017 0B.0
ORAB -0.019 -0.021 0.015 0.000 -0.021 0.011 -0.017 0.005
Avg 0.000 -0.011 0.061 0.008 -0.011 0.018 -0.018 0.030

Test for Isolation by Distance

PairwiseFg, Fs, and Jost'® comparisons for all loci combined (mtDNA and
microsatellites) showed an isolation by distandégpa of differentiation when analyzed
via Mantel test in FSTAT (p < 0.001, all cases}, tmily Jost'sD showed that same
pattern when analyzed by Spearman rank coeffioe@enePop (p < 0.001). When the
two types of markers were separated and analyz&NAstill showed an isolation by
distance pattern by Mantel test only (p < 0.02},rhicrosatellites did not support this.
This pattern of isolation by distance may have ldr@ren solely by the different mtDNA
haplotype frequencies in the northernmost BCIB dapgs when that sample was
removed from the analysis, no isolation by distgpattern could be seen in any

combination of markers. This supported the findititat the BCIB site is different from
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the remaining sample locations, but that therétis to no regional structure among the

Pacific coast Dungeness crab (California, Oregod,\&ashington coasts).
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Table 8: PairwiseRhq;and Jost'D for all microsatellites combinedRhq; values are below the diagonal, JoBt'salues are
above the diagonal. Average values for b and Jost'D for each sampling site is shown in the bottomv#sto

BCIB | BCFR | WABB | WAAN |WAEV |WASH |WANQ |WAHN |WAHS WADB W AGH | WAIL |ORYB |ORAB
BCIB 0.088 -0.022 0.006 -0.011 -0.03p -0.017 -0.007 09.0 -0.033 0.096 -0.029 0.019 -0.015
BCFR 0.247 0.103 0.008 0.032 0.107 0.05% 0.00p 0.049 0.096 380.0 0.062 0.026 0.069
WABB -0.046 0.311 0.079 0.039 -0.004 0.023 -0.02 0.008 0.036 0.0p00.015 0.085 -0.004
WAAN 0.082 0.040 0.136 0.010 0.015 0.015 0.014 0.003 0.068 0.080 -0.007 0310. 0.040
WAEV -0.015 0.179 0.019 0.023 -0.036 0.002 -0.072 -0.00¢4] -0.008 -0.001 -0.083 02D.| -0.049
WASH -0.001 0.268 0.000 0.087] -0.01b 0.011 -0.031 -0.038 -0.011 0.031 -0.062 0.0p5 9.05
WANQ -0.042 0.209 -0.038 0.065] -0.004 0.011 -0.019 0.017 -0.027 0.065 -0.00p 0.006 0.000
WAHN -0.028 0.217 -0.040 0.062 -0.008 -0.039 -0.080 -0.071 -0.037 -0.027 -0.044 -0.010 -0.049
WAHS 0.003 0.132 0.010 0.015] -0.00y¢ -0.005 -0.020 -0.044 0.000 0.053 -0.069 0.05¢4 -0.018
WADB -0.009 0.303 -0.029 0.154] 0.031 0.006 -0.0p3 -0.0330.020 0.086 -0.006 0.024 0.005
WAGH -0.005 0.210 0.013 0.045] -0.026 -0.012 -0.023 .02 -0.028 0.036 0.019 0.022 -0.018
WAIL 0.043 0.243 0.049 0.083] 0.014 -0.008 0.064 -0.017 .01 0.014 0.054 -0.002 | -0.072
ORYB -0.019 0.210 -0.013 0.043 -0.043 -0.0%1 -0.05 4p0.q -0.028 -0.004 -0.043 -0.014 -0.008
ORAB -0.038 0.278 -0.041 0.095] -0.026 -0.046 -0.06 40.J -0.004 -0.014 -0.014 -0.001  -0.031
Avg Rhog 0.012 | 0.203 0.024 0.066 0.009 0.014 0.011 -0.006 0.004 0.034 0.013 0.039 | -0.005 [ 0.005
Avg D 0.002 | 0.057 0.027 0.028 | -0.012 | -0.006 | 0.010 -0.029 -0.002 0.015 0.038 | -0.021 | 0.019 | -0.013
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Discussion
Genetic Structure

Genetic structure in Dungeness crab has beenuiff determine. Attempts
have been made to assess subpopulation diffeienti@oule & Tasto 1983, Beacham et
al. 2008) with little substructure discovered. Sts unsurprising, as the current thought
IS most marine organisms with a long pelagic ladwahtion (PLD) should show little
neutral population substructure, though there ayeraents against this notion (Palumbi
2003, Shanks et al. 2003, but see Weersing & To@06A). In order to maintain genetic
connectivity through gene flow between subpoputetiof a species, the dispersal
distance must be greater than the distance betthiesa subpopulations. Organisms
with longer PLDs have theotentialto disperse farther, as they are in the watemgolu
longer and thus experience the flow of currentsaftonger period. Whether this
potentialis realized or if PLD and genetic distance areatated at all is still under
debate - many attempts have been made to genesigbattern for PLD and genetic
differentiation (Weersing & Toonen 2009, Lowe & éfidorf 2010, Selkoe et al. 2010,
Selkoe & Toonen 2011), although no clear pattemyed to emerge.

In this study, we found little evidence of geneaiucture over larger geographic
distances in this species (~2500 km). IsolatioIsfance (IBD) models had a
statistically significant fit only when includinhe most northerly population in Iceberg
Bay. This pattern is due to both its geographit genetic distance from the remainder
of the sample population. When that subpopulatiaa removed from the analysis, no

generalized IBD model was a statistical fit. Imdgidn, the IBD models that did fit all
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were based on the mitochondrial DNA analyses; whemosatellites were analyzed
alone, no IBD model was a statistical fit, everuding the northern Iceberg Bay sample.
It was, therefore, the different mtDNA haplotypeduencies in Iceberg Bay alone that
drive all statistical power for signals of IBD.

Drift/migration equilibrium is different for mitodndrial alleles versus nuclear
alleles (microsatellites) due to the varying natoyevhich these alleles are altered by
drift. Each offspring has two separately inheriéddidle copies for any region in the
autosomal genome but only one allele per mitochahgenome. The effective
population size of mitochondrial alleles can belfar reduced by maternal inheritance
patterns, if present in the study population. Gerwift has a stronger influence driving
variation in the mitochondrial genome as it hagiold less overall material to buffer
allele frequency changes within the populationthé species were limited in dispersal
either by distance or ecological barriers, gendtiit would affect all subpopulations
differentially. As the only subpopulations thabshmeasurable signals of genetic drift
are the Iceberg Bay (BCIB) and, to a smaller degteeNisqually (WANQ) and Grays
Harbor (WAGH) samples, an explanation for this heisuikely to be oceanographic in
nature.

The splitting of the North Pacific current into therth-flowing, counter-
clockwise Alaskan current system and the southifigvCalifornia Current system when
it approaches the Washington coast (Dodimead &B&B) sets up the potential for the
separation of subpopulations of marine organishayae released within the Alaskan

gyre are likely to be transported northward, theavgard along the Aleutian Islands, and
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are very unlikely to travel southward and westwagdin to reach coastal Washington or
more southern populations. Likewise, larvae reddasithin the California / Davidson
current system are very likely to mix either norétnds or southward depending on the
timing of both the release of eggs and the timihthe spring transition of the California
current. The current is constrained, howeverandporting larvae northward past
coastal Washington, as the strength of the Davidsorent diminishes at these latitudes
where it competes with the opposing North Pacifyees This system sets up the
potential for a soft larval dispersal barrier aldhg northern Washington coastline.

This structure of the current systems as theyaatarear the coast can explain the
variability we saw in the data. The Iceberg Baypke, the only one taken within the
Alaska gyre system, was significantly differentitDNA haplotype frequencies than all
other samples, consistent with experiencing gemktitthat is not mitigated by
migration. The Nisqually sample, at the extrematisern end of Puget Sound, was also
significantly different in mtDNA allele frequenciéisan all other samples, and even
included a high-frequency (~18%), private haplotypisqually lies at the southernmost
part of the Puget Sound in Washington, south offdemma Narrows bridge which spans
a pinchpoint in the drainage of the watershed syshat is only 1.4 km wide. The
potential for larval retention in this area is higls a large amount of water is separated
from the remainder of the Sound by this narrow clegdrand previous studies of
Dungeness crab (Beacham et al. 2008) have revtwdetarval retention is possible in
similar situations.

Lastly, we cannot ignore the possibility that natwelection has altered the
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mMtDNA sequence haplotype frequencies through gehdthhiking on some beneficial
local adaptation to the Iceberg Bay area. Multipkrkers would have reduced the
likelihood of mistaking either localized adaptatimngenetic hitchhiking for neutral
variation through genetic drift, but due to thehtygpolymorphic nature of the
microsatellite markers used and the sample sizntakeach population, no signals of
differential variation were seen within these maskéeaving only the mtDNA as a
reliable signal. Repeating this analysis withrgéa sampling size per location would

answer the question of neutral variation versualiped adaptation.

Population Expansion After a Bottleneck

Overall, there were a large number of sequenceohgyds for the mtDNA
segment of cytochrome ¢ oxidase subunit | usedt iohese (23 of 41, or ~56%) were
“singletons,” seen in only one individual withiretlentire 441samples. Only three of the
haplotypes sequenced were in frequencies greaers¥b within the population, and
these haplotypes were found in all sampling locetio This excess of rare but
effectively neutral mtDNA sequence haplotypes soaeen in the “star-phylogeny”
(Figure 2). For mtDNA haplotypes, both F&sand Tajima’D indices were highly
negative and highly significant, indicating statiatly that there is an excess of low-
frequency alleles in the population and suggesingcent post-bottleneck population
expansion (Tajima 1989, Fu 1997). Both of theseat®assume neutrality for the
markers used, which is likely for this marker: ofithe 41 haplotypes discovered, only 4

have non-synonymous mutations (haplotypes 31, @&3d 40), and these haplotypes
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are quite rare, describing only 1, 1, 2, and 1vidial each, respectively.

Range expansion northward after the relaxatiom@iast glacial period is a
phenomenon typically thought of in terms of temi@sbrganisms following the receding
glaciers, but this pattern is also seen in marngamsms of the eastern Pacific ocean
(Hellberg et al. 2001), where newly “uncovered” it@bopens up to population growth
and expansion. Oceanographic conditions were grednged during the Pleistocene
era, altering sea-surface temperatures, salimty,agher factors potentially important for
species range limitations (Sancetta 1983). Agtplation grows into this expanded
range, the DNA mutation rate does not change,Hmiabsolute number of mutations in
the population will increase in proportion to thepplation size. This will lead to a
pattern of a few haplotypes of high frequency (@ristl population), and a large number
of “new” low-frequency haplotypes or recent origivat are very closely related to those
historical haplotypes. This is the pattern weisemur haplotype network (Figure 2), and

further supports the findings of a recent postibo#ck population expansion.

Conclusions

Dungeness crab show little population structuressclarge geographic scales in
both mitochondrial DNA haplotype diversity and naisatellite DNA diversity. There is
small DNA evidence that oceanographic patterns segyrate the species into three
regimes: the Alaska gyre, the Puget Sound, an@#héornia Current system. To further
resolve this question, a new study should takeeptlaat specifically targets the question

of the existence of these three regimes. The custady effectively relied entirely on
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mitochondrial DNA evidence, as the resolving posemicrosatellites used herein was
diminished by the ratio of polymorphism to samplgige. In building on this work, a
larger sampling size would be required to utilize tesolving power of multiple
microsatellite loci in ensuring the neutrality o&rkers used.

Lastly, while Dungeness crab seem to fit the conoéppecies with long pelagic
larval dispersal having little genetic structureoss large geographic ranges, no strong
pattern of association between larval durationlantiation by Distance emerged.
Attempting to generalize larval connectivity onradder taxonomic scale through the
use of one simple species-specific characterigicgdelagic larval duration is a valiant
goal. But, as oceanographic conditions are comghekhighly localized (both spatially
and temporally) and each species has evolved gpespiroductive adaptations for larval
dispersal in response to that complexity (mostingw do with the seemingly exquisite
timing of reproduction, egg release, and larvabtion), perhaps a species-by-species

approach is more evolutionarily appropriate.
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