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Population Genetics of Seaside Sparrow (Ammodramus
maritimus) Subspecies along the Gulf of Mexico
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Abstract

Seaside Sparrows (Ammodramus maritimus) along the Gulf of Mexico are currently recognized as four subspecies, including
taxa in Florida (A. m. juncicola and A. m. peninsulae) and southern Texas (Ammodramus m. sennetti), plus a widespread taxon
between them (A. m. fisheri). We examined population genetic structure of this “Gulf Coast” clade using microsatellite and
mtDNA data. Results of Bayesian analyses (StrucTture, GENELAND) of microsatellite data from nine locations do not entirely align
with current subspecific taxonomy. Ammodramus m. sennetti from southern Texas is significantly differentiated from all
other populations, but we found evidence of an admixture zone with A. m. fisheri near Corpus Christi. The two subspecies
along the northern Gulf Coast of Florida are significantly differentiated from both A. m. sennetti and A. m. fisheri, but are not
distinct from each other. We found a weak signal of isolation by distance within A. m. fisheri, indicating this population is not
entirely panmictic throughout its range. Although continued conservation concern is warranted for all populations along
the Gulf Coast, A. m. fisheri appears to be more secure than the far smaller populations in south Texas and the northern
Florida Gulf Coast. In particular, the most genetically distinct populations, those in Texas south of Corpus Christi, occupy
unique habitats within a very small geographic range.
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Although the ESA does not specifically define diagnostic criteria
[6], population genetic techniques allow a more refined way to
identify unique populations and to infer patterns of gene flow

Introduction

Isolated populations of organisms inhabiting patchily distributed

habitat often form genetically or morphologically distinct popu-
lations that may be recognized as species or subspecies [1-3].
From a conservation standpoint, protecting multiple small
populations is important to preserving genetic diversity, but can
be difficult in practice [4]. The use of subspecies to identify
ecologically or morphologically distinct populations has a long
history in ornithology [3,5], but issues regarding diagnostic criteria
and the role of subspecies in conservation are continually debated
and refined (e.g., [6,7]). Furthermore, many subspecific designa-
tions predate the modern statistical analyses used to evaluate them
[8]. In the United States, the Endangered Species Act (ESA)
considers “distinct population segments” as potentially eligible for
special protections. Thus, it is important to understand whether
taxonomically recognized subspecies can reasonably be considered
distinct population segments with unique genetic or ecological
characteristics [3].

PLOS ONE | www.plosone.org

among them [3,5,6,9]. Several recent studies have found at least
some degree of concordance with population genetic data and
subspecific taxonomy (e.g., Melospiza melodia [10], Buteo lineatus
[11], Myioborus miniatus [12], Chondestes grammacus [13]), but
the vast majority of named avian subspecies have not been
evaluated using modern techniques and remain in place largely
due to “historical inertia” [8].

The Seaside Sparrow (Ammodramus maritimus) is largely
endemic to - and often abundant in - salt marshes along the
Atlantic and Gulf coasts of the United States; seven extant
subspecies are currently recognized [14] based on plumage, song,
or for some Atlantic birds, mtDNA (reviewed in [15]). The
presence of geographic variation in plumage [15] and song [16]
provides a basis for inferring limited gene flow among populations,
and some subspecies (e.g., A. m. nigrescens, A. m. mirabilis) have
been considered full species in the past [17]. The taxonomic
history of the Seaside Sparrow is complex, however, and has been
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complicated by the difficulty of interpreting subtle plumage
characters, within-population plumage variation, and by limited
numbers of specimens in fresh basic plumage in museum
collections. Furthermore, even obvious differences in plumages
among bird populations do not always correlate with genetic
differentiation (see e.g., [18]). Based on studies of mtDNA,
Ammodramus m. maritimus, A. m. macgillivrait, A. m. mirabilis, A.
m, nigrescens, and presumably A. m. pelonota form an “Atlantic”
clade (A. m. pelonota has not been analyzed due to lack of
specimens; [19,20]). Ammodramus m. mnigrescens and A. m.
pelonota have become extinct since the 1980s, although the
distinctness of the latter has been questioned [21]. The “Gulf
Coast” clade has a more convoluted taxonomic history [15,22—
24], but most recently consists of four subspecies (based on
plumage characteristics), from west to east along the Gulf Coast:
A. m. sennetti (not sampled by Avise and Nelson [20]), A. m.
fisheri, A. m. juncicola, and A. m. peninsulae [14]. The latter two
populations are currently listed as Threatened in Florida [25,26].
Given that at least one subspecies has gone extinct and other
named subspecies have quite narrow distributions, a modern
genetic analysis is needed to enable an assessment of conservation
risk for Gulf Coast Seaside Sparrows. In this paper we: (1) describe
population genetic structure of Seaside Sparrows along the Gulf
Coast; (2) ask whether genetically distinct populations align with
current subspecific taxonomy, and (3) discuss potential conserva-
tion risks based on a more refined understanding of the
distribution and genetic variation among these populations.

Methods

Birds were banded and bled under Federal Bird Banding Permit
22648, State Permits LNHP-11-06 and LNHP-12-023 (Louisiana),
SPR-1011-351 (Texas), LSSC-11-00096 (Florida), 21553-12-0010
(Laguna Atascosa National Wildlife Refuge), 21540-12-112 (Texas
Mid-Coast National Wildlife Refuge Complex), 4164-2011-002
(St. Marks National Wildlife Refuge), 01111210 (Florida Division
of Recreation and Parks), and 2011-001 (Rockefeller Wildlife
Refuge, Louisiana). This study was carried out in strict accordance
with the recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health. Protocols
were approved by the Institutional Animal Care and Use

Committee of the Louisiana State University AgCenter (Permit
Numbers: AE2011-04 and A2012-05).

Study area

We captured 374 Seaside Sparrows with mist nets at nine
locations across the northern coast of the Gulf of Mexico during
2012-2013 (Table 1, Fig. 1). Locations were chosen to include all
four currently recognized subspecies, and to sample throughout
the range of the subspecies with the broadest geographical
distribution (4. m. fisheri). Captured birds were banded with
numbered aluminum bands; a blood sample was taken from the
brachial vein and stored in Queen’s lysis buffer [27].

Laboratory methods

DNA was extracted using Qiagen DNeasy Tissue and Blood kits
(Qiagen Ltd.). We quantified extracted DNA concentrations with
a NanoDrop 2000 (ThermoScientific, Delaware, USA). DNA
from all individuals was amplified for 14 microsatellite loci: Aca01l,
Acall [28], Am02, Am12, Aml4, Am18, Am20, Am32 [29],
Aspl5 [30], Sospl3 [31], and ZoleC06, ZoleCl1l1, ZoleEll,
ZoleF11 [32]. Microsatellite primers were modified with a 19 bp
MI13 tag [33]. Polymerase chain reactions (PCR) were run in
10 uL volumes and included 3.00 mM MgCl,, 0.16 mM dNTPs,
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1X buffer (New England Biolabs), 0.04 uM forward primer,
0.38 uM reverse primer, 0.60 uM dye-labeled M13 primer, 0.5
units Taq polymerase, and 10 ng DNA. Amplification of some loci
was improved with the addition of dimethyl sulfoxide (DMSO;
0.30 puL) and betaine (1.0 uL) to the PCR (loci Aspl5, Aca0l,
AmO08, Aml4, Am32, ZoleC06, ZoleCl1, ZoleEll, ZoleFl11,
ZoleH02). The thermal cycling protocol was 94°C for 60s,
followed by 35 cycles of 94°C for 30s, annealing temperature
(60°C for most; 55°C for Aspl5 and Am 32) for 30s, 72°C for 30s,
and a final extension cycle at 72°C for 5 minutes. PCR products
were run on an Applied Biosystems 3730 capillary sequencer (Yale
University, New Haven, C'T, USA), and all genotyping was done
by a single individual (SW) using GENEMARKER (v. 1.97; Soft-
Genetics, LLC., State College, Pennsylvania). At least three
reference individuals were included on each plate to ensure
consistency between runs.

The mitochondrial nicotinamide adenine dinucleotide dehy-
drogenase subunit 2 (ND2; 1042 bp) was sequenced for 9-12
individuals from sampling locations 1, 2, 3, 6, 8 and 9 (total n = 64;
see Fig. 1). ND2 was chosen because it is both relatively long and
generally highly variable in birds [34], and mtDNA often provides
a different (presumably older) population history signal than
microsatellites (e.g., [13,35]). PCRs were run in 10 pL. volumes
with the following conditions: 1.50 mM MgCl2, 0.8 mM dNTPs,
1.25 uM each forward (L5215; [36]) and reverse (H6313; [37])
primers, 1X buffer, 2.5 units Taq polymerase, and 10 ng DNA.
The thermal cycling protocol consisted of 94°C for 30 s followed
by 34 cycles of 94°C for 30 s, 50°C for 30 s, 72°C for 60 s, and a
final extension step of 72°C for 7 minutes. Sanger single-pass
sequencing was performed at Beckman Coulter Laboratories
(Danvers, MA, USA). Sequences were aligned in SEQUENCHER (v.
5.1, Gene Codes Corp., Ann Arbor, Michigan) and deposited in
GenBank (accession numbers in Table 2).

Analytical methods

Microsatellite data were checked for evidence of null alleles and
potential scoring problems with MiCROCHECKER [38], and within-
population HWE and LD with GeNePop [39]. Population sample
characteristics (allele richness, observed vs expected heterozygos-
ity) were summarized with GENALEX ([40]; Table 3). Pairwise
population differentiation analysis (Fgr; 5,000 permutations to test
for significance) and Factorial Correspondence Analysis (FCA;
used to visualize degree of difference among population samples)
were performed in GENETIX [41]. Jost’s Dgr ([42]; as an alternative
to Fs1) was estimated in SMOGD [43]. We tested three subsets of
the data for isolation by distance (IBD) in IBDWS [44] using 5,000
iterations and Fgr/(1—Fsy) vs log km to explore the influence of
some of the samples: (1) all samples; (2) all samples excluding
putative A. m. sennetti (locations 1 and 2); (3) only samples of
putative A. m. fisheri (locations 3—7). Effective genetic population
size (N.) was estimated for all nine populations using the LD
method with a random-mating model, 0.05 as the lowest allele
frequency used, and a jackknife approach to estimating 95% CIs
in the program NEESTIMATOR [45]. We chose this LD method
because it is widely-used, incorporates a bias-correction for
calculating confidence intervals, and requires relatively few
assumptions regarding the samples [46]. An AMOVA of ND2
sequences was performed in ARLEQUIN (v. 3.5.1.2; [47]), using
genetic distances (Fgr) and pairwise differences (100 permutations)
for comparisons. A 95% confidence interval haplotype network
was constructed with TCS (v 1.21; [48]).

We used two Bayesian clustering programs to evaluate the
distribution of genetic structure within our study area. For Gulf-
wide analyses we used a reduced number of individuals from
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Figure 1. Map of sampling locations along the Gulf of Mexico. See Table 1 for details.

doi:10.1371/journal.pone.0112739.g001

locations 4 and 5 in order to maintain a more balanced number of
samples from each of the nine locations. In the program
STRUCTURE [v2.3.4; [49,50] we ran an admixture model (50,000
burn-in, 1,000,000 iterations) with correlated allele frequencies,
using sampling locations (locprior), and otherwise default settings
We performed 20 runs for each hypothesis of K=1-11. We
processed STRUCTURE output with STRUCTURE HARVESTER [51],
used cLUMPP [52] to condense data from multiple runs, and
created a graphic of population assignments with DISTRUCT [53].
We used GENELAND [54] to explore spatial models for both the
entire Gulf-wide dataset and two further subsets of the data. For
the Gulf-wide analyses we used a no-admixture and uncorrelated
allele frequencies model because IBD can cause problems for some
of these algorithms [55]. We performed 10 runs for each
hypothesis of K=1-11 (1,000,000 iterations; thinning =1,000).
Two additional GENELAND analyses were run to further explore
data from locations in southern Texas and Florida. To examine an
apparent hybrid zone near Corpus Christi, Texas we used a
correlated allele model and the admixture model for hybrid zones
(populations 1-3; 5 runs for K=1-3; 1,000,000 iterations,
thinning =1,000). To examine weak differentiation (based on
Fgr) of the two named subspecies sampled in Florida (locations 8
and 9) we used a correlated allele model (5 runs for K=1-2;
1,000,000 iterations, thinning = 1,000). For all GENELAND analyses

population genetic structure.

we set coordinate uncertainty to 0.3 to allow for the possibility of
different individuals captured at the same point to be assigned to
different populations. Because GENELAND algorithms may produce
“ghost” populations (i.e., inferred populations containing no
sampled individuals), especially at large spatial scales, we limited
our acceptance of GENELAND results to the most parsimonious
estimation of K that did not include “ghost” populations [54].
To further explore the apparent admixture zone near Corpus
Christi, Texas, we used two Bayesian approaches to estimate
historic (MIGRATE-N; [56,57]) and more recent (BAYESASss; [58])
geneflow among the three Texas sampling areas. MIGRATE-N (v.
3.6.4; [56,57]) estimates scaled population sizes (0 = 4N, where p
is the mutation rate) and migration rates (M =m/p, where m=
migration rate). We used a Bayesian framework and a Brownian
motion microsatellite model, with a proposed connection matrix
that included estimation of all © and M parameters with the
exception of migration between locations 1 and 3 (i.e., a ‘stepping
stone’ model), as direct migration between these two locations is
biologically unreasonable considering the sedentary nature of
Seaside Sparrows along the Gulf Coast [14]. Following a series of
preliminary runs to explore the possible ranges of priors (uniform
distribution), we used the following start and search parameters:
both 8 and M were estimated using Fs, MCMC runs used one

Table 1. Sampling localities, presumed subspecies and sample sizes of Seaside Sparrow used in the Gulf-wide analyses of

Site # subspecies Locality Representative coordinates N
1 cf. sennetti Cameron Co., Texas 26.34878, —97.37035 25
2 sennetti® Aransas Co., Texas 27.98224, —96.98039 26
3 fisheri Brazoria Co., Texas 29.08142, —95.24178 32
4 fisheri Cameron Par., Louisiana 29.66890, —92.84939 72
5 fisheri Plaquemines Par., Louisiana 29.46040, —89.87547 72
6 fisheri St. Bernard Par., Louisiana, and Hancock Co., Mississippi 30.22652, —89.42580 49
7 fisheri Harrison, Jackson Co., Mississippi 30.33023, —88.45475 36
8 juncicola Wakulla Co., Florida 30.01658, —84.36886 30
9 peninsulae Levy Co., Florida 29.16448, —82.85081 32

doi:10.1371/journal.pone.0112739.t001

PLOS ONE | www.plosone.org 3

2Griscom [62] noted that sennetti and fisheri from this area may intergrade, even though it is the type locality for sennetti.
Subspecific identities based on summary by Robbins [22]. “Site #" refers to localities shown in Fig. 1.
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long chain, recording every 100 steps, and visiting 4x10°
geneologies.

The program BavesAss (v3.0) estimates recent immigration
rates by estimating the proportion of migrant ancestry within
population samples and individuals [58]. We followed the
recommendations of Wilson and Rannala [58] and the program
user’s manual by running several trial runs to find search
parameters that produced acceptable acceptance rates (0.2-0.6)
for estimates of migration rate (M), individual migrant ancestry
(A), and inbreeding coefficients (F). We subsequently performed
multiple runs with different seeds to insure comparable results
were obtained between runs. We ran 107 iterations, with 10° as
burn-in, with a sampling interval of 10°. Mixing parameters were
dM=0.1, dA=0.45, and dF=0.45. We examined the trace
outputs of the log-probabilities to insure the MCMC had
converged using the program TRACER (v.1.6.0 [59]). Estimates of
ancestry for each individual were summarized by adding the
estimated ancestry coefficients (source, 1 generation or 2™
generation migrant from each population) to characterize the
likelihood of migrant ancestry.

Results

We found no evidence of technical problems relating to
microsatellite genotyping, and no evidence of within-location LD
or deviation from HWE. The average number of alleles per locus
was lowest (6.1) in A. m. sennetti from location 1, but similar
(range =9.0-11.4) among all other locations (Table 3). Estimates
of N, for the nine population samples were generally high; most
confidence intervals included infinity, which Do et al. [45]
mterpret as a lack of LD signal to use for estimation of N,
(Table 3). Although this may also be interpreted to mean the
population sizes are indeed quite large, high values could also be
due to other factors, such as migration and selection [60]. In our
study, few populations are likely to be completely isolated, and
immigration from adjacent areas seems likely. A majority of
pairwise Fst values were statistically significant (P<<0.001); both
Fgr and D,y were consistently higher in all comparisons involving
location 1 (southernmost A. m. sennetti), and lowest within samples
encompassing A. m. fisheri (Table 4). The FCA shows that
populations 3-7 are most similar to each other, but that
populations 1, and [8+9] are distinct (Fig. 2).

There was a significant pattern of IBD across all nine locations
within the microsatellite data (slope =0.066, Z=2.5737,
r=0.5346, P=0.0004; Fig. SIA in File S1). Excluding both
population samples of putative A. m. sennetti, a pattern of IBD was
still evident from central Texas to Florida (locations 3-9; slope
=0.073, Z=0.9224, r=0.6179, P =0.0036; Fig S1B in File S1).
Considering only samples of A. m. fisheri, IBD was significant, but
relatively weak (locations 3-7; slope =0.010, Z=0.0835,
r=0.6318, P =0.0174; Fig. S1C in File S1). IBD using the ND2
data was not significant (slope =0.436, Z=15.1947, r=0.1713,
P =0.1630; Fig S1D in File S1).

All six locations sampled for ND2 contained at least one unique
haplotype (Table 2, Fig. S2 in File S1). Location 1 was unique in
missing the most frequent haplotype found in the other five
locations, and also in having only two haplotypes in similar
proportions. Overall population structure was significant for the
six locations considered (st =0.1833, P<<0.0001), and was also
evident when excluding location 1 as an outlier with a very
different distribution of haplotype frequencies (¢ps1=0.0219,
P =0.0585). All pairwise comparisons of ¢g involving location
1 were significant (P =0.0180 for Pop 1 vs Pop 2; all other P<

November 2014 | Volume 9 | Issue 11 | e112739
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0.0001); no other pairwise comparisons were significant (all P>

0.0528).

Bayesian inference of K

Inspection of plots of summary statistics provided by STRUCTURE
indicated a sufficient burn-in length and number of post-burn-in
iterations. For the Gulf-wide analyses, STRUCTURE indicated the
best support for K=3, based both on evaluation of mean
estimated In probabilities for each hypothesis (Figs. 3 and 4),
and also using the method of Evanno et al. [61] (not shown). The
hypothesis of K =4 had the next best support, and differed only in
treating location 2 (Aransas Co., TX) as a separate population.
GENELAND found a best estimate of K =3 that corresponded well
with STRUCTURE output (Fig. 4), and the next best GENELAND
model also suggested K =4, also treating location 2 separately (not
shown).

The admixture analysis in GENELAND of locations 1-3 suggests
that birds sampled in Aransas Co. have mixed ancestry of A. m.
sennetti from further south and A. m. fisheri from further north
(not shown), and this is congruent with the broader-scale output of
the STRUCTURE analysis (see Fig. 4, location 2). A correlated allele
model in GENELAND consistently recovered a single population
among the two samples from Florida (populations 8 and 9),
consistent with the low levels of differentiation observed via Fgt
and D.g.

The MIGRATE-N analysis of the admixture zone between A. m.
sennetti and A. m. fisheri suggests that our samples from Aransas
Co., Texas have historically experienced unequal gene flow from

Axis 2 (18.99 %)
N oA O ®
© © © o
N

o

6
-20 345 7

-4,000 -2,000 0

2,000
Axis 1 (30.35 %)

4,000 6,000

Figure 2. Factorial Correspondence Analysis (FCA) of nine
sampled populations of Seaside Sparrow along the Gulf of
Mexico. Site numbers are from Fig. 1.
doi:10.1371/journal.pone.0112739.g002
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Table 3. Summary population genetic characteristics and estimated effective population size (N,) of the nine sampled
populations.

Site N, A, H, H, Ne N, 95% CI

1 6.071 5.809 0.743 0.695 556 71—

2 9.000 8.180 0.836 0.799 283 82—

3 10.071 8.693 0.826 0.825 2047 159-

4 11.143 8.489 0.837 0.833 ®© 451-0

5 11.357 8.398 0.832 0.824 ® 457-

6 10.429 8.238 0.837 0.823 341 149-

7 9.214 8.040 0.801 0.815 84 54-164

8 9.071 8.214 0.808 0.808 176 86-5378

9 9.429 8.161 0.830 0.814 857 150-c0

N,= mean number of alleles across all loci, A,= mean allelic richness (calculated from per-locus estimates generated with [70]), H,= observed heterozygosity,
H.= expected heterozygosity. See text for details of the estimation and interpretation of N..

doi:10.1371/journal.pone.0112739.t003

populations to the north and south. Migration rates (M) between
populations 1 and 2 are roughly similar in each direction.
Estimated migration rates between populations and 2 and 3 are
asymmetric, with population 3 contributing a greater number of
migrants into population 2 (Fig. 5). Recent gene flow among the
three Texas sampling locations (as estimated in the program
BavesAss) also appears asymmetric, in that, in contrast to
populations 2 and 3, population 1 has not received many recent
migrants (T'able 5), and a large proportion (ca. 0.8) of individuals
in populations 2 and 3 have estimated ancestry coefficients
consistent with 2"! generation (or greater) migrant (Fig. 6), as
would be expected when gene flow is high [58].

Discussion

At the broadest geographic scale, our microsatellite and mtDNA
analyses show that genetically differentiated Seaside Sparrow
populations along the coast of the Gulf of Mexico are not entirely
consistent with current subspecific taxonomy. Our microsatellite
data are consistent with the recognition of three populations: A. m.
cf. sennetti (south of Corpus Christi, TX — see below), A. m. fisheri,
and a combined group including A. m. juncicola and A. m.
peninsuale. Ammodramus m. cf. sennetti from our southernmost
site in Texas (location 1) are significantly diverged from all other
population samples, including the apparent hybrid A. m. sennetti
x fisheri population in Aransas Co., Texas (location 2). The two
Florida subspecies we sampled (4. m. juncicola and peninsulae) are
not significantly differentiated from each other at the 14 loci we
sampled, and form a single cluster diverged from the other
subspecies in Gulf-wide Bayesian analyses. The subspecies with the
largest geographic range (fisheri) exhibits relatively weak geo-
graphic structuring and IBD throughout its range from the mid-
Texas coast to eastern Mississippi.

That Seaside Sparrows sampled near Corpus Christi, Texas
(location 2) show genetic evidence of admixture is concordant with
Griscom’s [62] discussion regarding lighter and darker plumages
of Seaside Sparrows between Nueces Bay and Matagorda Bay (a
distance of ca. 130 km; see Fig. 5): “the series is sufficiently large,
so that one extreme passes into the other extreme by a perfect
gradation” (p. 106). Saltmarsh habitat dominated by Spartina and
Juncus (i.e., the usual habitat of Seaside Sparrows along the Gulf
Coast) reaches its southern limit in Texas [63], and thus from an
ecological perspective, the admixture zone of A. m. sennetti and
fisheri aligns with a shift to different coastal plant communities
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(-0.0003)

0.0000
0.0001
0.0140
0.0777
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0.0047
0.0081
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0.0802
0.0591

0.0348
0.0316
0.0477
0.0880
0.0758

0.1383
0.1227
0.1552
0.2190
0.2143

Site 5

0.0000
0.0019
0.0565
0.0427

Site 6

0.0018
0.0368
0.0251

Site 7

(0.0085)

0.0556
0.0378

Site 8

0.0086

Site 9

Fst values in parentheses are not statistically different from zero (P>0.001). Negative values of D are reported as zero. See Fig. 1 for sampling locations.

doi:10.1371/journal.pone.0112739.t004
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from north to south. The birds we sampled in Cameron Co.
(location 1) were found in habitat dominated by Borrichia and
Batis — a plant community quite unlike any other Seaside Sparrow
habitat. This transition in plant communities in the Corpus Christi
area is also concordant with Webb’s [64] delineation of a “Rio
Grande” biogeographic zone for mammals. From a conservation
standpoint, the existence of a morphologically, ecologically, and
genetically distinct population restricted to a coastal area from
Cameron Co. north to somewhere south of Corpus Christi should
be of concern. The coastline distance between locations 1 and 2 is
ca 200 km, and we do not know (1) where within that range the
population genetic characteristics shift to those of A. m. cf. sennetti
from location 1.; and (2) how much of this part of the Texas coast
is occupied by Seaside Sparrows. Our data suggest that the
geographic range of this taxon is smaller than that most recently
described by Oberholser [65] as between Refugio and Cameron
counties. Additional data are needed to better characterize and
delineate the apparent admixture zone between Cameron Co. and
Brazoria Co, and to explore whether the Aransas population
(population 2) might be better considered an independent taxon.

Based on the foregoing, we suggest that a taxonomic
reassessment of “A. m. sennetti” is needed. The type locality of
sennetti is Corpus Christi [59], ca 40 km southwest of our
sampling location 2 (Aransas Bay). Griscom [62] was either
unaware of, or did not accept populations south of Corpus Christi,
and restricted the range of A. m. sennetti to Nueces and Copano
Bays (see Fig. 5). Microsatellite allele and ND2 haplotype
frequencies of the birds we sampled in this area (location 2; <
20 km east of Copano Bay) are more similar to allele frequencies
found throughout the range of A. m. fisheri than to frequencies
found in A. m. cf. sennetti from location 1 to the south. This
prompts the question of whether the type specimen of A. m.
senmelti is in fact of mixed ancestry, or whether the range of A. m.
fisheri has expanded southward since the late 1800s, when A. m.
sennetti was described. In light of this, until the type specimen of
A. m. sennetti is analyzed from a genetic standpoint, we refer to the
birds from Cameron Co., Texas (location 1) as A. m. cf. sennett:.

The distinction between A. m. juncicola and A. m. peninsulae
has long been debated, generally because plumage variation
between the two is slight relative to plumage variation within each
area [15]. Pairwise estimates of Fgp and Dgr for these two
populations (8 and 9; ca 170 km apart) are marginally greater than
several estimates for populations of A. m. fisheri separated by
greater geographic distances. GENELAND analyses - which are
explicitly designed to assess fine-scale genetic structure - failed to
distinguish between the two Florida populations we sampled.
Based on our relatively limited genetic sampling, however, we are
hesitant to make any taxonomic suggestions regarding these taxa,
and genome-wide sampling, for example, could discover impor-
tant differences between the populations (see [66]). Nonetheless,
even as a combined group, they are genetically (this study) and
ecologically [16,24,67] distinct from other populations of Seaside
Sparrow. Moreover, marsh habitat is restricted in the region to an
estimated maximum of 275 and 376 km? for A. m. juncicola and
peninsulae, respectively [25,26]. Within this range, occurrence of
both taxa is often spotty, even in seemingly suitable habitat ([24],
SW  pers. obs.), and additional data are needed to better
understand the size, distribution, and demography of these
populations. The limited extent of salt marsh within the
geographic range of these taxa suggests that marsh loss in this
region could decimate these populations [25,26].

We note that the western panhandle of Florida (Escambia Co.
to approximately Bay Co.) remains a gap in our knowledge, at
least partially because the limited amount of saltmarsh habitat
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Figure 3. Mean estimated In probabilities (= SD) of the data for each hypothesis of K=1-11 derived in the program StrucTuge.
doi:10.1371/journal.pone.0112739.9g003

means that there are very few Seaside Sparrows in the area have begun as a misinterpretation of the range described (albeit
[23,24]. Although some published range maps depict this area as somewhat ambiguously) by Griscom and Nichols [69]. This
within the range of A. m. juncicola (e.g., [14,20,68]), this view may interpretation was abandoned by Robbins [22], and we consider

. 2 3 4 5 6 7
| | | | | | |

-96 -94 -92 -90 -88 -86 -84

22

Figure 4. Graphical output of GeneLAno (map) and StrucTure (inset) analyses for best A=3 along the coast of the Gulf of Mexico.
Numbers below StrucTure output correspond to the nine sampled populations of Seaside Sparrow (see Fig. 1). GENELAND output has been cropped to
remove much of the area (Gulf of Mexico) not occupied by Seaside Sparrows. Note that no birds were sampled from the western Florida panhandle,
and no population assignment for birds in this area is possible based on our data. Axes (latitude and longitude) are only relevant to GEnELAND output.
doi:10.1371/journal.pone.0112739.g004
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Figure 5. Detailed map of southern Texas showing (1) sampling
locations for sites 1-3, (2) bays around Corpus Christi relevant
to our discussion of Ammodramus maritimus cf. sennetti, and (3)
estimation of scaled effective genetic population sizes (0) and
directional migration rates (£95% Cls) estimated with the
program MIGRATE-N.

doi:10.1371/journal.pone.0112739.g005

the descriptions of the ranges of both A. m. juncicola and A. m.
peninsulae by the Florida Fish and Wildlife Conservation
Commission [25,26] as the most reasonable interpretation of the

Population Genetics of Seaside Sparrows

original descriptions for those taxa [23,69]. We caution against
interpreting our Fig. 4 as supporting the existence of A. m.
juncicola and/or A. m. peninsulae in the western Florida
panhandle because in this case it is a matter of the software
(GENELAND) “filling in the gaps.” Analyses of samples from the
western Florida panhandle are needed to understand the
population genetic affinities of these birds.

In contrast to the case of A. m. sennetti and the situation in
western  Florida, the case of A. m. fisheri seems relatively
straightforward from Brazoria Co., Texas eastward. Population
genetic characteristics of Seaside Sparrows sampled from Brazoria
Clo. to Jackson Co., Mississippi (populations 3—7) were found to be
relatively homogenous and essentially panmictic. This broad
distribution and large (combined) population size suggests this
taxon is of relatively low conservation concern at this time.

Summary

In light of recent extinctions (A. m. nigrescens and A. m.
pelonota) and current Federal Endangered status (4. m. mirabilis)
of taxa within the Seaside Sparrow, our results support the
consideration of Seaside Sparrows along the northern coast of the
Gulf of Mexico as comprising three “distinct population
segments:” (1) Ammodramus m. cf. sennetti, (2) A. m. fisheri,
which ranges from at least Brazoria Co., TX, east to Jackson Co.,
MS, and (3) a combined A. m. juncicola + A. m. peninsulae group
which ranges from Bay Co. south to Pasco Co., FL. Additional
data are needed to better understand the situation in Texas south
of Brazoria Co., but at the very least our data indicate that a highly
distinct taxon (4. m. cf. sennetti) occurs south of about Corpus
Christi. This distinct and isolated taxon may be in need of
additional protection and management.
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Table 5. Estimated proportion of self-recruits (m; i.e., the proportion of individuals estimated to have originated within the population)
in each of the three Texas population samples, as estimated by the program BavesAss.

Location M sd 95% credible set

1 0.975 0.017 0.942 - 1.000
2 0.682 0.014 0.655 - 0.709
3 0.708 0.032 0.645 - 0.771

doi:10.1371/journal.pone.0112739.t005
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File S1 Figures S1 (showing plots of isolation by
distance for microsatellite and mitochondria genotype
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Acknowledgments

We thank the managers and staff at all refuges for help with logistics and
sampling, and the many volunteers who helped capture birds. M. Davis, K.
NeSmith and T. Engstrom helped with logistics in Florida, and we
especially thank M. Conway for his expertise and guidance in southern

References

1. Greenberg R, Maldonado J (2006) Diversity and endemism in tidal-marsh
vertebrates. Studies in Avian Biology 32: 32-53.

2. Greenberg R, Maldonado J, Droege S, McDonald MV (2006) Tidal marshes: a
global perspective on the evolution and conservation of their terrestrial
vertebrates. Bioscience 56: 675-685.

3. Winker K (2010) Subspecies represent geographically partitioned variation, a
gold mine of evolutionary biology, and a challenge for conservation.
Ornithological Monographs 67: 6-23.

4. Fahrig L, Merriam G (1994) Conservation of fragmented populations. Conserv
Biol 8: 50-59.

5. Phillimore AB, Owens IPF (2006) Are subspecies useful in evolutionary and
conservation biology. Proc R Soc Lond B 273: 1049-1053.

6. Haig SM, D’Elia J (2010) Avian subspecies and the U.S. Endangered Species
Act. Ornithological Monographs 67: 24-34.

7. Patten MA (2010) Null expectations in subspecies diagnosis. Ornithological
Monographs 67: 35-41.

8. Remsen JV, Jr. (2010) Subspecies as a meaningful taxonomic rank in avian
classification. Ornithological Monographs 67: 62-78.

9. Haig SM, Bronaugh WM, Crowhurst RS, D’Elia J, Eagles-Smith CA, et al.
(2011) Genetic applications in avian conservation. Auk 128: 205-229.

10. Pruett CL, Arcese P, Chan YL, Wilson AG, Patten MA, et al. (2008)
Concordant and discordant signals between genetic data and described
subspecies of Pacific Coast Song Sparrows. Condor 110: 359-364.

11. Hull JM, Strobel BN, Boal CW, Hull AC, Dykstra CR, et al. (2008)
Comparative phylogeography and population genetics within Buteo lineatus
reveals evidence of distinct evolutionary lineages. Mol Phylogenet Evol 49: 988
996.

12. Pérez-Eman JL, Mumme RL, Jablonnski PG (2010) Phylogeography and
adaptive plumage evolution in Central American subspecies of the slate-throated
redstart (Myioborus miniatus). Ornithological Monographs 67: 90-102.

13. Ross JD, Bouzat JL (2014) Genetic and morphometric diversity in the Lark
Sparrow (Chondestes grammacus) suggest discontinuous clinal variation across
major breeding regions associated with previously characterized subspecies. Auk
131: 298-313.

14. Post W, Greenlaw JS (2009) Seaside Sparrow (Ammodramus maritimus). In:
Poole A, Gill F, editors. Birds of North America. Washington, D.C.: The
American Ornithologists” Union.

15. McDonald MV (1988) Status survey of two Florida Seaside Sparrows and
taxonomic review of the Seaside Sparrow assemblage. Jacksonville, Florida:
Florida Cooperative Fish and Wildlife Research Unit, School of Forestry and
Conservation, University of Florida. Technical Report No.32.

16. Hardy JW (1983) Geographic variation in primary song of the Seaside Sparrow.
In: Quay TL, Funderburg JB, Jr, Lee DS, Potter EF, Robbins CS, editors. The
Seaside Sparrow, its biology and management. Raleigh, North Carolina:
Occasional Papers of the North Carolina Biological Survey. pp. 95-98.

17. AOU (1973) Thirty-second supplement to the American Ornithologists’ Union
Check-list of North American Birds. Auk 90: 411-419.

PLOS ONE | www.plosone.org

The 95% credible set is calculated as the mean = SD*1.96. Location numbers are as in Fig. 1.

Texas. R. Gibbons, M. Herse, R. Leeson and E. Ospina provided much
field assistance in Louisiana. B. Cerame generated ND2 sequences, A.
Bartlett, B. Slaton, A. Rodriguez, Y. Vargas-Rodriguez and A. Simmons
assisted in the lab. Comments by two anonymous reviewers improved the
manuscript.

Author Contributions

Conceived and designed the experiments: SW SST PCS. Performed the
experiments: SW CMBB MFC MSW. Analyzed the data: SW SST MFC.
Contributed reagents/materials/analysis tools: SW SST. Wrote the paper:
SW PCS CMBB SST.

18. Mila B, McCormack JE, Castaiieda G, Wayne RK, Smith TB (2007) Recent
postglacial range expansion drives the rapid diversification of a songbird lineage
in the genus Junco. Proc R Soc Lond B 274: 2653-2660.

19. Nelson WS, Dean T, Avise JC (2000) Matrilineal history of the endangered
Cape Sable seaside sparrow inferred from mitochondrial DNA polymorphism.
Mol Ecol 9: 809-813.

20. Auvise JC, Nelson WS (1989) Molecular genetic relationships of the extinct dusky
seaside sparrow. Science 243: 646-648.

21. Tomkins IR (1937) The status of Macgillivray’s Seaside Sparrow. Auk 54: 185~
188.

22. Robbins CS (1983) Distribution and migration of Seaside Sparrows. In: Quay
TL, Funderburg JB, Jr, Lee DS, Potter EF, Robbins CS, editors. The Seaside
Sparrow, its biology and management. Raleigh, North Carolina: Occasional
Papers of the North Carolina Biological Survey. pp. 31-39.

23. Griscom L (1944) A second revision of the Seaside Sparrows. Occasional Papers
of the Museum of Zoology, Louisiana State University 19: 313-328.

24. Kale HW, II (1983) Distribution, habitat, and status of breeding Seaside
Sparrows in Florida. In: Quay TL, Funderburg JB, Jr, Lee DS, Potter EF,
Robbins CS, editors. The Seaside Sparrow, its biology and management.
Raleigh, North Carolina: Occasional Papers of the North Carolina Biological
Survey. pp. 41-48.

25. Florida Fish and Wildlife Conservation Commission (2011) Scott’s Seaside
Sparrow Biological Status Review Report. Tallahassee, Florida, USA: Florida
Fish and Wildlife Conservation Commission.

26. Florida Fish and Wildlife Conservation Commission (2011) Wakulla Seaside
Sparrow Biological Status Review Report. Tallahassee, Florida, USA: Florida
Fish and Wildlife Conservation Commission.

27. Seutin G, White BN, Boag PT (1991) Preservation of avian blood and tissue
samples for DNA analysis. Can ] Zool 69: 82-90.

28. Hill CE, Tomko S, Hagen C, Schable NA, Glenn TC (2008) Novel
microsatellite markers for the saltmarsh sharp tailed sparrow, Ammodramus
caudacutus (Aves: Passeriformes). Mol Ecol Res 8: 113-115.

29. Lehmicke AJJ, Berry BE, Shamblin BM, Lennon DM, Woodrey MS, et al.
(2012) Isolation and characterization of tetranucleotide microsatellite loci from
the seaside sparrow (Ammodramus maritimus). Conserv Genet Resour 4: 881—
884.

30. Bulgin NL, Gibbs HL, Vickery P, Baker AJ (2003) Ancestral polymorphisms in
genetic markers obscure detection of evolutionarily distinct populations in the
endangered Florida grasshopper sparrow (Ammodramus savannarum florida-
nus). Mol Ecol 12: 831-844.

31. Sardell R], Keller LF, Arcese P, Bucher T, Reid JM (2010) Comprehensive
paternity assignment: genotype, spatial location and social status in song
sparrows, Melospiza melodia. Mol Ecol 19: 4352-4364.

32. Poesel A, Gibbs HL, Nelson DA (2009) Twenty-one novel microsatellite DNA
loci isolated from the Puget Sound white-crowned sparrow, Zonotrichia
leucophrys pugetensis. Mol Ecol Res 9: 795-798.

November 2014 | Volume 9 | Issue 11 | e112739



33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

50.

Boutin-Ganache I, Raposo M, Raymond M, Deschepper CF (2001) M13-tailed
primers improve the readability and usability of microsatellite analyses
performed with two different allele-sizing methods. BioTechniques 31: 24-28.
Sorenson MD, Ast JC, Dimcheff DE, Yuri T, Mindell DP (1999) Primers for a
PCR-based approach to mitochondrial genome sequencing in birds and other
vertebrates. Mol Phylogenet Evol 12: 105-114.

. Hull JM, Mindell DP, Talbot SL, Kay EH, Hoeckstra HE, et al. (2010)

Population structure and plumage polymorphism: The intraspecific evolutionary
relationships of a polymorphic raptor, Buteo jamaicensis harlani. BMC Evol Biol
10: 224.

Hackett SJ (1996) Molecular phylogenetics and biogeography of tanagers in the
genus Ramphocelus (Aves). Mol Phylogenet Evol 5: 368-382.
Johnson KP, Sorenson MD (1998) Comparing molecular evolution in two
mitochondrial genes (cytochrome b and ND2) in the dabbling ducks (Tribe:
Anatini). Mol Phylogenet Evol 10: 82-94.

van Oosterhout C, Hutchinson WF, Wills DPM, Shipley P (2004) MICRO-
CHECKER: software for identifying and correcting genotyping errors in
microsatellite data. Mol Ecol Notes 4: 535-538.

Rousset F (2008) GENEPOP’007: a complete re-implementation of the
GENEPOP software for Windows and Linux. Mol Ecol Res 8: 103-106.
Peakall R, Smouse PE (1996) GENALEX 6: Genetic analysis in Excel.
Population genetic software for teaching and research. Mol Ecol Notes 6: 288
295.

Belkhir K, Borsa P, Chikhi L, Raufaste N, Bonhomme F (2004) GENETIX,
logiciel sous WindowsTM pour la génétique des populations. Montpellier,
France: Laboratoire Génome, Populations, Interactions CNRS UMR 5000,
Université¢ de Montpellier II.
Jost L (2008) Ggr and its relatives do not measure differentiation. Mol Ecol 17:
4015-4026.

“rawford NG (2010) Smogd: Software for the measurement of genetic diversity.
Mol Ecol Res 10: 556-557.
Jensen JL, Bohonak AJ, Kelley ST (2005) Isolation by distance, web service.
BMC Genet 6: 13.

. Do C, Waples R, Peel D, Macbeth G, Tillet B, et al. (2014) NeEstimator V2: re-

implementation of software for the estimation of contemporary efective
population size (Ne) from genetic data. Mol Ecol Res 14: 209-214.

Waples RS, Do C (2008) Idne: a program for estimating effective population size
from data on linkage disequilibrium. Mol Ecol Res 8: 753-756.

Excoffier L, Lischer HEL (2010) Arlequin suite ver 3.5: A new series of programs
to perform population genetics analyses under Linux and Windows. Mol Ecol
Res 10: 564-567.

M C, Posada D, K C (2000) TCS: a computer program to estimate gene
genealogies. Mol Ecol 9: 1657-1660.

Pritchard JK, Stephens M, Donnelly P (2000) Inference of population structure
using multilocus genotype data. Genetics 155: 945-959.

Hubisz M]J, Falush D, Stephens M, Pritchard JK (2009) Inferring weak
population structure with the assistance of sample group information. Mol Ecol

Res 9: 1322-1332.

PLOS ONE | www.plosone.org

10

51.

52.

o
)

56.

57.
58.
59.
60.
61.

62.
. Cooper AW (1983) The salt-marsh ecosystem. In: Quay TL, Funderburg JB, Jr,

64.

66.

67.

68.
69.

70.

Population Genetics of Seaside Sparrows

Earl DA, vonHoldt BM (2012) Structure Harvester: a website and program for
visualizing Structure output and implementing the Evanno method. Conserv
Genet Resour 4: 359-361.

Jakobsson M, Rosenberg NA (2007) CLUMPP: a cluster matching and
permutation program for dealing with label switching and multimodality in
analysis of population structure. Bioinformatics 23: 1801-1806.

. Rosenberg NA (2004) distruct: a program for the graphical display of population

structure. Mol Ecol Notes 4: 137-138.

Guillot G (2008) Inference of structure in subdivided populations at low levels of
genetic differentiation—the correlated allele frequencies model revisited.
Bioinformatics 24: 2222-2228.

Guillot G, Leblois R, Coulon A, Frantz AC (2009) Statistical methods in spatial
genetics. Mol Ecol 18: 4734-4756.

Beerli P, Felsenstein J (2001) Maximum likelihood estimation of a migration
matrix and effective population sizes in n subpopulations by using a coalescent
approach. Proc Natl Acad Sci USA 98: 4563-4568.

Beerli P, Palczewski M (2010) Unified framework to evaluate panmixia and
migration direction among multiple sampling socations. Genetics 185: 313-326.
Wilson GA, Rannala B (2003) Bayesian inference of recent migration rates using
multilocus genotypes. Genetics 163: 1177-1191.

Rambaut A, Suchard M, Drummond A (2014) Tracer v1.6. Available from:
http://beastbioedacuk/Tracer. Accessed 2014 Jul 15

Wang J (2005) Estimation of effective population sizes from data on genetic
markers. Philos Trans R Soc Lond B 360: 1395-1409.

Evanno G, Regnaut S, Goudet J (2005) Detecting the number of clusters of
individuals using the software STRUCTURE: a simulation study. Mol Ecol 14:
2611-2620.

Griscom L (1948) Notes on Texas Seaside Sparrows. Wilson Bull 60: 103-108.

Lee DS, Potter EF, Robbins CS, editors. The Seaside Sparrow, its biology and
management. Raleigh, North Carolina: Occasional Papers of the North
Carolina Biological Survey. pp. 7-12.

Webb WL (1950) Biogeographic regions of Texas and Oklahoma. Ecology 31:
426-433.

. Oberholser HC (1974) Bird Life of Texas. Austin, Texas, USA: University of

Texas Press.

Pool JE, Hellmann I, Jensen JD, Nielsen R (2010) Population genetic inference
from genomic sequence variation. Genome Res 20: 291-300.

Post W, Greenlaw JS, Merriam TL, Wood LA (1983) Comparative ecology of
northern and southern populations of the Seaside Sparrow. In: Quay TL,
Funderburg JB, Jr, Lee DS, Potter EF, Robbins CS, editors. The Seaside
Sparrow, its biology and management. Raleigh, North Carolina: Occasional
Papers of the North Carolina Biological Survey. pp. 123-136.

Beecher WJ (1955) Late-Pleistocene isolation in salt-marsh sparrows. Ecology 36:
23-28.

Griscom L, Nichols J (1920) A revision of the Seaside Sparrows. Abstract of the
Proceedings of the Linnaean Society, New York 32: 18-30.

Goudet J (2001) FSTAT, a program to estimate and test gene diversities and
fixation indices (v. 2.9.3). Available from: http://www2.unil.ch/popgen/
softwares/fstat.htm. Accessed 2014 Oct 31.

November 2014 | Volume 9 | Issue 11 | e112739


http://beastbioedacuk/Tracer
http://www2.unil.ch/popgen/softwares/fstat.htm
http://www2.unil.ch/popgen/softwares/fstat.htm

	Population genetics of seaside Sparrow (Ammodramus maritimus) subspecies along the gulf of Mexico.
	Recommended Citation
	Authors

	pone.0112739 1..10

