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GRANT TITLE: Geretic status of San Felipe Giambusia

REPORTING PERIOD: 1Ot Of 1o 30 Sep 2011

OBJECTIVE(S):

To conduct & two-year study of the population dynamics and genelic status of the San Felips
Gambusia and Spotfin Gambusia,

Segment Ohjectives:

Task 1. Sept 2008-Dec 2008, Fish collections--

For the analysis of population strucivie and hybridization in San Felipe Cresk, we will make
two Jurge coliections (r = 10} of Cambusia ai locations where & olarkhmbbsi and G,
ipeciasa ocour togesher.

We will make twe refersace collections (i = 30 each) of G, speciosa, one from Devils River
and one from Sycamare Creek (Fig. 13,

For genetic comparisan with (7. clarkindbsé, we will make one collection of G. kramholzi (i
= 300 from Hio de Nava, Cogheila.

Task 2. Sepi 2008 and Sepk 2000, Status of & krusthofzi in Rio de Nava--

During w0 separaie visits lo Rio de Nova, we will documeni the exient of the distribution of
G. krivmbolzi and we will obtain estimates of catch per unit effort. The distzibolion and
abundance has never been examined for this species. Specimens will be deposited in the
verichrate colleciion al Uaiversidad Autonoma de Muevo Leon.

We will coalulate the stability of flow in the springs feeding Rio d¢ Nava. To our knowledge,
there is no record of historical discharge, bt we will search for such information im an
aliempt to document trepds im discharge. At zelecied locations during both +isits, we will

compute stiemn discharge from measures of cutreni speed and cross-sectional area of the
WALErCOUTSE.

Task 3. Dec. 2008-Mar. 2010. Genetic/morphological assays—

The collections of co-decurning G. clarkhubbsi and O, speciosa will be scored for several
morphological iraits indicative of hybridization.

Al specimens of (7. ¢larkiubbsi, 6. speciosa, and G. krumbolzi will be genobyped for nine
microsatellite loci using primers developed for Gambusia by Zane et al, (1999) and Spencer
et al {1999). We soccessfully employed these primers in a recent stady of hybridization in
Crambosio (Duvis et al., 2006).

All specimens will be sequenced for the i3t 404 base pairs of the mitochondrisl ND2 gene,
Exch variant delected will then be sequenced for the entire gene (1047 bp).

Task 4. Feb 2010-Aug 2010. Data analysis--

Fo deiect evidence of recent population expansion, we will use Beaument’s {1999) approach
for microsatellites and Roger's (1993) approach for mtDNA.




* STRUCTURE software will be used o assign the multilocus microsatellite genotype of each
individuzal to species and to identify first-generation hybrids and backeross [PrOZEnY.

*  Using PAUP and MRBAYES, we will obtain, respectively, maximom parsimony and
Bayesian analyses of phylogenetic relationship based on ND2 sequence varation.

*» Standard sofiware will be used to obtain estimates of population genetic structure.

Significant Deviations:

None.

Summary Of Progress:

Please see Attachment A.

Location: Val Verde County, Texas; and, Nava, Coahuilz, Mexico.

Cost: Cosis were nol avaiiable at tmé of this teport. they will be available upon eompletion
the Final Report and copclusion of the project. '
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1. SUMMARY

Yariation in mtDNA [cyth} and six microsatelllite loci were used to address the eonservation
genetics of Gombusia krumholzi, a species previously considered endemic £o the Rio de Nava of
the Rig La Compuenrta, a tributary of the Rio Grande in Coahuila, Mexico. The resulis and 2
reevaluation of rmorphology sugsest that &. efarkhubbsi, recently described from San Felipe
Creek, Texas, should be treated as 3 junior synoaym of 6. krumbolzi. The San Felipe Creek
population had only the commen cyth baplotype of G. krumholz, and its microsatellite alieles
largely composed 3 subset of those in Mexican populations of the species. A survey of 22
springfed situations in Coahuita found G. krumbelzi in two localities well outside the previously
understood range of the species, one near the tailwaters of the Rio La Compuerta and ane in the
Rio 5an Diego, a drainage connected to the Rio Grande about 83 km upstieam of the Rio La
Compuerta. Diversity atiributable to ameng-population differences was six-fold greater when
the San Felipe Creek population was included in the AMOVA than when it was excluded {38 5%
versus 8.5%). The level of divergence {F:r = 0.38-0.41) between the San Felipe Creek and
Mexican populations suggests a lang history of isalation. A search for evidence of Eeneatic
Introgression by G. speciosa in the San Felipe Creek population of G. krumibofzi found anly three
bybrids in 198 fish; these included an £, hybeid and two progeny of hackcmssing,'one to each of
the parental species. There was no evidence of introgression, indicating that hybridization has
played no role in the divergence of the San Felipe Creek population from the Mexican
populations of G. krumholzi, Based on the genetic structure and restricted distribution of G.
krumholzi, the San Felipe Creek population and four populations in Mexico are recommended as
management units for future monitoring,

2. INTRODUCTION

in ¢his report we use variation in mitochondriat DNA {mtDNA) sequences and microsatellite DHA
loci to assess the genetic structure and SpEC.iES level tamnnm*,r of a complex of closely related
populations, one of which is treated as a separate species. The latter is the San Felipe Gambusia
{Gambusia clarkhubbsi}in San Fehpe Creek, a springfed tributary of the Rio Grande in VaiVerde
County, Texas {Garrett and Edwards 2803}. The population was recognized as a species distinct
from the Spatfin Gambusia (G. krumholzi) in several qualitative characters, including
plgmematmn and aspects of the male gonopodivm. Prior to this study, 6. krumhofzi was
considered andemic to'the R de Nava, Coahuila, Mexico (Minckley, 1963; Miller et al., 2005),
an upstream, springfed section of the Ris La Compuerta drainage, which connects with the Rig
Grande about 150 km downstream of the mauth of $an Felipe Creek. Gambusio clarkhubbsi is
listed as threatened by the American Fisheries Society {Jelks et al,, 2088) and the State of Texas:
G. krumholzi is considered vulnerable to extinction (Jelks et al, 200%;

http:/ /www duenredlist.org). The genetic results presented here, together with a re-evaluation
of morphological distinctiveness, indicate synonymy for . clarkhubbsi and G. krumbofzr,
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Therefare, we use G. of. cfarkhubbsi to distinguish the 5an Felipe Creek population from Mexican

populations of G. krumbaolzi

One objective of this report is to address the enigmatic historical cecord for G. of. clarkhubbsi
The population went undetected until 1997 despiie a long history of collecting in 5an Felipe
Creek {Garrett and Edwards, 2003 ). Since 1997, it has accoreed in large numbers alonpside the
historically abendant Tex-Mex Gambusia (6, speciesa). The change in abundance was associated
with a dramatis increase in another spring-associated species, the federally threatened Devils
River Minnow (Bionda dinbofi). These changes might have been caused by a 500-ye flood that

scoured the streambed in 1998 and implementation, in 1997, of
a rmultifaceted management plan to improve the headsprings
area for . dioboli {G:;rrett and Edweards, 2083). li is possibfe
that the San Felipe Creek population “has long heen present . . .
ket in low numbers and perhaps associated with an as yet
unidentified . . . rare habitat” (Garrett and Edwards, 7003:757).
An alternative Is recent colonization of 5an Felipe Creek by G.
krumpolzi. Recent colonization predicts that genetic markersin
. cf. clarkhubbsi willbe 3 reduced subset of those present in G.
krumbolef, whereas a long history in San Felipe Creek predicts
novel markers.

Finally, we include an analysis of hybridization between G, cf,
cfarkhubhsi and the co-occuering Tex-Mex Gambusia {G.
speciose}. The purpose was £o assess the possibility that
hykridization might explain genetic differences betwesan G, ¢f.
clorkhubbsi and G. krumholzi, Despite representing different
species groups within the genus (Rauchenberger, 1988), the G.
nobifis group (G. krumholzi) and the G. offiais group {G.
spesiosg), represen:tatives of the two groups are known fo
hybridize (Hubbs, 1971; Davis et al., 2006), and there is
mofphological evidence of genetic intmgressioﬁ {Hubbs, 197%).
Finally, we include the results of a survey for 6. krumbaiziin
spitngfed waters of Coahuila autside of the Rio de Nava.

3. MATERIALS AND METHCODS

Rtis San Dizga

b ."-'\--._

| oo Piedra

Fig. 1. Collection localities,
Gambysio of, clarkhubbsi was

. taken from sites 1-3: 6. krumholz)

from localities 4-10. Open circles =
localities in Mexico that did not

yield G. krumpolzi. 6, speciosa,

which Is réFativehr widespread on
both sides of the Rio Grande in this

' region {Miller et al., 2005], was

sampled from Tocalities 1 and 2. In
the text, Mexican collections are
named for the municipality of
coltection; locality 4 = Los Cristales,
5 5 Los Alamos, b and 7 = Nava, 8
and 4 = Allende, and 10 =

- Guerrero,
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Samples.—We collected G. krumholzi-G. of. clarkhubbsi from a total of 10 tacalities {Fig. 1; Table
1) in Texas, U.5.A. (sites 1-3), and Coahuila, Mexico (sites 4-10). Collections of 6. of. dlorkhubbs
were from two localities {sites 1 and 2} separated by 1.5 stream-km. For the analysis of
hybridization, we also collected G. sperioso from sites T and 2. The Mexican loealities are
designated by the municipality of eollection {see legend, Fig. 1). Fin clips from the Mexican
collections and whole fish from the Texas collections were placed in 95% ethanol and shipped to
Dexter National Fish Hatchery and Technology Center for analysis. In addition, one of us (ML}
attempted, without success, ta colleet G, krumbolzl from 15 additional springfed sites in
Coahuila (Fig. 1). For reasons explzined in Results, we attempted, in luly 2011, to collect
Gambusia from five localities in Sycamore Creek and five in its iargest tributary (Mud Creek),
including Mud Springs, the anly spring mentioned from Sycamore Creek in Bruns’s F20D2y
review of Texas springs. We also searched the Fishes of Texas database :

{http://www fishesoftexas.org) for records of Gombusia from the Sycamore Creek drainage, and

the museum lots for such records were examined by ane of us for the possible presence of mis-
identified G. of. clorkhubbsi.

Mofecular methods. =Geromic DNA was extracted using Qiagen DNaasy’ Blood and Tissue Kits
and stored at -802C, We assayed most specimens for 10 micresateliite loei (all with dinucleatide
repeat motifz); three developed by Zane et al, (1899) for 6. hofbrooks {Mf-1, Mf-6, and MF-13)
and seven developed by Spencer et al. {1999) for 6. affinis (Gaful, Gafu?, Gafus, Gafud, Gafub,
Gafub, and Gaft/7). Three of these (Mfy, Mf5, and Gaful} were monomorphic across all species

and one (Gofud) was not reliably scoreable, All specimens were genotyped for the remaining six
loci.

Microsatellite ampkfication was dane in 10-p) PCR reactions: 0.175 pl AmipliTag Geld” DA
polymerazse; 1X GeneAmp -10X PCR buffer; 2.5 mM MgCly; 1.5 mb dNTPs; 0.5 1 each, forward
and reverse primers; 3.5 18 ddH,0; 2 ul ONA. Forward primers were labeled with ane of four
fluorescent dyes: MF-13 {VIC); Gafu-2 (6-FAMY; Gafu-3 {PET); Gafu-2 {NED); Gafu-5 (FETY; and
Gefu-7 {WiC). All PCR reagents and primers were purchased from Applied Biosystems. The PCR
conditions involved a touchdown protocel that began with a denaturing step of 952C for 9 min
ta activate the Amplitag GoId'; this was followed by 33 cycles of 342C for 45 5, &0 initTal
annealing temperature of 562C for.45 5, and an extension interval of 722C for G s, The
annealing te'mperature_ decreased by £.29C for every cycle. The final extension interval was i5
min gt 70RC. The products ware processed on an ABI 23304 genetic analyzer using GeneScan™
S00 LIZ” size standard. Multilocus genatypes were compiled with GeneMapper™ 4.0 software
(Applied Biosystems). About 96% of the genotypes were scored by two separate investigators.

Amplification {10-pl reactions) of mtDNA cytochrome b {eytb) followed the PCR conditions
outlined above except the extension step was incteased fo 1205, We used primers LAL5058 and
Hi5149 [Schrﬁidt et al, 1993} to amplify a 402-bp fragment of cpth. For selected specimens, the



entire gene (1,139 bp} was amplified vsing primers LA15053 and HALH249 {5chmidt-et al,, 1998};
the specimens so treated were G of. clorkhubbsi(n =5} and G. krumholzi from Guesrera {n = 12}
and Rio San Diego (7= 13} PR products were purified wsing the Exp-3AF (Fermentas)
procedure using 1/4 reactions following manufaciurer instrictions; sequencing reactions {both
strands) used the Big Dye’ v3.1 cycle sequencing kit (ABI) with 1/8 reactions and were sun on an
ABY 3130w Genetic Analyzer. Sequences were edited using Sequencher v4.9 (Gene Codes) and

aligned by hand in Se-Al v2.0a11 {hitp./ftvee. bio.ed ac uk/software/seal).

Genetic Anafysis.—We used GenAlEx (vb.3; Peakall and Smoause, 2805) to cﬁmpu’tg expected and
observed heterozygosity (He and Hol, number of alleles per locus {Ay), and number of private E
alleles {Ag); ESTAT {v2.9.3.2; Goudst, 1995) for allele richness (Ag} corrected fora sample size of
12; GENEPOFP on the web (Raymond and Rousett, 1995} for exact tests of Hardv—Weinherg:
equilibriem (HWE); pairwise linkage disequilibrium {10,000 iterations), and an analysis of
isolation by distance based on microsatellite Forp and Arlequin (v3.5; Excoffier and Lischer, 2010}
to compuie analyses of molecular varianee (AMOVAS), pairwise For values and, for miDNA,
haplotype {k) and nucleotide {r} diversity. To visualize microsatellite variation, we used GenAlEx
far a principal coordinates analysis (PCA) of genetic distances among individual smuléilocus
genctypes (Smoeuse and Peakall, 1999‘1.'The sequential Bonferroni correction (o = 0.05) was used
far significance in multiple tests of the same hypothesis.

We used GeneClass2 (Piry et-al, 2004) with the leave-one-out option and the Bayesian MCMC
re-sampling method for allele frequencies to assess the most likely species assignment for
individual multifocus genotypes. To search for hybrids between G. of. clovkbubbsi and G.
speciosa in 5an Felipe Creek, we used STRUCTURE {v2.2.3; Fritchavd et al., 2000) with K = 2,
generations back = 2, POPINFO with admixture, and 1.1 million iterations (burnin = first million).

The initial species designation for each fish was based on its Gene(lass2 assignment o
separate runs gave essentially identical resyits,

Marphology.—We examined three and five museum collettions of, respectively, G. cf.
clarkhubhsi {60 males, 68 females} and G. krumholzi {56 males, 86 females) for potentially
distinguishing characiers. Collections choasen were based on availability and the rieed 0

encompass variation by including populations from more than oné season orF |I.'.ICEI|I=t‘,' (see
taterial Examined). :

Qualitative codes were assigned to the following pigmentatian characters (range of code values
in parentheses) that Garrett and Edwards (2003) used to disiinguish 6. of. cforkhubbsi from G.
krumholzi. width of predorsal streak {1-2), development of laterdd band on the body (0-3], dark
bar on dorsai fin margin (0-2), rows of spots on doesal fin [0-2), bndy spattmg{ degree uf CrOs5-
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hatching; 0-4), presernice-absence df postanal streak {01}, darkness of caudal fin margin {0- -2}
and datkness of aral fin (0-2). Male- gonopodial tharacters included number of fused elbaw
elements on ray 4a, location of elbow tip {opposite first SpinOUS segment on ray 3 versus
opposite segments proximal to the spinous segment}, and length of ray-4p hook stepped into its
basal length [the length of the ray segment).

For each character and, keeping the sexes separate, we used nested ANOVAS provided by ),
McDonald (http:f/udel. edu/~medonald/statnested.html) to test for ditfferences between Eroups
(G. cf. clarkhubbsi and G krumbolz and to partition total variance into three components:
between groups, among collections within graups, and within collectians., Jpenstat™ (v,
30.06.10; hitp:/fwenw Statprogramsdi).com) was used to test for normality and equality of
variances. No characters showed Ineqeality of variances among collections {Levene tests, P =

~ 0.05], but all within-collection fests for normality showed significant deviations {Wilks-5hapiro
tests, £ < 0.05}. The AMOVA tests of significance are subject to error because of non-normality
and large samplessize differences, but variance-partitioning gives perspective into the strength
of between-group difierences (McDonald, 2089), the primary concern for morgholegy in this
paper.

4. RESULTS

Distributions. —Both G, df. clokfubbsf and G. speciosa were abundant in San Felipe Creek.
Unexpectedly, a single individual (male, 31 mm 5L} with the morphology of G, keumbolzi-G. of
cfarkhtibbsi was found in a collection of 30 G. speciosa preserved in ethanol by one of us (RIE}
on i0 September 2009 at the U.5. Highway 277 crossing of Sycamaore Creek, Kinney-Yal Verde
county line, Texas (site 3; Fig. 1). Visits to that site and elsewhera in the Sycamore Creek
drainage in July 2811 encountered only dry streambed except for Mud Springs near the
headwaters of Mud Creek, where we sampled three springfed sites over a reach of about 1 km;
G. spacipso was the only poeciliid found. Collections of Sambusia from the Highway 277 locality
in 1990 {TNHC 22248; 1 = 9) and 1999 (TNHC 27411; n = 317} contained only G. speciose as did a
combined collection (7 = 508} from the Sycamore Creek crossings of Highways 277 and 90 in
2002 (TNHC 29476) and a collection from Mud Creek about 10 km downstream from Mud
Springs (TMHC 30527; n = 15).

Gombusia krumholzi was found at seven of the 21 springfed sites sampled in Coabwila (Fig. 1}
They include five sites in irrigation canals of the upper Rio La Compuerta, three from Rio de
Nava (site 5, “Los Alames”, and sites 6 and 7, "Nava”) and two fsites & and 9, “Allende”) from a
separate system of irrigatian canals. The species also was found in the lower Rio Lz Compuerta
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in a spring (site 10, "Guerrero”} separaied from the Nava-allende area by about 60 km of
normally dﬁ-' arroyos. Outside of the Rio La Compuerta drainage, G. krimholzi was found only at
a locality [site 4, “Los Cristales”) in the Rio San Diego drainage. Efforts a2t four other springfed
sites in the drainage vie!t_:led no G, krumthokr.

Genetic markers. —\We combined the two gallections of G. of. clorkhubbsi for all genetic analyses
except the AMOVAs. For all analyses, twe other pairs of collections were combined, the two
fror Nava and the two from Allende. The members of the three lumped pairs were : "
geographically proximal and lumping caused no microsatellite deviation from HWE.

Muinbers of alleles for the six microsatellite oci were (total nomberfnumber for G, ef. elackhubbsi-G
krumholzi) ME13 (5/3); Gafu? (9/7); Gafu3 (16/4); Gafud [28/26); Gofus (S/4), and Gafir? {14/5). There
was no evidence of deviation from HWE or pairwise linkage disequilitrium armong loci. Sik miDMNA
haplotypes representing six substitutions (transitions; none shared by haplbtypes) were detected in the
402-bp cytb fragment from G. of. clarkhubbsi and G. krumhofzi (Table 4);the predominant haplotype (8)
differed from the others at ene {haplatypes B-E) or two (F) positions (uncorrected divergence = .2-
i1.5%). Haplotypes 8-E differed from F at three positions (0.7% divergence). In contrast, the three
haplotypes detected in G, speciose (Table 1) included two highly divergent {7.0-7.2%) groups (G and |
versus 1} with 28-29 substitution differences (23-24 transitions, 5 transversions). Haplotypes band | were
vare (frequency = 3-2%). BLAST searches of GenBank showed that Haplotype G was identicalto a
haplotype (GenBank JF437631) reported from G. speciosa (Langerhans et al,, in review) and haplotype )
differed by only two substitutions; bath of these haplotypes were 2.2% divergent from a haploiype
(U18207) reported for 6. geiseri{lydeard et al, 1995} Haplotype | was identical to a hapTuwpe
(DQO75681} reported from G. affinis in central Texas {Davis et al., 2006).
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Table 1. Distribution of mtDNA haptotypes in G cf. clarkhubbsi, G, krumholzi, é;nd

G. speciosa. Asterisk for haplotype | signifies identity with a haplotype from G. affinis (see

text}.

Haplotype

Population A B C 0 E F G i J

Pm:dhuiysfs and G. cf. clarkhubbsi x G. speciosa hybridization. —The GeneClass? assighments hased on
mierosatellites showed high probabilities {g » 0.94) far placement of all specimens in one or the other of
the three graups {G. cf. clarkhubbsi, G. speciosa, and 6. krumhofzi). The ane Sycamore Creek specimen
with the morphology of G. krumholzi-G. cf. clarkhuibsi classified as &, cf. clarkbubbsi. One San Felipe
Creek specimen (SFGO03) classified as G. speciosa afthough it had the common ha platype (A} of G.
krumhalzi and G, of. clarkhubbsi. The two putative . specioss carrying the rare mtONA haplotype (I}
from G. affinis classfied as G. speciosa; all of their alleles were present in other &. speciosa,

With four exceptions, the clusters in the PCA hiplot of axes tand2 clnﬁeiy agreed with mtONA
haplatype (Fig. 2}. The four exceptions had the common miDNA haplotype (A) of G. &£,
clarkhubbsi and G. krumholzi, hut fell well putside the microsatellite ¢lusters for those BOOUDS.
One of these {SFGO0L) was the one G. of. cforkhubbsi from Sycarnorg Creek. The remaining three
were classified as hybrids in the STRUCTURE analysis of ancestry: an Fy hybrid {5FGO62; g =
0.91), ane product of hybrid backcrossing to G ¢f. clarkhubbsi (SFGO74; g = 1.00), and one
product of backerossing te G, speciosa {SFGO03; g = 0.92). The three hyhrids and the one
Sycamore Creek G. of, clarkhubbsi were eliminated from subsequent analyses.
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Distribution of genetic diversity in Q. cf. clarkhubbsi and G.
krumhalzi. —For miDNA, G. ef. clarkhubbsi was fixed for fhe
predominant haplotype {A) in G. krumhofzi {Table &) All fish
sequenced for the entite oyt gene had the haptotype-a
sequence for the first 402 bp, but there were two complete-gene
haplotypes differing by two substitutions (fransitions). One of
the haplotype-A variants'was in the five G. cf. clarkhubhbsi
assayed for the complete gene and in 16 of the 26 G. krumhaolzi,

The kack of miDNA diversity in G, cf. clarkfrbbsi was associated
with the lowest microsatellite diversity detected {4, = 2.0, Hy =
0.27; Table 2). Two populations of G. krumiofzi [Los Cristates and
Guerrero, Fig. 1) had zero mtONA diversity and the lowest
microsatellite allele richness detecied in the Mexican
popufations {2.9-3.7 versus 4.2-4 &), byt heterozygosity N =
0.33-0.36) was within the range for other Mexican populations
{He = ©.32-0.37). The other Mexican populations of G. keumholzf
trad 2-3 miBNA haplatypes.

For mtDNA, anly one pairwise Fzr comparison, G. of. dorkhivbbsi
versus the relatively small [n = 13) Los Alamos collection, was
significant with the Bonferroni correctian (F;; =0.27; F < 30001
Table 3}. Without correction, only tests involving the Los Alamos

—

Fig 2. Scores of individual fish on
principal coordinate axes 1 and 2.
Mumbers in-parentheses are locality
numbers in Figure 1. Solid black
gircles = haplotype A in fish from San
Felipe Creek (locality 1, 2} and
Sycamore Creek (foeality 3);
haplotype A also occurrad in most .
krumhalzi. SFGOOY is the single

_individuat of & clorkhubbsifrom

Sycamore Creek. SFGO03, SFGO62,
and SFGO72 are hybrids (see text).
Al hybrids had the haplotype of G.
cf. clorkhubhesi,

caliection were significant or approached significance {Fr = 0.06-0.11; F = 0.03-0.05). Average
Fsr was 0.06 (range = 0.00-8.16} across the five comparisons of G. of. clarkhubbsiand G.
krumhofzi. AMOWVA indicated that zero diversity was due to differences between the two
species. With G. of. clorkhubbsi excluded, 4.8% was attributable to differences among

pepulations (P < 0.0001}; 95.2% was within-population diversity.

For microsaiellites, all except three allefes in., cf. cfarkhubbsi were present in G, krumbolzd. The
exceptions were {frequencies in parentheses) Gofu3™ (0.96), Gafud™ (0.29), and Gofus™
{0.10). With ane exception (Guercers; Gafu2'™, frequency = .16}, and excluding &. speciosa, all
ather private alleles were rare (0.02-8.06; Table 2). All pairwise For comparisons among
populations were significant (P < £.0001] except Allende versus Nava (For = 0.01; Table 3); there
was no microsateliite evidence of isolation by distance (P = 0.09). AMOVA indicated that 35.0%
of the genetic diversity was attributable to differences between the two groups, 3.5% to
differences among populations within groups, and £1.5% to within-papulation divarsity. With 6.
of. clarkhubbsi excluded, 6.5% was attributable to differences among poputations (P < 4.0001};

93.5% was within-population diversity.




Table 2. Di.versitl.r indices for G. of. clorkhubbsi, G. krumholzi, and . speciose. Numbers in parentheses =
lecality aumbers in Figure 3. n = number of specimens, n; = average number of genotypes assayed per
microsatellit.e tacus, P = number of polymorphic laci, 4, = average number of alleltes, Ay = aliele richness
carrected for a sample sizeof 12, 4, = numhe:r of priuate. allzles (ail species included/G. speciosn excluded),

Hp = observed heterdeyosity, He = expected heterozygasity, h = haplotype diversity, 7 = nucleotide diversity.

Micrasatellites mtBNA

Population _ n fia P Ay Ag A Ho Hy f a1

G. cf. cfarkhubbsi

Table 3. Genetic divergence (fy) among populations of G. krumbofzi,
including &. cf. clarkhubbsi from San Felipe Creek. Above diagonal =
mt.DNA; below = micrasatellite loci. Asterisks signify significance with

the Bonferroni correction.

Fopulation _ Locality number

{locality-number) iz 10 89 47 5 4
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Morphology. —With one excepiion {body crosshatching in males), the nested ANOWVAs indicated
no significant morphological difference between G. cf. clorkhubbsi and G. krumbofzi. Body
crosshatching was more strongly devefoped in male G. of. clarkhubbsi ihan in mate 6. krumholzd
(Fian = 17.4; P = .009). The codes for this character ranged frorm 1 (Faintly crosshatched) to 4
{cross hatching strong above and below midlateral line) for 6. of. clarkhubbsiand 1to 3 {cross
hatching strong above and faint below midline) for G. krum#iolzi, Differences between the two
groups accounted for 28% of the variation; 2% was explained by variation among collections
within groups. For females, 0% of the vaciation (F) 104 = 0.13; P =0.73) in cross-hatching was
attributable to differences between the two groups, whereas differences among collections
within groups accounted for 29% {F:,u.t = £.5; P < 0001

For the remaining characteis, the ranges for G. of. clarkhubbsi and G. kriembolzi were identical,
and the portion of the variance attribuiabte to differences between the two groups was small:
10% and 15% for dorsal-fin spotting in, respectively, males and females, 12% for lateral stripe
development in females, 0% to 7% for gonopodial characters, and 0% for the rest of the
characters. Two pigmentation characters showed significant (P < §.0001) variation atéributable
to differences among collections within groups: lateral siripe and darsat-fin bar, both of which
ranged from absent to distinct in both sexes of both groups. The three ponopodial characters
2lso showed significant variation associated with differences amoeng eollections within groups:

tiook length (# = 0.003), position of elbow tip over spinous of non-spincus segment (0.003), and
number of fused elbow segments (P = 0.084).

5. DISCUSSION

Morphological reassessment and the genetic results indicate that 6. clarkhubbsi is a junior
synonym of G, krumholzi. None of the genetic markers (mitochondrial cytd and six micrasatellite
loci] was diaghostic of the twe forms. For cyth, the San Felipe Creek population (5. of.
clarkhubbsi) was fixed for the common haptotype in G. krumholzi, and, with three exteptions, its
microsatellte alleles were a subset of those detected in G krumholzi. The exceptions cocuired
at law (0.06-0.10) to moderate fraquencies {8.29) alongside allefes shared with G. krumbolzi.
The previously perceived morphological differences were subtfe and, in this study, generally
showed no added variance assoriated with the species-level taxonomy. The one exception,
degree of hody crosshatching in maes, differed in the direction {greater in G. clarkhubbsi) noted
by Garrett and Edwards {2003). However, the males of the two groups overlapped broadly and
the difference was not detected in females.



The observed genetic divergence of the San Felipe Creek population of 6. krumbolzr frorn
Mexican populations is consistent with the hypothesis {Garrett and Edwards, 2003} that it has a
long histery in San Felipe Creek, despite its absence in collections priar to 1997. The presence of
novel alleles not attributable to hybridization with G. speciosa shows that the pepulation is not a
result of recent colonization or introduction from the Mexican portion of the range. Diversity
sttributable to among-population differernices was six-fold greater when the San Felipe Cresk
population was included in the AMOVA than when it was excluded {38.5% versus 5.5%). The
level of divergence {Fq = 0.28-8.41) between it and the five Mexican populations suggests that
the popultation is functionally independent of ather populations of 6. krumhofzi. Under selective
neutrality and. migration-drift equilibrive, F; values <0.20 reflect lenz-term rnigration rates of
less than one individual per generation and such rates have negligible effect on allele
frequencies {Mills and Allendorf, 1998).

Except for the 5an Felipe Creek population, there is no genetic evidence of strong barriers to
gene flow among populations:of . krumhofzi. The species is common in springfed waters of the
vpper Rio La Compuerta system, including the Rio de Nava and a separate, springfed system of
irrigation canals in the Allende area. The fack of divergence in microsatellite 3llele frequencices
hetween Allende and Nava [Fer = 0.01) suggests frequent genetic exchange. The Allende and
Nava waterflows normally terminate in agriculiural fields but they probably are occasionally
confluent via downstream arfoyos in both systems. The somewhat larger and statistically
significant Fz; values {= 0.05) between the Allende-Nava pair.and the Los Alamos collection, all
from the vpper Rio La Compuerta, might reflect sampling ercor associsted with the smalt (=
13} size of the Lot Alamos collection.

the collectians of G. krumhofzi from Guerrero and especially Los Cristales were well outside the
previgusly understood range of the species in Mexico. The Guarrsre site'extends the distribution
downstream in the Ric La Compuerta to a springfed situaiion separated from the Ko de Mava by
about 60 km of ustrally dry arroyo. The Los Cristales populatian is separated from the Rio La
Compuerta by about 320 km of presumably inhospitable rivering habitat, including about 80 km
of the-Ria Grande. The low level of microsatellite divergence between Los Cristales 2nd the Rio
ta Compuerta populations {mean Fi; = 0.08) sugzests that suitablehabitats might have exisied
in the Rio Grande prior 1o anthropogenic changes in the river.

We tentatively consider the Los Cristales poputation te be native, although thiee observations
are consistent with non-native status: (1) it carried no novel alleles and was no mote diversent
from the Ric La Compueria popuiations than some of the latter were from each other; (2)
collecting efforts in other springfed waters in the Rio San Diego drainage failed to yield the
species; and {3} there is no extant record of occurrence in springs between the Rio San Diego
and the Rio La Campuerta. Peden {1970) mentioned, without giving locality details, an
vncataloged collection from the Rio Escondido, a Rio Grande tributary between Rio La
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Compuerta and Rio San Diego. This callection appears to have been lost and attempts by one of
us (ML} failed to find the species in the Rio Escondido and other Mexican drainages except 21
Los Cristales and localities in #he Rio La Compuerts system. Native status for the Los Crisiales
population is Aot negated by its disjunct distribution. For example, the species is unknowa fram
a number of well-sampled, Texas tributaries of the Rio Grande between the Rio La.Compuerna
and San Felipe Creek, except for our collection of a single specimen from Sycamore Creek.

The single Sycamore Creek specimen of G. kremhbplz detected in this study probably represents
anthropogenic introduction from 3an Felipe Creek. Genetically it was modst similar {6 the San
Felipe Creek population, but its multilocns micrasatellite genotype felliwell outside the PCA
chister for that population, suggesting that it originated from 2 genetically diver:gént parental
genome, Dur survey of the drainage and the historical absence of G, krumfbrofzi from Sycamore
Creek collections suggest a transient population that was extirpated doring the severe drought
of 2010-2011, when the majority of the Sycamaore Creek system went dry. Founder effect
assaciated with anthropogenic introdection woold explain divergence from the San Felipe Creek
populaiion.

Conservotion fmplicetions.—The San Felipe Creek papolation af G, krumhbofzi is not reeognizable
as an ESU based on Maoritz's {3994) criterion of reciprocal monaphyly for miDNA. Alsé, it likely
daes not meet thecriteria of genetic and {or) ecologital non-exchangeability required for ESU
recognition by Crandall et al {2000). All populations of G. krumbofs are associated with
springfiows in a small geographic region and the virtual sbsence of mtDNA diverzence indicates
a short {ime for evelutionary divergence. Therefore, the 5an Felipe Creek popufation probably is
not ecologically divergent from the remainder of the populations of G. krumbolzi. Nonetheless,

the population warrants special consideration fram conservation agencies hecause it represents
a major souree of penetic diversity in the species.

To help guide conservation management for G, krumholzi, we recommend five management
units (MUs) distributed as follows: {1} San Felipe Creek, (2) bos Cristales, (3) Guercers, (4) Rio de
MNawva (Los Alamds to Nava) and {5) the Allende system. Manageimnent units are porfions of the
species (E5U) warranting some degree of attention in terms of monitoring and management for
their continued existence. Recognition of MUs can be based on significant divergence in gene
frequencies [Moritz, 1994), but the required level of divergence is subjective {Taylor and Dizon,
1999}). The San Felipe Creck poputation clearly warrants MU recognition, but the Mexican
populations are mgre problematic.

Taylor and Dizon {1999} argue against MU secognition baséd sclely on genetics and suggest that
policy goals, such a5 maintenance at some percentage of historic abundance or maintenance of




the fulthistoric range of the species, should play a role. Considering the restricted geographic
range of 6. krumholzi, we believe that the loss of any of the five MUs recommended here would
be a significant step toward extinction. ldeally, and beyond maintenance of Mls, managers
should aim £¢ protect ar restore the natural pattern of dispersal among populations, thereby

preserving the processes that mainkain diversity and evolutionary potential (Crandali et at.
2000).

&, MATERIAL EXAMINED

Institutienal abbreviations are as listed at hitp:/fwww asih.orgfcodons, pdf.

Generifs.—ParEntheses give tocality number (Fig. 1), museurn number for veucher specimens,
and latitude-fongitude. Gambusio krumbolzi (G. of. clarkhubbsh), Texas, Val Verde County: 3an
Felipe Creek at highway 277 bridge in DefRio {3; OSUS 27800; 29°22'11"N, 100°53'6.73"W); San
Felipe Creek at Lions Park in Del Rie (2; OS50S 27799; 29°21'35'N, 100°53'30"W); Sycamore
Creek at Highway 277 bridge {3; OSUS 27797; 29°15'15"N, 108°45'02"W). Gambusia krumholzi,
Coahwila: Spring in Los Cristales, Rio San Diege drainage (4; UANL 19496; 29°04'55"N,
101°00'07"W); Rio de Nava SE Los Alamas (5; UANL 19549; 28°17°18"N, 102°00° 1"W); irrvigation
canal .2 km W Nava (6; UANL 19544; 28°24'S0"N, 180°51"55"W); irrigation canat in Nava (7;
UANL 13540; 28°25'06"N, 106746'30"W); water works canal in Allende {8; UANL 19490,
28°20'05"N, 180°52'09WY}; irsigation canal near Allende {9; BANL 19484; 28°19'30™N,
100°53'09™WY); spring in Guersero city park (10; UANL 19530; 2BTIBM0"N, 100°22'25" "W).
Gambusia speciosa, Texas, Val Verde County, San Felipe Creek: at highway 30 bridge in Del Rio
{1;05US 27796; 29°22"11"N, 306°53'6.73"W); at Lions-Park in Del Rio (2; O5US 27798,
29°21'35"N, 100°53'30" W),

Morphology. —Collections are listed with locality number in parentheses followed by museum
number, date, and sample size (maleffemale}. Gambusia f. clarkhubbsi: {2} O5U5 27801, 3
March 2008, 20/20; {2) O5US 27802, 16 March 2009, 9/15: {1} osUSs 27803, 10 July 2011, 31/25.
Gambusia krumkbofzi: {10) UANL 18545, 29 August 2007, 6/29: UANL 18530, 6 February 2010,
12/15; {4) UANL 18658, 28 September 2007, 7/17; UANL 19496, 6 February 2810, 4/5; (7}
UANL19540, 7 February 2010, 26/30. '
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