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of Galveston Island coyotes and compare it to adjacent 
mainland Texas coyotes to measure restricted gene flow 
and inbreeding, (3) estimate relatedness and genetic 
structure of coyotes on Galveston Island, and (4) describe 
the distribution of red wolf ancestry within different 
habitat features. We conducted a systematic noninvasive 
fecal survey across Galveston Island paired with tissue 
collection from roadkill, as well as opportunistic sam-
pling from National Wildlife Refuges on mainland Texas 
from August 2019 to February 2021. This study provides 
a crucial step in understanding how endangered red wolf 
ancestry is distributed  on the landscape and the mecha-
nisms that reinforce the persistence of red wolf alleles.

Results
Sample collection
We collected a total of 229 fecal samples and 32 tissue 
samples from southeastern Texas. A total of 168 fecal 
samples were collected systematically along 25 transects 
across Galveston Island, Texas, an additional 61 fecal 
samples were collected opportunistically during a pilot 
study on Galveston Island in August 2019 and on main-
land Texas throughout the duration of the study. Twenty-
one of the tissue samples were collected from Galveston 

Island and 11 tissues were collected from mainland Texas 
throughout the study (Fig. 1).

Mitochondrial DNA results
We extracted DNA from 222 fecal samples and 32 tissue 
samples for genetic analysis. We sequenced an approxi-
mately 200 base pair segment of the mitochondrial DNA 
(mtDNA) from the cytochrome B control region to con-
firm the matrilineal species assignment of each sam-
ple. We successfully obtained mtDNA haplotypes at the 
cytochrome B control region for 94 fecal samples, for a 
42% success rate of mtDNA amplification, and for all 
32 tissue samples. Based on species identification from 
mtDNA haplotypes, we removed 9 samples that were not 
wild canids: 8 domestic dogs and 1 otter. We identified 
four mitochondrial haplotypes on Galveston Island that 
matched haplotypes previously published on NCBI Gen-
Bank (AY280924, FM209385, KU696410, and AY280913) 
(Fig. 2).

Two samples from Galveston Island matched the only 
haplotype found in extant red wolves (AY280913; [36]), 
one sample matched a haplotype that was most associ-
ated with gray wolves (KU696410), and the rest were 
represented by known coyote haplotypes (AY280924 and 

Fig. 1  Collection locations of all DNA samples we successfully sequenced. Black dots represent samples with both mitochondrial DNA (mtDNA) 
haplotypes and nuclear DNA (nDNA) genotypes; red dots represent samples that only have mtDNA haplotypes
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FM209385). Of the mainland Texas samples, we identi-
fied the same four haplotypes found on Galveston and 
an additional three that matched or clustered with coy-
ote haplotypes (see mtDNA analysis below; AY280913, 
JN982579, and a new haplotype OM392562 not pre-
viously published). Three samples from the mainland 
matched the red wolf haplotype and five matched the 
same gray wolf haplotype found on Galveston (Addi-
tional file 2: Fig. S1).

Microsatellite DNA (nDNA) results
We genotyped samples at 15 microsatellite loci for indi-
vidual identification, estimates of red wolf ancestry, and 
to assess population structure of coyotes on Galveston 
Island, Texas. This multi-locus microsatellite panel has 
been used extensively in the past for identifying red wolf 
X coyote hybrids [31, 36–39]. Fecal samples were geno-
typed multiple times (4–6 replicates) to ensure accuracy, 
and we successfully generated consensus genotypes for 61 
fecal samples, for a 34% fecal genotyping success rate. We 
successfully genotyped all 32 tissue samples collected on 
Galveston Island and mainland Texas. We did not obtain 
a nDNA genotype from 33 fecal samples for which we 
successfully sequenced mtDNA haplotypes, where we did 

not obtain a nDNA genotype for any of the individuals 
with a red wolf mtDNA haplotype. The highest PIDSIBS 
for five loci was 0.0081, thus any combination of five loci 
would ensure our ability to distinguish between indi-
viduals and still be below the PIDSIBS threshold of 0.01 (1 
out of 100 siblings are predicted to have matching geno-
types). We performed a matching analysis in GenAlEx 
and identified a total of 51 individuals from Galveston 
Island and 17 individuals from mainland Texas. One 
sample from Galveston Island was later revealed to be a 
domestic dog and was removed from further analyses, 
leaving 50 individuals from Galveston Island (see Addi-
tional file 1 for genotypes). We confirmed sex from 47 of 
the 50 samples from Galveston Island (16 females and 31 
males). The number of detections per individual ranged 
from 1 to 4. Three of the tissue samples from Galveston 
Island matched a fecal sample.

Analytical results
We determined the amount of red wolf ancestry from 
nDNA genotype data for 50 Galveston Island coyotes and 
the 13 Texas mainland coyotes (Fig. 3). Based on poste-
rior probability assignments of ancestry from program 
STRU​CTU​RE v2.3.4 [40], we determined that Galveston 

Fig. 2  Mitochondrial DNA haplotypes from coyote fecal and tissue samples detected on and surrounding Galveston Island, Texas. Haplotype 
accession numbers from NCBI GenBank, species code Cru represents (Canis rufus), code Cla (Canis latrans), code Clu (Canis lupus)


