
Facultative parthenogenesis (FP) – asexual 
reproduction by bisexual species – has been 
genetically confirmed in a variety of multicellular 
organisms but only recently in snakes, varanid 
lizards, birds, and sharks. Unlike the 
approximately 80 taxa of unisexual (obligate 
parthenogenetic) reptiles, amphibians, and fishes 
that exist in nature, FP has yet to be documented 
in the wild. Based on captive documentation it 
appears that FP is widespread in squamate 
reptiles and its occurrence in nature seems 
inevitable, yet the task of detecting FP in wild 
individuals has been deemed formidable.  

Here we show, using microsatellite DNA 
genotyping and litter characteristics, the first 
cases of FP in wild-collected pregnant females 
and their offspring of two closely related species 
of North American pitviper snakes – the 
copperhead and cottonmouth.  

Methods summary 

From a total of 22 litters from wild-collected pregnant A. 
contortrix, and 37 litters from wild-collected pregnant A. 
piscivorus, 2 litters were selected for molecular analysis 
following the identification of litter characteristics indicative 
of FP in Colubriod snakes (a single male offspring, multiple 
yolked ova).  

DNA was extracted from ethanol-preserved blood and 
screened at 7 (A. contortrix) and 8 (A. piscivorus) 
microsatellite loci.  

In order to calculate the probability that a male sired the 
progeny and contributed identical alleles as the mother, 
population allele frequencies were derived from adult A. 
contortrix (n = 63) and A. piscivorus (n = 45) collected within 
the source populations. Population inbreeding coefficient 
(FIS) was calculated. 

Conclusion 
The homozygous nature of the offspring in contrast to 
the respective maternal heterozygosity indicates 
terminal fusion automixis as the most likely mode of 
parthenogenesis, as recently inferred for long-term 
captive A.contortrix and A.piscivorus . This contrasts 
with obligate parthenogenetic vertebrates species (one 
blind snake, various lizards), recorded in nature, the 
majority of which utilize an apomictic form in which 
offspring develop directly from mitotic divisions of 
unreduced ova. 

The evolutionary and ecological significance of FP in 
wild-living squamates and other vertebrates hinges on 
whether parthenogens show reproductive competency. 
This is an assumption we will test with the copperhead 
and cottonmouth parthenogens in this study if they 
attain adulthood.   

Confirmation under natural conditions removes the 
prevailing dogma that FP is strictly a captive syndrome, 
thus warranting future research into the proximate 
control of induction, reproductive competence, and 
population genetics modeling. 

Table 1. Genotypes of the mothers and offspring at seven (A. contortrix) and eight (A. piscivorus) 
microsatellite loci.  

Results 

Despite maternal heterozygosity at six and four loci, 
respectively (Table 1), and collectively high population 
allelic diversity and heterozygosity (Table 2), homozygosity 
for one of the maternal alleles was observed uniformly 
across all loci in the progeny of both species. 

The probability that a male contributed identical alleles as 
the mother and thus the progeny of these litters resulted 
from sexual reproduction was infinitesimally small (A. 
contortrix p = 7.989 x 10-16; A. piscivorus p = 2.416 x 10-8) 
(Table 2). 

No evidence was found supporting significant inbreeding 
within the population of A. contortrix (FIS = - 0.011), whereas 
FIS was positive within the population of A. piscivorus 
(0.120). 
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Table 2. Population allele and homozygote frequency and combined 
probability of a male contributing identical alleles as the mother to 
the offspring.  

Introduction 

The discovery of facultative parthenogenesis (FP) in 
vertebrates can be traced to the early 1900’s with reports of 
parthenogenetic development in domestic fowl (Gllus 
domesticus).  

It has since been documented in a variety of captive 
vertebrates including a number of additional species of 
birds, reptiles, and sharks, however it has been within the 
serpents that an explosion of detection has occurred in 
recent years (Fig 1). 

As no evidence for FP has been detected in wild vertebrate 
populations, it has often been labelled a syndrome of 
captivity with little relevance to the natural world. 

Figure1. Phylogenetic placement of species exhibiting 
facultative parthenogenesis 
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