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The Corrected Taxonomic History of the North American 
Ratsnakes (Pantherophis obsoletus Complex)

Genomic data now permit investigations into speciation 
that yield unprecedented detail on processes of diversification.
In herpetology, this has helped cement broad understanding 
of relationships within amphibians and major reptile groups 
(Burbrink et al. 2020; Milián-Garcia et al. 2020; Singhal et al. 
2020; Hime et al. 2021), as well as revealing that hybridization 
and introgression are common at both deep and shallow 
phylogenetic scales (O’Connell et al. 2017; Portik et al. 2017; 
Leaché et al. 2020; Myers et al. 2020; Reyes-Velasco et al. 2020). 
Furthermore, phylogeographic studies since the naming of the 
field (Avise et al. 1987) have increasingly shown that many wide-
ranging species are composed of multiple geographic lineages, 
and that these evolutionarily lineages often conflict with 
traditional, taxonomic arrangements that are typically based 
on a few morphological characters (Leaché et al. 2002; Lemmon 
et al. 2007; Burbrink et al. 2008; Myers et al. 2013; Burbrink and 
Guiher 2015; Weinell and Austin 2017; Cox et al. 2018).

Many studies have demonstrated that divergence with gene 
flow either in primary or secondary contact is a common part 
of the speciation process, and that strict reproductive isolation 
is often not observed across the genome. Differential isolation 
across the genomes of geographic lineages is possible, with 
some chromosomal regions showing low levels of introgression 
and others showing considerable admixture (Canestrelli et al. 
2015; Martin et al. 2019; Burbrink et al. 2021). Nevertheless, it 
is possible for ancient lineages to persist in the face of ongoing 
gene flow dating back as early as the Miocene (e.g., Barth et 
al. 2020). Additionally, migration may not be equal for all loci, 
as some alleles are adapted to particular environments and 
resist introgression. This differential level of migration among 
loci is expected under a process of speciation with ecological 
adaptation via natural selection (Mayr 1963; Van Valen 1976; 
Coyne and Orr 2004; Nosil 2008, 2012; Feder et al. 2012; Harrison 
and Larson 2014; Ravinet et al. 2017).

In a recent paper on the North American ratsnakes of 
the Pantherophis obsoletus complex, Burbrink et al. (2021) 
examined the phylogeographic history of the group using 2491 
ultraconserved elements (UCEs) from 288 individual samples 
(filtered to 238) to better understand the formation of lineages 
across the landscape and address consequences of hybridization 
between species pairs. Like previous mtDNA-based analysis 
(Burbrink et al. 2000) and a morphological investigation of the 
taxa (Burbrink 2001), this recent paper confirmed the presence of 
four evolutionary lineages with varying degrees of introgression 
(Fig. 1). These corresponded (for the most part) to species 
previously designated (Burbrink 2001) as: 1) Pantherophis 
bairdi, distributed primarily in the Chihuahuan Desert of 
western Texas and northern Mexico; 2) Pantherophis obsoletus, 
mostly occurring west of the Mississippi River; 3) Pantherophis 
"spiloides" (corrected to P. alleghaniensis by Hillis and Wüster 
[2021] and Burbrink et al. [2021]), found east of the Mississippi 
River to the Atlantic Seaboard Fall Line in Virginia; and 4) 
Pantherophis "alleghaniensis" (corrected to P. quadrivittatus 
by Hillis and Wüster [2021] and Burbrink et al. [2021]), found 
southeast of the Fall Line in Virginia to the Florida Keys.

The range of Pantherophis "spiloides" (now corrected to P. al-
leghaniensis), referred to as the Central lineage in Burbrink et al. 
(2021), was found to extend farther east and southeast relative to 
the Central mtDNA lineage of Burbrink et al. (2000) and the mor-
phological clade of Burbrink (2001). For P. alleghaniensis (now 
corrected to P. quadrivittatus), referred to as the Eastern lineage 
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in Burbrink et al. (2021), populations were found not to extend as 
far north as the Eastern mtDNA lineage of Burbrink et al. (2000) 
or morphological clade of Burbrink (2001). Instead, it corresponds 
more closely to the mostly striped forms of these snakes found in 
the Atlantic Coastal Plain of the southeastern USA (see Ernst and 
Ernst 2003). These revised geographic ranges now each encom-
pass different type localities (Fig. 1).

Although a detailed nomenclatural treatment of this complex 
was not the focus of Burbrink et al. (2021), Hillis and Wüster (2021) 
quickly pointed out from an early view of the manuscript (now 
corrected in the supplemental information of that paper) that 
the names of the former Central and Eastern lineages from Bur-
brink (2001) would need to be changed from P. spiloides to P. al-
leghaniensis and P. alleghaniensis to P. quadrivittatus, respectively. 
Unfortunately, Hillis and Wüster (2021) made errors in both the 
nomenclatural treatment of the group and in proposing to name 
a paraphyletic species. We provide a detailed taxonomic history 
of the P. obsoletus complex and address these corrections in the 
present paper.

Taxonomic Overview.—We begin by providing an overview 
and synonymy of available names for North American ratsnakes 
of the Pantherophis obsoletus complex, highlighting and clarifying 
ambiguities and misunderstandings arising both from the histori-
cal literature and several recent studies (Burbrink et al. 2021; Hillis 
and Wüster 2021). A number of names have been associated with 
the various geographic forms of these taxa, some of which have 
uncertain allocation or unclear type localities (see Dowling 1952; 
Burbrink 2001). Additionally, the valid names for currently recog-
nized species have shifted over time, coincident with our evolving 
understanding of species boundaries (Burbrink et al. 2021).

The first name potentially associated with this complex is 
Coluber ovivorus Linnaeus, 1758:223. This species was briefly 
described by Linnaeus without an illustration or explicitly cata-
logued type specimen. He merely noted that it had 203 ventrals 
and 73 subcaudals, was collected by Kalm, resembled a Brazilian 
snake “Guinpuaguara” described by Piso (1658), and had “Habitat 
in America.” The description by Piso (1658) contains no illustra-
tion or reference to a specimen, noting only that the species is 
large, blue (“colore caeruleo”), fast, harmless, possibly aquatic, 
and consumes fowl and their eggs. Allocating this description is 
likely impossible. Daudin (1803) applied this name to the species 
now known as Farancia abacura (= Coluber abacurus Holbrook, 
1836:119), which was then already known from the writings of 
Bartram (1791). Klauber (1948) noted that Kalm collected snakes 
for Linnaeus in New York, New Jersey, Pennsylvania, and Ontario 
from September 1748 to February 1751, and thus would not have 
encountered any snake from Brazil or Farancia, which has fewer 
subcaudals (range: 31–50) than any member of the P. obsoletus 
complex (range: 60–96; Palmer and Braswell 1995; Burbrink 2001; 
Ernst and Ernst 2003).

Say, in James (1823), notes that his species Coluber obsoletus 
(see below) approaches “that uncertain species C. ovivorus” in 
scutellation, though modern analyses typically find no fewer than 
220 ventrals for any member of the “obsoletus” complex (Bur-
brink 2001). Klauber (1948) further suggested that Scotophis vul-
pinus Baird and Girard, 1853 was the most likely candidate given 
the scutellation and location, though that species, too, rarely has 
more than 70/71 subcaudals (Crother et al. 2011; Schultz 1996). 
This would also account for the similarity Say in James (1823) not-
ed to his taxon, as both P. vulpinus and P. obsoletus are of roughly 
similar size, coloration, and scutellation. 

However, we concur with Klauber (1948) that Coluber ovivorus 
Linnaeus, 1758 is a nomen dubium and cannot be allocated 
confidently to any species at present. Additional evidence could 
arise (such as Kalm’s specimen or an illustration thereof) linking 
the name to a species currently recognized under what would 
then be a junior subjective synonym, such as Scotophis vulpinus 
Baird and Girard, 1853. It would then undoubtedly qualify for 
Reversal of Precedence under Article 23.9 and be designated a 
nomen oblitum.

Lacépède (1789:333) named a snake, “La réticulaire” from 
Louisiana, the vague description of which could potentially repre-
sent a ratsnake. He notes that it has a network of whitish connec-
tions (reticulations) around the dorsal scales through which the 
body can be seen, a length of 3 feet 11 inches total, and 218 ventral 
scales and 80 subcaudals. Wallach et al. (2014) listed the Latini-
zation Coluber reticulatus Lacépède, 1789:38 as a synonym of P. 
obsoletus, noting that it was a rejected name, as much of Lacépède 
(1789) was suppressed by Opinion 1463 of the ICZN as a non-
binomial work (Anonymous 1987). However, Daudin (1803:281) 
validated this name, essentially reprinting the description from 
Lacépède (1789). Based on the illustration (Lacépède 1789:pl. 15) 
as noted by McCranie (1980), this name instead refers to Coluber 
corais Boie, 1827:537 (= Drymarchon corais). 

The earliest valid name for the North American ratsnake 
complex is Coluber obsoletus Say in James 1823:140, type locality 
“on the Missouri from the vicinity of Isle au Vache to Council 
Bluff.” Isle au Vache (“Cow Island”) was the site of Cantonment 
Martin, an Army outpost near Atchison, Kansas established by 
Stephen H. Long, under whose command James, Say, and others 
engaged in the expedition that produced the type specimens (see 
Dundee 1996; Meyers 2010). After course changes of the Missouri 
River, Cow Island (Fig. 1; 1) is now on the Missouri side and is 
no longer a distinct island; the historical locality is just south of 
Iatan, Missouri. Dowling (1952) recommended restricting the type 
locality to Cow Island if necessary, but Schmidt (1953) instead 
restricted it to Council Bluffs, Iowa (Fig. 1; 2). Dundee (1996) later 
revised this to “Isle au Vache” (Cow Island) but noted the potential 
uncertainty in exactly where the specimens were originally 
encountered. Three syntypes were described by Say, which 
Dowling (1952) notes were likely originally in the Peale Museum of 
Philadelphia but are not currently known to exist. A neotype is not 
warranted, as the identity of this taxon is not in dispute (Article 75 
of the ICZN; Anonymous 1999).

The next valid and available name is Coluber alleghaniensis 
Holbrook, 1836:111. The description is based on two syntypes, as 
Holbrook states “The specimen figured [Pl. 20] had 235 abdominal 
plates and 78 pairs of subcaudal scales; a second, 240 plates and 
84 scales.” He then notes: “This fine specimen was captured on 
the summit of the Blue Ridge in Virginia, by Mr. George Robbins 
of this city. Mr. Wilkens, of New York, also favoured me with a 
specimen from the Highlands of the Hudson. It is probable that 
its range extends throughout the Alleghanies.” Thus, it is clear that 
“This fine specimen” refers to the illustration in Pl. 20, which is Mr. 
Robbins’ syntype from “the summit of the Blue Ridge in Virginia,” 
while the other syntype is Mr. Wilkens’ from “the Highlands of 
the Hudson.” Holbrook then says: “The animal in confinement 
seemed of an exceedingly mild and gentle disposition; forming 
in this respect quite a contrast with its fellow prisoners, two 
individuals of the common Black Snake, (Coluber constrictor), 
who maintained at all times their original wildness. It lived several 
months, and is now deposited in the Museum of the Academy of 
Natural Sciences.”
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Fig. 1. Geographic distribution of the four species of North American ratsnakes from Burbrink et al. (2021) where degree of fading 
represents widths of hybrid zones between species pairs (see Fig. 2 for numerical estimates of hybrid zone widths). Points represent all 
individual samples (N = 238), and colors reflect discriminant analysis of principal components (DAPC) designations. Black pentagons 
represent localities for the indicated type species and their description dates.
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It is not immediately clear which of the two syntypes 
Holbrook deposited in the Museum of the Academy of Natural 
Sciences (ANSP). From the context, one might assume that 
Holbrook is referring to the specimen figured in Pl. 20: Mr. 
Robbins’ syntype from Virginia. In contrast, Malnate (1971) lists 
ANSP 16792 as a syntype collected by “Mr. Wilkins [sic]” from 
“New York, highlands of the Hudson.” However, cataloguing 
specimens and documentation of types at the ANSP did not 
generally begin until the tenures of Fowler and Dunn in the 
early 20th century (see Malnate 1971) and was occasionally 
based on scant or ambiguous evidence (see discussion in Pyron 
and Beamer 2020 and references therein). Luckily, Holbrook 
states that the specimen figured in Pl. 20, which he directly 
states is Mr. Robbins’ syntype from Virginia, has 235 ventrals 
and 78 subcaudals. This necessarily implies that Mr. Wilkens’ 
syntype from New York has 240 and 84.

We examined ANSP 16792 and the associated labels and 
made several relevant observations. First, there are two very old 
calligraphic labels in the jar with the specimen. The first states 
“Coluber obsoletus, Say. Dr. Holbrook. New York.” The second 
reads “Coluber Alleghaniensis Holbrook (North Amer. Herp. 
Vol. 3 pl. 19) New York Dr. Holbrook.” Thus, a later cataloguer, 
possibly Cope, Fowler, or Dunn, mistakenly attributed the 
description of this species to Holbrook (1842), from the 3rd 
volume of the 2nd edition. Holbrook had modified the text of 
the account for this edition (Holbrook 1842:86) to remove the 
text indicating that “this fine specimen [i.e., the specimen 
illustrated in Pl. 20 of Holbrook 1836] was captured on the 
summit of the Blue Ridge, in Virginia, by Mr. George Robbins, 
of this city.” The text regarding the captive disposition of the 
specimen and its deposition at ANSP was left unchanged. Thus, 
Holbrook (1842) gives the impression that the specimen being 
discussed is that of Dr. Wilckens (= Mr. Wilkens in Holbrook 
1836). Therefore, it seems that workers at the ANSP simply 
followed this later account and assumed that Holbrook’s 
specimen of Coluber alleghaniensis in the collection was Mr. 
Wilkens’, from the Highlands of the Hudson in New York. This 
inference was repeated by Malnate (1971) and later authors 
such as Hillis and Wüster (2021).

As Holbrook (1836) provided the scale counts for both 
specimens, we were therefore able to address this question 
empirically. He gave his counts prior to the standardized 
method of Dowling (1951a), and it is thus difficult to determine 
exactly where he started and stopped counting ventral and 
subcaudal scales. Accordinly, we counted from the first 
chin shield to the anal plate, and every post-anal subcaudal. 
Furthermore, imperfect preservation made ventral counts 
difficult in some regions of the body. Four of us (FTB, RAP, 
ADM, and EAM) used detailed photos of the specimen and 
counted independently; we obtained counts ranging from 
231–236 ventrals and 78 subcaudals. All of these counts are less 
than the 240/84 reported by Holbrook (1836) for Mr. Wilkens’ 
syntype from New York and are in line with the 235/78 for Mr. 
Robbins’ syntype from Virginia.

Therefore, we conclude that it is Mr. Robbins’ specimen 
from Virginia, being the individual illustrated in Pl. 20 of 
Holbrook (1836) with 235 abdominal plates and 78 pairs 
of subcaudal scales, which Holbrook describes keeping in 
captivity and subsequently depositing in the Museum of the 
Academy of Natural Sciences. Its later mis-cataloguing as Mr. 
Wilkens’ specimen from the Highlands of the Hudson in New 
York (e.g., Malnate 1971) was an understandable error by a later 

worker, likely Cope, Fowler, or Dunn working from Holbrook 
(1842), which seemingly implied that the specimen was Dr. 
Wilckens’ from New York. 

Thus, we designate ANSP 16792 as the lectotype of Coluber 
alleghaniensis Holbrook, 1836. Burbrink (2001) regarded this 
specimen as the holotype, but it was actually a syntype at the 
time. The type locality of this species thus becomes restricted 
to “the summit of the Blue Ridge in Virginia.” Taken literally, 
this is Mt. Rogers at 1,746 m (Fig. 1; 3) but might be taken more 
generally as the Virginia portion of the Blue Ridge Escarpment 
running from Mt. Rogers to Harpers Ferry. This is outside the 
potential zone of taxonomic uncertainty and within the range of 
the Central clade of Burbrink (2001) and Burbrink et al. (2021). 
Mr. Wilkens’ specimen from the Highlands of the Hudson, New 
York, thus becomes a paralectotype, if it still exists. However, we 
find reason to believe it does, in the MNHN in Paris (see below).

Regarding the name Coluber alleghaniensis Holbrook, 
1836, Hillis and Wüster (2021) made several errors. First, they 
cited “Holbrook, J. E. 1836. North American Herpetology; or, A 
Description of the Reptiles Inhabiting the United States. First 
edition, Vol. III. J. Dobson, Philadelphia.” The correct citation 
is, in fact, Vol. I., as Vol. III of the first edition was not published 
until 1838 and concerns turtles, lizards, frogs, and salamanders 
(Worthington and Worthington 1976). Second, they quoted 
the altered geographical distribution from Holbrook (1842) 
as evidence, though this later volume does not carry any 
nomenclatural force for allocating the syntypes or type locality. 
Third, in reference to their incorrect quotation of Holbrook (1842) 
rather than Holbrook (1836), they state “Given that Holbrook 
specifically mentioned the specimen furnished to him by Dr. 
Wilckens, from the ‘Highlands of the Hudson’ in New York, this is 
likely the specimen that was illustrated by Holbrook.” However, 
the original description from Holbrook (1836) plainly states that 
Pl. 20 illustrates Mr. Robbins’ specimen (now the lectotype) from 
“the summit of the Blue Ridge in Virginia.” 

The next relevant nomen is Coluber quadrivittatus Holbrook, 
1836:113, illustrated in Pl. 21. The specimen illustrated is 
necessarily the holotype, as only a single specimen was 
described; for example: “Abdominal plates 233, and 90 pairs of 
subcaudal scales.” Holbrook (1836) notes that Bartram (1791) 
had called this the “chicken snake”. He was already clearly 
familiar with the broad distribution of this striped morphotype, 
stating, “It is found from North Carolina to Florida, and westward 
as far as the Mississippi: being entirely unknown in the northern 
and middle States. Habits. This animal is by no means rare in 
South Carolina…” The range given here by Holbrook is incorrect, 
as we note this taxon (and the striped morphology) does not 
extend west into the panhandle of Florida or central Georgia and 
certainly not as far west as the Mississippi River. Regarding the 
type specimen and type locality, Dowling (1952) noted that: “The 
disposition of the type was not given in the original description, 
but most of Holbrook’s material is now in the collection of the 
Academy of Natural Sciences of Philadelphia. Among the snakes 
is one of this subspecies (ANSP 3773) which he donated. It comes 
from “South Carolina” and has the approximate dimensions and 
the same scutellation as that given for the type. In the absence 
of any evidence to the contrary, it appears reasonable to assume 
this to be the type specimen. The scutellation and coloration 
given in the original description leave no doubt that Holbrook 
had a specimen from the northern part of the range before him, 
and with the evidence at hand it appears plausible to restrict the 
type locality to the state of South Carolina.”
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Thus, we can safely regard ANSP 3773 as the holotype figured 
in Pl. 21, and the type locality as Charleston, South Carolina 
(Fig.1; 4), as later restricted by Schmidt (1953). We examined this 
specimen and found it to match Holbrook's original description 
and Dowling (1952)'s account.

Baird and Girard (1853) then named a new species Scotophis 
lindheimerii Baird and Girard, 1853:74, based on the description 
of a specimen from New Braunfels, Texas (Fig. 1; 5, likely lost, 
see below) and another from Indianola, Texas (Fig. 1; 6; National 
Museum of Natural History, Smithsonian Institution [USNM] 
1734). The description and comparison by Baird and Girard 
(1853) to Coluber alleghaniensis Holbrook, 1836 leave no doubt 
as to the conspecificity of this taxon with Coluber obsoletus Say 
in James, 1823, and it was recognized as a subspecies thereof 
for many years (see Burbrink 2001). Baird and Girard (1853) 
also recognized C. obsoletus but had received specimens of 
Drymarchon melanurus with this label from Arthur Schott, 
taken at Eagle Pass, Texas. Thus, they believed C. obsoletus to 
be an Indigo Snake, and placed it in a new genus Georgia Baird 
and Girard, 1853:92 with Coluber couperi Holbrook, 1842:75 (= 
Drymarchon couperi). 

Dowling (1952) notes that USNM 1733 is listed in the 
NMNH catalogue as the holotype of Scotophis lindheimerii 
(see also Cochran 1961). However, Stejneger (a later curator of 
the USNM) apparently misidentified a specimen of the Great 
Plains Ratsnake, Pantherophis emoryi (= Scotophis emoryi Baird 
and Girard, 1853:157) when updating the USNM catalogue and 
identifying types, accessioning it as USNM 1733 and labeling it 
the type of S. lindheimerii. We find no indication in Baird and 
Girard (1853) that the New Braunfels specimen was intended 
as the holotype and the Indianola specimen as a paratype, and 
instead treat them as syntypes. Thus, we designate USNM 1734 
as the lectotype of Scotophis lindheimerii Baird and Girard, 
1853, which Dowling (1952) and our photographic examination 
confirm matches the original description. The whereabouts of 
the paralectotype, which is not USNM 1733, are unknown.

Baird and Girard (1853) also named Scotophis confinis 
Baird and Girard, 1853:76 based on the description of a small 
specimen from Anderson, South Carolina (Fig. 1; 7; USNM 1563). 
The description and our examination of the holotype reveals a 
normal young ratsnake with the typical juvenile pattern showing 
light ground color with darker blotches; Baird and Girard (1853) 
were seemingly unfamiliar with the juvenile color-pattern 
of the group. They instead compared it to Coluber guttatus 
Linnaeus, 1766:385 (= Pantherophis guttatus), apparently 
without recognizing that the similarity would only hold in 
juveniles of ratsnakes from this locality, as the saddle pattern 
fades ontogenetically. The name “confinis” was occasionally 
used for populations where both adults and juveniles present 
a gray ground color and darker saddles (seen in specimens east 
of Louisiana to northwestern Florida) by authors such as Neill 
(1949), who considered the type locality to be uncertain and thus 
applied the name to more westerly populations. However, it later 
came to be regarded as a junior subjective synonym of Coluber 
obsoletus Say in James, 1823 or the other subspecies thereof with 
similar color-patterns (see Dowling 1952; Schulz 1996).

Finally, Baird and Girard named Scotophis laetus Baird and 
Girard, 1853:77 based on the description of a holotype (now 
lost fide Dowling 1951b) from “Red River, Ark.,” which was 
later restricted to southwestern Oklahoma or the eastern Texas 
panhandle by Dundee (1950). This juvenile specimen with 227 
ventrals, 77 subcaudals, and 29 dorsal scale rows was noted to be 

very similar in coloration to S. confinis and have close affinities 
to S. vulpinus. The description was long thought to be that of 
a juvenile “Elaphe” emoryi, but was instead shown by Dowling 
(1951b) to represent “E.” obsoleta based primarily on scale 
counts. Thus, he resurrected “E.” emoryi for the Great Plains 
Ratsnake and designated “E.” laeta a junior subjective synonym 
of “E.” obsoleta.

Duméril et al. (1854) then named two species from this 
complex. The first, Elaphis spiloides Duméril, Bibron, and 
Duméril, 1854:269, is based on MNHN-RA-0.827 from New 
Orleans, Louisiana (Fig. 1; 8). This taxon was recognized as a 
subspecies of Coluber obsoletus Say in James, 1823 for many 
years (e.g., Dowling 1952), then as a species following Burbrink 
(2001). Using discriminant functions analysis (DFA) on mensural 
and meristic measurements, Burbrink (2001) was able to 
confidently place this specimen displaying the typical blotched 
color pattern within the morphometric range of the Central 
mitochondrial lineage, thus finding no disagreement with the 
designated type locality. However, as noted by Hillis and Wüster 
(2021) based on the results of Burbrink et al. (2021) [but cited 
as Burbrink et al. (in press)] allocation of the type specimen to 
either the Central or Western nuclear clade of Burbrink et al. 
(2000) is ambiguous, as the lower Mississippi River Valley is a 
zone of overlap, hybridization, and admixture between these 
two lineages, despite its morphological distinctiveness from 
both eastern and western populations.

Similarly, Elaphis holbrookii Duméril, Bibron, and Duméril, 
1854:272 was named based of the description of two specimens, 
MNHN-RA-0.7256 from New York (collected by Jacques-Gérard 
Milbert) and MNHN-RA-0.829 from “Charlestown” (collected 
by John Edwards Holbrook). Presumably, Duméril et al. (1854) 
meant Charleston, South Carolina when referring to Holbrook’s 
specimen from “Charlestown.” Many of Holbrook’s specimens 
are labeled as coming from Charleston, South Carolina, as that 
was the port from which he shipped them to museums, while 
the specimens themselves were often collected elsewhere 
(see Adler 1976). However, the MNHN catalogue refers the 
specimen to Boston, Massachusetts, of which Charlestown is 
the oldest neighborhood (Fig. 1; 9) and was originally a separate 
town and then city until its annexation by Boston in 1874. This 
locality designation is likely a cataloguing error by a later worker 
unfamiliar with Holbrook, his residence in South Carolina, and 
the idiosyncrasies of historical placename spellings in American 
geography. We also note that ratsnakes are currently not found 
near Boston, Massachusetts and the species is quite rare in the 
state (Jackson et al. 2010; but see the few recent reports from the 
vicinity on iNaturalist). 

In any event, upon examination of photographs, both are 
clearly large ratsnakes of the black form from the northeastern 
United States, though the specific place of origin of Holbrook’s 
specimen is unclear. Our ventral (239/240) and subcaudal 
(83/84) counts for Holbrook’s specimen ascertained as described 
above for the holotype of Coluber alleghaniensis Holbrook, 1836, 
match those of the missing syntype from New York. Thus, it seems 
probable that MNHN-RA-0.829 is Mr. Wilkens’ paralectotype of 
Coluber alleghaniensis from the Highlands of the Hudson, New 
York, which Holbrook (1836) reported as having 240 and 84 
ventral and subcaudal scales, respectively. Holbrook donated 
many specimens to Paris during his lifetime (Worthington 
and Worthington 1976). This would render Elaphis holbrookii 
Duméril, Bibron, and Duméril, 1854 a junior objective synonym 
of Coluber alleghaniensis.
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Though Duméril et al. (1854) dedicate Elaphis holbrookii 
to Holbrook, they curiously omit mention of his existing 
name “Coluber alleghaniensis” from New York, despite citing 
Holbrook (1842) in their account of “Elaphis quadri-vittatus” on 
p. 265, which they provide as a new combination for “(Coluber 
quadrivittatus. Holbrook).” Whether they were aware that the 
specimen Holbrook had given them already represented this 
taxon is unclear. We also note (see Wallach et al. 2014) that 
Elaphis holbrookii had first been introduced as a nomen nudum 
by Duméril (1853:456) in his “prodrome” to the classification of 
snakes to be introduced in later volumes including Duméril et al. 
(1854). However, his use of “nobis” in the list of species indicates 
that he is merely indexing a name that would later be described 
at length by himself, his son, and their colleague Bibron.

A related species from the Chihuahuan Desert of Texas, New 
Mexico, and Mexico is Coluber bairdi Yarrow in Cope, 1880:41, 
named from the holotype USNM 10403 “secured near Fort Davis, 
Tex., … in the Apache Mountains, 50 miles from the Mexican 
border or Rio Grande, Northwest of Presidio del Norte” (Fig. 1; 10). 
This taxon was considered as a subspecies of P. obsoletus (Dowling 
1952) until Olson (1977) and confirmed as a species by Lawson and 
Lieb (1990). Pantherophis bairdi is a distinct species supported by 
all molecular and morphological analyses (Burbrink et al. 2000, 
2021; Burbrink 2001). However, it is sister to the Western clade 
of Burbrink et al. (2000, 2021), thus rendering paraphyletic the 
Eastern/Central/Western “taxon” of ratsnakes that were previously 
considered conspecific, within which hybridization is observed 
between the Eastern/Central and Central/Western lineage pairs 
(Burbrink et al. 2021). Thus, some philosophical consideration 
of operational and theoretical species concepts is merited by 
such an instance of “budding” or paraphyletic speciation within 
a broadly cohesive species group (see Rosen 1979; Cracraft 1983; 
Velasco 2008). We discuss this in more detail below.

Subsequently, Cope named the subspecies Coluber obsoletus 
lemniscatus Cope, 1888:386 based on descriptions of specimens 
from Mobile, Alabama (Fig 1; 11; ANSP 10893), Whitfield County, 
Georgia (Fig 1; 12; USNM 248870), and Augusta, Georgia (Fig 1; 
13; USNM 8798). He stated that it was intermediate between 
Coluber obsoletus Say in James, 1823 and Coluber quadrivittatus 
Holbrook, 1836. Based on his description, examination of USNM 
248870, and the results of Burbrink et al. (2021), it is clear that the 
syntypes span the zone of intergradation between the Eastern and 
Central lineages of Burbrink et al. (2000). Thus, this nomen cannot 
be confidently associated with either taxon. To remedy this, we 
designate the syntype USNM 248870 from Whitfield County, 
Georgia as the lectotype, rendering Coluber obsoletus lemniscatus 
Cope, 1888 a junior subjective synonym of Coluber alleghaniensis 
Holbrook, 1836.

Finally, the 1930s to 1950s saw a plethora of new taxonomic 
descriptions in North America, subspecies in particular 
(see Vinarski 2015; Uetz and Stylianou 2018), including the 
naming of four ratsnake taxa from peninsular Florida. All are 
now understood to be junior subjective synonyms of Coluber 
quadrivittatus Holbrook, 1836, but were originally described 
based on color-pattern variation that mid-20th-century workers 
interpreted as evolutionarily significant. These are: 

1.  Elaphe quadrivittata deckerti Brady 1932:5, named based on 
the description of USNM 84295 (holotype) and MCZ 29134 
and 29322 (paratypes) from Lower Matecumbe Key, Florida 
(Fig. 1; 14). Florida Keys populations of ratsnakes often have 
faded or reduced color patterns, and occasionally retain 

faint blotches into adulthood, though these characters are 
quite labile (Burbrink 2001).

2.  Elaphe williamsi Barbour and Carr 1940:340, named based 
on the description of MCZ 45705 (holotype) and MCZ 
45706-45707 (paratypes) from “near Lebanon, Levy County, 
Florida” (Fig. 1; 15). Ratsnake populations from the Gulf 
Hammock region of Florida are often intermediate between 
the gray, blotched form and the yellow, striped form. They 
simultaneously bear stripes and blotches, with a yellowish, 
brownish, tan, gray or beige ground color.

3.  Elaphe quadrivittata parallela Barbour and Engels 
1942:103, named based on the description of MCZ 46468 
from Shackleford Banks, Carteret County, North Carolina 
(Fig. 1; 16). Individuals of this form are often intermediate 
between the black, solid-colored, and the yellow, striped 
forms. In particular, the holotype possesses a gray dorsum 
with dark transverse dorsal blotches as well as stripes.

4.  Elaphe obsoleta rossalleni Neill 1949:1, named based on the 
description of WTN 18881 (= UF 16264) collected “22 miles 
northwest of Fort Lauderdale, Broward County, Florida 
(near junction of State Highways 25 and 84)” (Fig. 1; 17). 
Additionally, Neill included 16 unnumbered paratypes from 
“Lakeport, Glades County; 10 miles west of Lake Worth, 
Palm Beach County; 18 miles west of Fort Lauderdale, 
Broward County; about 20 miles northwest of Miami, near 
Dade-Broward County line; 14 miles north of Miami, Dade 
County; northern Collier County near Immokalee; extreme 
southern tip of Sarasota County, Florida.” These are not 
known to exist and may have been destroyed by Neill (P. 
Moler, pers. comm.). Neill distinguished the southern 
Florida populations of ratsnakes primarily by their orange 
ground color and red tongue, as compared to the more 
yellow northerly populations, which typically also have 
darker tongues.

As can be seen from the above historical summary, the 
North American ratsnake complex endured a tortured and 
tumultuous taxonomic history from the early 19th century 
through the entire 20th century. Various authors erected 
complex classifications, usually based entirely on color-pattern 
variation, with minute dissections of supposed “intergrade” 
populations and local adaptations in phenotype (Neill 1949; 
Conant and Collins 1991; Schulz 1996). Preliminary attempts to 
resolve nomenclature and taxonomy, such as that of Dowling 
(1952:1) were limited, and he noted that “detailed variational 
studies of the species E. guttata, E. vulpina and E. obsoleta will 
not be completed for some time.”

In the first molecular phylogeographic analysis of the 
group, Burbrink et al. (2000) noted the presence of three main 
mitochondrial clades in what was then considered a single 
polytypic species, Elaphe obsoleta: Eastern, Central, and 
Western, with E. bairdi as the sister group to the Western clade. 
Though he noted a potential area of taxonomic uncertainty 
possibly including portions of the Blue Ridge in Virginia and 
Highlands of the Hudson in New York, Burbrink (2001) assigned 
the name Elaphe alleghaniensis (Holbrook, 1836) to the Eastern 
clade, Elaphe spiloides (Duméril, Bibron, and Duméril, 1854) to 
the Central clade, and Elaphe obsoleta (Say in James, 1823) to 
the Western clade, while continuing to recognize Elaphe bairdi 
(Yarrow in Cope, 1880).

Using a genome-scale UCE dataset, Burbrink et al. (2021) 
resolved much of the spatial complexity of hybridization in 
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the group. They clarified the partially admixed nature of the 
potential zone of taxonomic uncertainty identified by Burbrink 
(2001), as well as estimating gene flow between all adjacent 
lineage pairs. They continued to use the taxonomic scheme 
erected by Burbrink (2001). Despite the errors committed by 
Hillis and Wüster (2021) as described above, those authors 
correctly noted that the population assignments based on 
discriminant analyses of principal components (DAPC) from 
Burbrink et al. (2021, Fig. 1C) alter the names of the two lineages 
originally inferred by Burbrink (2001). This fact was originally 
overlooked by Burbrink et al. (2021) but was corrected in the 
supplementary material briefly describing potential taxonomic 
treatments. Specifically, the summit of the Blue Ridge in 
Virginia is within the range of the Central clade, which must 
thus assume the name Pantherophis alleghaniensis (Holbrook, 
1836). Charleston, South Carolina is within the range of the 
Eastern clade (now understood to be primarily distributed in 
the southeastern US), necessitating application of the name P. 
quadrivittatus (Holbrook, 1836) to this lineage.

Arguments can be made concerning the recognition of P. 
alleghaniensis and P. quadrivittatus as different species; these 
lineages exhibit substantial inter-lineage gene flow compared 
to P. obsoletus and P. bairdi. There is, however, strong evidence 
supporting the existence of a process of lineage divergence and 
maintenance between P. alleghaniensis and P. quadrivittatus, 
rejecting the hypothesis that these species represent a single 
lineage. They are, quite evidently, geographically parapatric, 
ecologically distinct, and morphologically diagnosable. 
Furthermore, we note that optimal models selected by numerous 
methods converge on a four-taxon solution, indicating some 
degree of objective distinctiveness of these lineages. Combined 
with the spatial, phenotypic, and environmental distinctiveness 

of the lineage existing in the southeastern USA, we continue 
to recognize all four as species, with P. alleghaniensis and P. 
quadrivittatus occurring in the “gray zone” of the General 
Lineage Concept (de Queiroz 2007).

 
Evolutionary & Taxonomic Interpretations.—In their revised 

treatment of this group, Hillis and Wüster (2021) suggested 
the following: “If they are considered subspecies, given the 
broad areas of intergradation among all the forms where they 
come into contact, then they should be called P. o. obsoletus, P. 
o. alleghaniensis, and P. o. quadrivittatus, respectively.” Given a 
recent paper by Hillis (2020) indicating that he believes subspecies 
are historical lineages showing incomplete reproductive 
isolation, it is concerning that Hillis and Wüster (2021) would 
consider grouping lineages into a single paraphyletic species 
(Fig. 2).

This proposal likely follows from the history of taxonomic 
suggestions in Olson (1977) where Pantherophis bairdi was 
considered a separate species from the remaining complex of 
P. obsoletus subspecies. This recognition of two groups, P. bairdi 
and the polytypic P. obsoletus, was continued through most 
scientific and popular literature into the early 2000s (e.g., Conant 
and Collins 1991). Previous to this, P. bairdi was considered 
as one of a number of subspecies within P. obsoletus (see 
description above; Dowling 1952; Burbrink 2001). Since then, all 
phylogenetic treatments have shown that P. bairdi is the sister 
taxon to the Western lineage (P. obsoletus) using mtDNA (Burbrink 
et al. 2000), nuclear and mtDNA (Pyron and Burbrink 2009a), 
and genomic data in the form of anchored hybrid enrichment 
loci (Chen et al. 2017; in part) and ultraconserved elements 
(Burbrink et al. 2021; Fig. 2). Therefore, this proposal by Hillis 
and Wüster (2021) advocates for a single paraphyletic species, 

Fig. 2. A) Phylogeny of North American ratsnakes using all phased loci from Burbrink et al. (2021) times using the polymorphism aware model 
(PoMo) and bootstrapped 1000 times in IQ-Tree (Minh et al. 2020). Arrows and associated numbers represent estimates and directionality of the 
number of migrants/generations assessed from PipeMaster (Gehara et al. 2020). Numbers in brackets show median estimates of hybrid-zone width; 
B) taxonomic proposal suggested by Hillis and Wüster (2021) rendering a paraphyletic Pantherophis obsoletus complex with respect to P. bairdi.
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P. obsoletus composed of P. o. obsoletus, P. o. alleghaniensis, and 
P. o. quadrivittatus all sister to P. bairdi. Previous literature has 
long discussed the problem of recognizing paraphyletic species 
(Rosen 1978; Cracraft 1983; Donoghue 1985) as a consequence of 
applying the Biological Species Concept (BSC) and ignoring the 
genealogical history of the organisms.

The problem here when adopting the BSC, which both 
groups and ranks taxa simultaneously, is that the resulting 
classification does not reflect the phylogenetic structure (Rosen 
1978; Cracraft 1983; Velasco 2008). The earliest divergence within 
the Pantherophis obsoletus complex occurred at the Mississippi 
River separating the ancestor of P. bairdi and P. obsoletus from 
the ancestor of P. alleghaniensis and P. quadrivittatus. Gene 
flow, while less than 1 individual/generation on average, is 
still present between two of the deepest non-sister lineages, P. 
obsoletus and P. alleghaniensis. There is a zone of hybridization 
on the eastern side of the Mississippi River, however, reflecting 
the earliest and deepest split in the complex there are 747 
loci with large fixation indices (FST > 0.35; 88 loci at FST > 
0.90) between species and narrow clines for 134 loci. This is 
consistent with recent research in other organisms showing 
differential introgression among alleles (Canestrelli et al. 2015; 
Martin et al. 2019).

Furthermore, as we calculate using these data, bootstrap 
estimates of FST over the entire genome are large and range 
from 0.45–0.49 between these taxa. We also note that even 
Pantherophis bairdi and P. obsoletus (Lawson and Lieb 1990; 
Vandewege et al. 2012; Burbrink et al. 2021) are not completely 
reproductively isolated, show fewer loci with FST > 0.35 (N = 76 
and only eight with FST > 0.90), and lower genome-wide FST values 
(0.22–0.29) when compared to P. obsoletus/P. alleghaniensis. 
Degree of reproductive isolation with respect to the size of 
hybrid zones and migration/generation is often arbitrarily 
chosen when used to define species, let alone a concept so 
vaguely or poorly defined as “subspecies”. To the east, the hybrid 
zone between P. alleghaniensis and P. quadrivittatus is much 
larger with the highest rates of gene flow between any of these 
species-pairs, fewest number of loci with large fixation indices 
(N = 16 loci with FST > 0.35), and lowest values of genome-wide 
fixation (genome-wide FST = 0.07–0.09; Fig. 2). In contrast, 
gene flow between the sister species P. bairdi and P. obsoletus is 
very reduced and also shows a small hybrid zone (Lawson and 
Lieb 1990; Vandewege et al. 2012; Burbrink et al. 2021), which 
likely represents incomplete reproductive isolation between 
species in unique habitats. This situation represents the 
classic problem when using the BSC (degree of reproductive 
isolation) to determine species status: 1) divergence of two 
clades with each clade having two lineages where spatially 
adjacent lineages remain reproductively connected; 2) one 
lineage becomes largely reproductively isolated into a unique 
habitat which is younger than the oldest divergence, while 
the remaining three exhibit greater reproductive connectivity, 
and 3) these three lineages still retaining genetic connection 
are then inappropriately classified as a single species despite 
phylogenetic history (Rosen 1978; Cracraft 1983; Velasco 2008).

We propose that all four lineages be considered species: 
Pantherophis obsoletus, P. bairdi, P. alleghaniensis, and P. 
quadrivittatus. As argued in Burbrink et al. (2021), considerable 
gene flow between P. alleghaniensis and P. quadrivittatus may 
be rapidly merging these two lineages, and some may prefer to 
not recognize them as different species (see discussions on this 
phenomenon in Garrick et al. 2019). Alternatively, these lineages 

may be in a constant state of incomplete reproductive isolation 
or reproductive isolation may be increasing. Collapsing these 
two species is taxonomically consistent with the results from 
Burbrink et al. (2021) for recognition of only P. bairdi (mostly 
found in the northern Chihuahuan Desert), P. obsoletus (mostly 
found west of the Mississippi River), and P. alleghaniensis 
(found east of the Mississippi River). We point out that the deep 
phylogeographic history of all four lineages, even between P. 
alleghaniensis and P. quadrivittatus, still exists and the presence 
of hybrid zones can be detected. For any of these species, what 
biological information is gained by collapsing taxa?

Furthermore, we point out that Hillis (2019, 2020) and Hillis 
and Wüster’s (2021) criticisms and proposals seem to ignore the 
ordinary progress of knowledge via the scientific method. This 
has the effect of lobbing extensive criticism at past researchers 
and studies which obviously cannot respond and were operating 
under the best possible information and intentions at the time, 
as well as demanding an unrealistic standard of completeness 
in taxonomic knowledge prior to erecting new classifications. 
These standards, which according to Hillis now require some 
unspecified assessments of reproductive isolation, are certainly 
not met in most descriptions of species or taxonomic treatments, 
even those that show the existence of deep geographic lineages 
and use integrated data (e.g., Wüster et al. 2018). 

For the North American ratsnakes, given the overtly chaotic 
and unsubstantiated basis of their taxonomy in the late 1990s, 
Burbrink et al. (2000) endeavored to test this taxonomic 
hypothesis (sensu Gaston and Mound 1993). This also provided 
an empirical observation of geographic genetic variation 
(then an unknown quantity) as an act of phylogenetic natural 
history (sensu Lamichhaney et al. 2019). Their analyses rejected 
the existing taxonomy as incompatible with the estimated 
evolutionary history of the group, ending a paradigm that was at 
least 48 years old from Dowling (1952) with respect to the non-
historical subspecies definitions.

Subsequently, Burbrink (2001) conducted an explicit 
taxonomic revision based on both mitochondrial and 
multivariate morphological analyses in an integrative 
taxonomy. The limitations of these data (scale counts, mensural 
measurements, and maternally inherited DNA) produced a 
zone of potential taxonomic uncertainty, while nonetheless 
allowing for significant statistical phenotypic discrimination 
between the geographic genetic lineages. Thus, based on the 
best possible evidence and interpretation at the time, the 
now-falsified historical taxonomic arrangement of subspecies 
definitions was replaced with an explicitly phylogenetic, 
lineage-based species-level taxonomy derived from the 
estimated evolutionary history of the group. The persistence of 
some remaining uncertainty is a natural and expected outcome 
in all scientific investigations, as we can never have complete 
data or perfect knowledge of a system.

Twenty years later, Burbrink et al. (2021) more than tripled 
the number of individuals sampled, increased the number of 
loci used by three orders of magnitude, and thus clarified the 
remaining fuzziness associated with the potential zone of 
taxonomic uncertainty. They revealed this uncertainty to be a 
complex hybrid zone with varying degrees of admixture. This 
had the additional effect, as described above, of redefining 
the allocation of type localities and valid names, and thus 
the taxonomic proposal here represents the best present-day 
resolution of nomenclature in the group, in accordance with 
our understanding of its evolutionary history. 
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As science progresses, even this may change in the future with 
new whole genome datasets or interpretations of phylogeographic 
lineage formation and phylogenetic species concepts. These 
conclusions may be unsettling to those that wish to retain 
taxonomies generated from limited data and assumptions about 
species and subspecies made in the 19th and 20th century. However, 
we question the social and scientific utility of any insistence on 
recognizing clearly falsified, non-historical arrangements based 
solely on the burden of heritage in taxonomic inertia (see Pyron 
and Burbrink 2009b).

As a science, taxonomy is continually subject to hypothesis 
testing and therefore change is a natural part of the field. It 
is therefore imperative that the responsible taxonomist alter 
nomenclature to reflect the best possible evidence and correct 
understanding available when explicitly examining and revising 
the systematics of a group. We submit that Hillis’ various 
proposals represent conceptual straitjackets that will instead 
stifle development as our understanding of speciation and 
species concepts evolve through time based on new data and 
evidence. His suggestions demand an arbitrary level of finality 
and perfection before making taxonomic changes that can never 
be known a priori or reached by an investigator working with 
incomplete knowledge. Certainly, the level of geographic and 
genomic sampling available for the ratsnake complex will be 
difficult to obtain for most widespread taxa in remote tropical 
regions (e.g., Gehara et al. 2014). Should we permanently “leave 
[their] nomenclature the #@%& alone!” as suggested by Hillis 
(2019)? This is particularly relevant for the huge proportion of taxa 
for which existing taxonomy primarily reflects cursory evaluation 
from a few initial workers in the 19th century, with little or no 
subsequent treatment. Such a prescriptivist notion of scientific 
progress is at odds with the empirical reality of how research is 
conducted in the field and is not conducive to intellectual growth.

We can now potentially sequence genomic data from type 
specimens over 100 years old (McGuire et al. 2018; Ruane et al. 
2017) to confirm their identification, likely geographic origin, and 
degree of admixture. Moving forward, we advocate that future 
research on the North American Ratsnakes more fully explore the 
nature of the hybrid zones and ecophenotypic trait interactions 
in unique habitats in greater detail. This will include improved 
sampling at geographic barriers using annotated genomes. From 
whole genomes, researchers can then work up from the level of the 
genome to the organism (Lamichhaney et al. 2019) to identify key 
loci and associated traits important for divergence, examine the 
degree of introgression at all loci throughout the genome given a 
recombination landscape, help define the extent of hybrid zones, 
and explore the environmental and physiological factors driving 
the origins of the unique color pattern variation in these snakes. 
More broadly, these approaches can be applied across taxa and 
landscapes to generate a fuller understanding of evolution and 
speciation.
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