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New and Not-so-new Conceptualizations of Species  
and Subspecies: A Reply to the “It’s Species All the  
Way Down” View

In a recent Point of View, de Queiroz (2020) claims to present 
an “updated” concept of subspecies, which he defines (p. 460) as 
follows: “subspecies are incompletely separated lineages within 
a more inclusive lineage.” He argues that this is different from 
the conceptualization of subspecies in Frost and Hillis (1990) 
or Hillis (2020), which can be paraphrased as: subspecies are 
incompletely separated lineages within a more inclusive species 
lineage. The difference in the two views is the inclusion of the 
word “species” in the latter definition. De Queiroz (2020) prefers 
to equate the word “species” with the more general term of 
“historical lineage” used by Frost and Hillis (1990), Hillis (2020), 
and others. In de Queiroz’s view, “species” can be used for any 
historical biological lineage at the population level (not including 
organismal or gene lineages), which leads him to accept that 
there can be species within species (and, by inference, even finer 
divisions of species within those species). 

Although I accept that de Queiroz’s (2020) POV is a novel 
and philosophically consistent solution to reconciling divergent 
views on the use and utility of subspecies, I see it as a problematic 
conceptualization of “species” rather than of “subspecies.” 
As noted above, the definition of subspecies by de Queiroz’s 
(2020) only differs from that of Frost and Hillis (1990) or Hillis 
(2020) in its use of the word “species” to mean any historical 
biological lineage, regardless of how incompletely or temporarily 
separated it is from other such lineages. This would result in a 
radical change in the way that most biologists use the word 
“species.” Most biologists use the word “species” to refer only to 
the largest historical biological lineages that are united through 
tokogenesis (parent–offspring relationships). When a species 
shows evidence of geographic variation, such that it contains 
divergent subgroups that intergrade continuously from one 
form to another (with no evidence of reproductive isolation), 
those subgroups have traditionally been called subspecies. 
Species can also be composed of many localized populations 
that are temporarily isolated from one another in time and/or 
space. All of these entities (species, subspecies, and populations) 

represent types of historical biological lineages. In de Queiroz’s 
(2020) view, subspecies, as well as distinct local populations, 
represent yet more examples of “species.” He might not choose 
to name all these lineages within larger species with binomials 
or trinomials, but they would nonetheless be “species” following 
his logic.

De Queiroz (2020) agreed with my point (Hillis 2020) that 
trinomials can be used to indicate differentiated but incompletely 
separated lineages within species (which de Queiroz would 
consider species within species). He noted (p. 461) that:

tHe BinoMina Agkistrodon contortrix and A. lAticinctus and 
tHe trinoMina A. contortrix contortrix and A. c. lAticinctus are 
SiMPLy rePreSentationaL deviCeS…, tHe PurPoSe oF WHiCH iS to Con-
vey our Current underStanding oF Lineage diverSity WitHin tHe Ag-
kistrodon CLade. in eitHer CaSe, tHe naMed entitieS are deteCtaBLe 
But inCoMPLeteLy SeParated LineageS, and our taxonomies should 
represent that situation clearly and unambiguously. tHe uSe oF 
trinoMina, aS advoCated By HiLLiS (2020), WouLd oBviouSLy iMPLy 
inCoMPLete SeParation under tHe uPdated ConCePt oF SuBSPeCieS 
ProPoSed in tHiS artiCLe. in the case of binomina, as adopted by 
burbrink and guiher (2015), indicating incomplete lineage sepa-
ration would require some additional form of annotation. (eM-
PHaSiS added)

I note that the trinomials used by Hillis (2020) are not 
merely consistent with the concept of subspecies presented by 
de Queiroz (2020), but are also consistent with the concept of 
subspecies discussed by Frost and Hillis (1990), Hillis (2020), and 
many other prior authors. The trinomials clearly indicate the 
broadly intergrading subgroups within the species A. contortrix. 
I agree with de Queiroz (2020) that our taxonomies should 
represent the situation of subgroups within species (groups that 
show no evidence of reproductive isolation from one another) 
clearly and unambiguously. Indeed, I am advocating for the use 
of subspecies to achieve that purpose. Doing so follows a long 
tradition in biology, although unfortunately, subspecies have 
been used in the past for other purposes as well, as discussed 
and critiqued by Frost and Hillis (1990).

De Queiroz (2020) argues that we could also develop an 
alternative to trinomials to indicate incompletely separated 
lineages within species, by adding some form of notation to 
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binomials to indicate that they are subgroups within larger 
species lineages. We could do that, but why introduce a new 
and potentially confusing system of notation, when subspecies 
already allow us to name and characterize these situations? If 
we were do that, binomials would then convey two different 
meanings, which I think leads to confusion.

I also think de Queiroz’s (2020) use of the word “species,” 
which he defines as any historical population-level lineage, 
even within the traditional bounds of species, will cause 
considerable confusion and consternation in some areas; 
indeed, it may well be unintelligible to most biologists and 
the general public. For example, there are clearly detectable 
(although in many ways biologically insignificant) historical 
lineages of populations within the species Homo sapiens. In de 
Queiroz’s (2020) conceptualization, these population lineages 
within H. sapiens are also species, leading to the conclusion 
that there are many species of living humans, within the larger 
human species. A similar concern was raised by Jackson et al. 
(2017:802), who referred to the delimitation of such groups with 
some popular multispecies coalescent methods as a “sanity 
check” for systematists. I think this is a needlessly misleading 
and counterproductive way to discuss human diversity. Humans 
are all one species, and historical population groups within 
humans are so minor and temporally ephemeral that there is 
no justification for recognizing even subspecies within modern 
humans (Templeton 2013). Nonetheless, there are populations 
of humans that have been historically isolated from other 
human populations for thousands of years. In de Queiroz’s 
(2020) conceptualization, such populations are also “species.” 
I reject the view that such ephemerally isolated populations of 
any species should also be considered species, whether or not 
we assign them formal names.

De Queiroz’s (2020) approach also creates unnecessary 
problems for discussing the biodiversity of geographically 
variable species, such as Copperheads. Consider the simple 
question of “how many species of Copperheads are there in 
North America?” I (Hillis 2019, 2020) argued there is only one 
species, A. contortrix, which contains the geographically distinct 
subspecies A. c. contortrix and A. c. laticinctus. Burbrink and 
Guiher (2015) concluded there are two species, A. contortrix 
and A. laticinctus. De Queiroz (2020), however, recognizes three 
species: A. contortrix, A. c. contortrix, and A. c. laticinctus. I 
consider the first answer (i.e., one species, with two subspecies) 
as clear and unambiguous: it tells us that there is no evidence 
of reproductive isolation among populations of A. contortrix, 
that there are two geographically distinct subspecies within the 
species, and that we should expect to see a gradual intergradation 
of intermediate populations where the two subspecies come into 
contact. This accurately describes Copperhead diversity (Gloyd 

and Conant 1990; Burbrink and Guiher 2015). I think the second 
and third answers (i.e., two or three species) lead to confusion, 
rather than clarification. The Burbrink and Guiher (2015) answer 
implies that both species are present across areas of overlap, 
and that there is evidence for reproductive isolation between A. 
contortrix and A. laticinctus, or selection against their hybrids, 
where they come into contact. Given that the populations in the 
area of contact actually intergrade from one to the other across 
hundreds of kilometers (Gloyd and Conant 1990; Burbrink and 
Guiher 2015), calling these two forms “species” would require 
(as suggested by de Queiroz 2020) that we add some new means 
of clarification. The de Queiroz (2020) solution of three species 
requires that we change the way most biologists (and others) use 
the word species, and it certainly complicates the enumeration 
and taxonomy of species.

In conclusion, I understand de Queiroz’s (2020) desire to 
conceptually unify the divergent positions of Hillis (2020) and 
those who would elevate any detectable and incompletely 
separated sublineage within a larger species lineage to the 
level of species. However, his “solution” leads to more practical 
problems than it solves. We already have a taxonomic system in 
widespread use (subspecies, designated by trinomials) that can 
name and characterize these incompletely separated lineages 
within species.
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Taxonomy and Nomenclature of the  
Pantherophis obsoletus Complex

In 1836, John Holbrook (1836) described and distinguished 
Coluber alleghaniensis and Coluber quadrivittatus of the eastern 
United States, both of which he considered distinct from the 
previously described Coluber obsoletus found to the west. 
Holbrook noted many differences between the two forms he 
described, and especially noted the differences in color pattern 
(alleghaniensis was solid black; quadrivittatus was yellowish with 
brown stripes), their distribution (quadrivittatus was found on 
the coastal plain, from at least North Carolina to Florida, whereas 
alleghaniensis was found “throughout the Alleghanies,” which at 
the time referred to the entire Appalachian Mountain range), and 
habits (Holbrook considered quadrivittatus to be more arboreal 
than alleghaniensis). Despite these differences, however, in the 
second edition of his North American Herpetology, Holbrook 
(1842:91) followed his description of C. quadrivittatus with this 
comment:

“SCHLegeL tHinKS tHiS SnaKe May Prove identiCaL WitH CoLuBer 
aLLegHanienSiS, to WHiCH, indeed, it BearS ConSideraBLe reSeM-
BLanCe in ForM; But itS CoLourS are entireLy diFFerent and are Con-
Stant; itS HaBitatS and geograPHiCaL diStriBution are not tHe SaMe; 
tHe CoLuBer aLLegHanienSiS LiveS ConStantLy on tHe ground, But 
tHe CoLuBer QuadrivittatuS i Have Met WitH on treeS; one BeLongS 
to tHe MountainS, tHe otHer LiveS on tHe PLainS.” [LaCK oF itaLiCS 
and CaPitaLization aS in tHe originaL]

Recently, Burbrink et al. (2020) published an analysis of the 
taxonomy and biogeography of these snakes, now placed in the 
genus Pantherophis. They supported the recognition of the same 
three taxa delimited by Holbrook (in addition to P. bairdi of west 
Texas, which was unknown to Holbrook), although Burbrink et al. 
(2020) found that there are very wide zones of admixture between 
all the pairs of taxa recognized by Holbrook, wherever they come 
into contact. For example, Burbrink et al. (2020) found the “zone 
of admixture” to be approximately 500 km wide in the case of 
the montane and coastal plain forms that Holbrook (1842) noted 
“may prove identical.” In their Supporting Information, Burbrink 
et al. (2020: p. 9 of SI) noted that “We acknowledge difficulties 
recognizing the eastern lineages as distinct and could argue for 
recognizing them as a single taxon, P. alleghaniensis.”

The broad zones of intergradation among these taxa, and 
the lack of any reproductive isolation or barriers to gene flow, 
mean that they fit the criteria that are usually used to distinguish 
subspecies, rather than species (Hillis 2020). The point of the 

present article, however, is not to argue whether these taxa 
should be recognized as subspecies or as species. In either 
case, the three earliest names for the three taxa recognized 
by Burbrink et al. (2020) are clearly obsoletus (for the earliest 
named, western lineage), alleghaniensis (for the blotched and 
solid-colored snakes found between the Mississippi River and 
the fall line of the eastern seaboard, including the Appalachian/
Alleghany Mountains), and quadrivittatus (for the striped snakes 
found on coastal plain of the southern United States). Oddly, 
Burbrink et al. (2020) applied the names obsoletus, spiloides, and 
alleghaniensis to these three taxa, respectively. In other words, 
the taxon Holbrook named alleghaniensis, Burbrink et al. (2020) 
called spiloides, and the taxon Holbrook named quadrivittatus, 
Burbrink et al. (2020) called alleghaniensis.

The reason for this switch in appropriate names appears 
to be the continuation of an earlier mistaken association by 
Burbrink (2001). In that paper, Burbrink delimited similar taxa 
based on differences in their mitochondrial DNA. However, the 
boundaries of the taxa delimited by Burbrink (2001), and those 
delimited by Burbrink et al. (2020), are considerably different, 
as the mitochondrial lineages identified by Burbrink (2001) 
do not closely correspond to the taxa delimited by Burbrink et 
al. (2020). The new boundaries of taxa delimited by Burbrink 
et al. (2020) match the original distinction made by Holbrook 
(1836), and also fit the morphological descriptions by Holbrook 
(1836). The earlier delimitation by Burbrink (2001) suggested a 
“zone of uncertainty” (a region poorly sampled at the molecular 
level, and in which populations assigned to his concepts of P. 
alleghaniensis and P. spiloides could not be distinguished on the 
basis of morphology) that included most of the Appalachians/
Alleghanies. In contrast, Burbrink et al. (2020) emphasized that 
the two species of the eastern United States are divided primarily 
along the fall line of the eastern coastal plain, as first noted by 
Holbrook (1836), and that the central lineage is clearly the taxon 
that is present in the Appalachians/Alleghanies (the type locality 
for Holbrook’s Coluber alleghaniensis).

Holbrook (1836) did not designate a specific holotype for 
either Coluber alleghaniensis or Coluber quadrivittatus, but 
he illustrated and described both taxa. In both his illustrations 
and descriptions, he made clear that the striped coastal plain 
form is quadrivittatus, and that the solid black montane form is 
alleghaniensis, which corresponds with the two taxa recognized 
by Burbrink et al. (2020) in the eastern United States. Holbrook 
(1836) noted in his description of Coluber alleghaniensis:

“tHiS SerPent WaS FirSt oBServed on tHe SuMMit oF tHe BLue 
ridge, in virginia, By Mr. george roBBinS, oF PHiLadeLPHia. dr. 
WiCKenS, oF neW yorK, HaS aLSo Favored Me WitH a SPeCiMen FroM 
tHe HigHLandS oF tHe HudSon; and i Have reCeived Many FroM 
tHe MountainS oF CaroLina, So it iS ProBaBLe itS range extendS 
tHrougHout tHe aLLegHanieS.”

Given that Holbrook specifically mentioned the specimen 
furnished to him by Dr. Wickens, from the “Highlands of the 
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Hudson” in New York, this is likely the specimen that was 
illustrated by Holbrook. That specimen (now ANSP 16792) was 
considered the only known syntype of the species by Malnate 
(1971). In any case, all the specimens examined by Holbrook 
came from montane regions that are clearly far above the fall 
line, as well as above the zone of admixture on the Piedmont 
identified by Burbrink et al. (2020). Despite this, Burbrink et 
al. (2020: p. 8 of SI) argue that the specimens of alleghaniensis 
described by Holbrook

“…are LiKeLy CoMPoSed oF adMixed individuaLS, tHougH oB-
taining genoMiC SeQuenCeS FroM tHe tyPe SPeCiMen, iF PoSSiBLe, or 
SaMPLeS FroM tHe tyPe LoCaLity WouLd CLariFy tHe degree oF adMix-
ture. iMPortantLy, tHe internationaL Code oF zooLogiCaL noMen-
CLature (iCzn) ForBidS naMing SPeCieS BaSed on HyBridS (artiCLe 
1.3.3; iCzn, 1999), HoWever, tHe intention oF tHiS iCzn artiCLe 
LiKeLy reFerS to F1 HyBridS and CLearLy doeS not ConSider ProPor-
tionS oF adMixture.”

The maps and analyses provided by Burbrink et al. (2020) 
do not support that the areas from which Holbrook obtained 
specimens of alleghaniensis are from regions of significant 
admixture, and they are certainly not “hybrids.” Burbrink et al.’s 
(2020) figure 5 clearly shows these regions to be inhabited by the 
same taxon that Burbrink et al. called P. spiloides. Although the 
earlier paper by Burbrink (2001) suggested this was a “region of 
uncertainty,” the analyses by Burbrink et al. (2020) show that the 
Appalachians/Alleghanies are well outside the primary region 
of admixture. Of the type localities of the various relevant taxa, 
only the type locality for Elaphis spiloides of Duméril et al. (1854) 
is near a zone of intergradation among the taxa delimited by 
Burbrink et al. (2020). This locality is on the Mississippi River, 
which is the proposed center of the zone of admixture between 
the western and central forms. In any case, the species described 
by Holbrook as C. alleghaniensis is clearly the same taxon called 
P. spiloides by Burbrink et al. (2020), based on both color pattern 
and distribution.

Burbrink et al. (2020: p. 8 of SI) also argued that the “type [of 
Coluber quadrivittatus] from South Carolina may be admixed 
as well.” However, Burbrink et al. (2020) presented no evidence 
that specimens of quadrivittatus (which Burbrink et al. called 
P. alleghaniensis) from the coastal plain of South Carolina are 
admixed, and again, they are clearly not hybrids in the sense 
used by the International Code of Zoological Nomenclature. 
This is the region where Holbrook was familiar with the species, 
although again, he designated no type specimen. A specimen 
deposited by Holbrook (ANSP 3773) and thought to be from 
South Carolina was considered the type specimen by Malnate 

(1971); Schmidt (1953) restricted the type locality to Charleston, 
South Carolina, where Holbrook lived. Furthermore, Holbrook 
(1836) made it clear that the taxon he named quadrivittatus was 
the one found on the coastal plain of the Carolinas and Florida. 
Therefore, there can be no confusion that the coastal plain 
taxon is quadrivittatus (whether recognized as a subspecies 
of P. obsoletus, or as a distinct species), and that the taxon 
called Pantherophis spiloides by Burbrink et al. (2020) should 
actually be alleghaniensis. Holbrook (1836) described Coluber 
alleghaniensis 18 years before Duméril et al. (1854) described 
Elaphis spiloides, so there is no question that the former has 
priority as a subjective senior synonym. 

In summary, the three taxa recognized by Burbrink et al. (2020) 
should be called P. obsoletus (primarily west of the Mississippi 
River), P. alleghaniensis (the central taxon), and P. quadrivittatus 
(on the southeastern coastal plain), if they are recognized as 
distinct species. 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. 
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