
Ecology and Evolution. 2022;12:e9069.	 ﻿	   | 1 of 17
https://doi.org/10.1002/ece3.9069

www.ecolevol.org

Received: 23 March 2022  | Revised: 1 June 2022  | Accepted: 10 June 2022
DOI: 10.1002/ece3.9069  

R E V I E W  A R T I C L E

Empirical and philosophical problems with the subspecies rank

Frank T. Burbrink1  |   Brian I. Crother2  |   Christopher M. Murray2  |   Brian Tilston Smith3  |   
Sara Ruane4  |   Edward A. Myers1,5,6  |   Robert Alexander Pyron6,7

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2022 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd.

“The reader may now be tempted to agree with Hamilton (1975) that ‘common usage’ is preferable to all these ‘metaphysical’ ruminations. As understandable as this temptation is, I 
suspect that sooner or later common usage will have to be sacrificed if we are to understand the evolutionary process.” David Hull 1980  
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Abstract
Species-level taxonomy derives from empirical sources (data and techniques) that 
assess the existence of spatiotemporal evolutionary lineages via various species 
“concepts.” These concepts determine if observed lineages are independent given a 
particular methodology and ontology, which relates the metaphysical species con-
cept to what “kind” of thing a species is in reality. Often, species concepts fail to link 
epistemology back to ontology. This lack of coherence is in part responsible for the 
persistence of the subspecies rank, which in modern usage often functions as a place-
holder between the evolutionary events of divergence or collapse of incipient spe-
cies. Thus, prospective events like lineages merging or diverging require information 
from unknowable future information. This is also conditioned on evidence that the 
lineage already has a detectably distinct evolutionary history. Ranking these lineages 
as subspecies can seem attractive given that many lineages do not exhibit intrinsic 
reproductive isolation. We argue that using subspecies is indefensible on philosophi-
cal and empirical grounds. Ontologically, the rank of subspecies is either identical to 
that of species or undefined in the context of evolutionary lineages representing spa-
tiotemporally defined individuals. Some species concepts more inclined to consider 
subspecies, like the Biological Species Concept, are disconnected from evolutionary 
ontology and do not consider genealogy. Even if ontology is ignored, methods ad-
dressing reproductive isolation are often indirect and fail to capture the range of sce-
narios linking gene flow to species identity over space and time. The use of subspecies 
and reliance on reproductive isolation as a basis for an operational species concept 
can also conflict with ethical issues governing the protection of species. We provide a 
way forward for recognizing and naming species that links theoretical and operational 
species concepts regardless of the magnitude of reproductive isolation.
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1  |  INTRODUC TION: GENE FLOW AND 
THE SPECIES PROBLEM

It is now understood that the history of life on Earth is not eas-
ily represented as a bifurcating process (Mallet et al., 2016; Wen 
et al., 2016) and that many organisms fail to maintain genomic exclu-
sivity with closely related or even long extinct relatives (Reich, 2018). 
Extreme examples of nonbifurcating histories have shown that some 
species or even entire clades may have been produced from reticu-
lating ancestral taxa over millions of previous generations (Abbott 
& Rieseberg, 2012; Baack & Rieseberg, 2007; Frantz et al., 2013). 
Incomplete reproductive isolation provides a biologically interesting 
landscape of possibilities for speciation, such as adaptive introgres-
sion (Figueiró et al., 2017; Leroy et al., 2020; Schmickl et al., 2017) 
or spatially dependent genetic incompatibilities changing over 
environments (Barnard-Kubow & Galloway,  2017). Absence of 
reproductive isolation after speciation, reflected as continued intro-
gression across parts of the genome, is now well established (Wang 
et al., 2019; Wu, 2001). While degree of reproductive isolation may 
increase with time since divergence (Dufresnes et al., 2021), the spa-
tial nature of isolation and the portion of the genome involved in 
speciation vary widely. Gene flow therefore makes the boundaries 
between many species indistinct or “fuzzy.” When researchers cat-
egorize individuals into taxonomically coherent species, this uncer-
tainty is likely to present difficulty.

The “gray zone” of speciation (de Queiroz, 1998) highlights the 
broad set of empirical outcomes where sometimes uncomfortable 
taxonomic decisions must be made or are alternatively ignored al-
together. In the gray zone of “incomplete” genealogical exclusivity, 
uniquely identified lineages may remain connected by occasional 
or ongoing introgression, making determination of species status 
difficult when relying on overall measures of gene flow to delimit 
species (Jackson et al., 2017; Leaché et al., 2019; Nosil, 2008; Roux 
et al., 2016). Degree of gene flow might be negatively correlated with 
age of divergence, which on the surface could help identify where 
lineages are in the gray zone. However, a correlation between time 
and gene flow may be disconnected by divergent selection at loci 
due to sexual and ecological pressure (Gavrilets, 2004; Nosil, 2012; 
Singhal & Moritz, 2013). Additionally it may never be clear when spe-
cies reach one side of the gray zone (complete collapse) or the other 
(complete speciation).

In some groups, degree of reproductive isolation scales with time 
of divergence (Bolnick & Near, 2005; Singhal & Moritz, 2013), but 
not in others (Burbrink et al., 2021). Pre- and postzygotic isolation 
may also accumulate at different rates (Stelkens et al.,  2010; Uy 
et al., 2018). However, almost 70% of sister species in vertebrates 
are presently allopatric (Pigot & Tobias, 2015) and the degree of re-
productive isolation cannot be tested (Barrowclough et al., 2016). 
With many taxa existing over 100,000 generations with continuous 
or intermittent connection between lineages, one should ask: how 
have these lineages retained their identity for so many generations 
in the face of gene flow if they are not distinct evolutionary enti-
ties (i.e., species)? This is contrasted against known rates of species 

reversal or extinction by hybridization, which can occur in just a few 
generations for range-limited taxa such as various fish groups and 
Darwin's finches (Hendry et al., 2006; Rudman & Schluter, 2016; 
Seehausen, 2006; Seehausen et al.,  1997; Taylor & Larson, 2019; 
Vonlanthen et al., 2012) to thousands of generations for species with 
continental ranges like ravens (Kearns et al., 2018). For other taxa, 
partial reproductive isolation may be a stable evolutionary endpoint 
and indicate why species showing ancient divergences with gene 
flow fail to collapse (Servedio & Hermisson, 2020). In the gray zone 
of speciation, there are thus crucial questions about how taxono-
mists should address naming geographic lineages showing spatial 
overlap and introgression given the complexities of demography, se-
lection, and hybridization (Jackson et al., 2017; Leaché et al., 2019; 
Roux et al., 2016).

The indefinite nature of many species boundaries has long been 
recognized (Darwin, 1859; Hey, 2001; Hull, 1976; O'Hara, 1993). To 
resolve this taxonomic conundrum, many researchers in the 20th 
century (particularly during and immediately after the Modern 
Synthesis) inferred reproductive isolation and applied the rank of 
subspecies to diagnose, define, and delimit populations with fuzzy 
boundaries (Mayr, 1965, 1982). The use of subspecies to represent 
geographic variation has a long history in systematics from the late 
19th century through to the present. As early as the 1950s, how-
ever, problems with the subspecies solution had been identified 
(Cracraft, 1983; Frost & Kluge, 1994; Gillham, 1956; Rosen, 1979; 
Wilson & Brown, 1953).

From a perspective where subspecies are considered entities 
and not artificial constructs (Cracraft,  1983), the rank might rep-
resent something of interest to evolutionary biologists or, alter-
natively, attempt to preserve the identity of distinct lineages. The 
latter underscores that those lineages are not fully reproductively 
isolated and therefore not appropriate for taxonomic recognition as 
species. Subspecies then represent a placeholder category, expect-
ing either those historical lineages will cease to be unique (collapse) 
or will eventually become species (incipient species), but without 
differentiating between these contrasting scenarios in the pres-
ent day. Both situations implicitly rely on speculation rather than 
evidence regarding the future trajectory of reproductive isolation 
(O'Hara, 1993; Zink & McKitrick, 1995). As we explain below, neither 
view of prospective subspecies taxonomy serves to identify lineages 
properly or reveal future processes of divergence. We therefore pro-
vide a description of what species are, what subspecies are not, and 
why the lure of the subspecies rank should be resisted if we are to 
move forward with clear taxonomies that better describe the retic-
ulated tree of life.

As we outline below, synthesizing decades of thought on the 
philosophical and practical literature of the “species problem,” spe-
cies are historical entities that are phylogenetically diagnosable and 
exist as ontological individuals, occupying a unique position in the 
process of evolution. As such, they are not required by any mod-
ern understanding of evolutionary theory to be reproductively iso-
lated as ontological individuals will exhibit leaky or fuzzy boundaries 
across both space and time. Therefore, replacing species rank with 
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subspecies in cases where the former fail to show reproductive iso-
lation is unwarranted. We therefore assert that the following are 
indefensible: (1) philosophically, to accept the existence of subspe-
cies as ontologically distinct entities within species; (2) biologically, 
to recognize subspecies as arbitrary divisions of clines when such 
units lack an evolutionary basis and phylogenetic diagnosis; and (3) 
operationally, to use the subspecies category as a pragmatic tool to 
advance aims such as field guide identifications or conservation pol-
icy and management.

2  |  BRIEF HISTORY OF SUBSPECIES AND 
REPRODUC TIVE ISOL ATION

The rank of subspecies has a long history of discussion and imple-
mentation under fundamentally different concepts. These concepts 
range from those without explicit evolutionary interpretation to 
those being essentially the same as species. Subspecies represented 
as trinomials have been applied at least since 1844 (Remsen, 2010; 
Simpson, 1961) and were considered to be essentialistic, similar to 
the rank of species at that time (Mayr, 1982). After Darwin (1859), 
subspecies were often considered as natural entities and not classes. 
Subspecies were thought to be incipient species by some authors 
(Rensch,  1928, 1929; Rothschild & Jordan,  1895, 1903) which are 
part of species, or Rassenkreis (circle of races; polytypic species or dif-
ferences at the ends of isolation by distance; Reydon & Kunz, 2021). 
Early workers such as Gloger, Bergmann, and Allen viewed sub-
species as adaptive geographic variants to be applied when ad-
dressing ecogeographic phenomena (see reviews in Mallet, 2013; 
Mayr,  1982). Subspecies descriptions increased throughout the 
late 19th to mid-20th century biased toward European and North 
American mammals, birds, butterflies, and to a lesser degree rep-
tiles and amphibians (Burt, 1954; Frost, 2020; Frost & Hillis, 1990; 
Gillham,  1956; Mayr, 1946; Padial & De la Riva, 2021). This taxo-
nomic bias not only is notable given the small contribution of these 
groups to the overall biodiversity of life on Earth, but also expected 
given the emphasis on studying these organisms in the Northern 
Hemisphere (Mora et al., 2011).

In many cases, previously diagnosed morphological spe-
cies named by earlier researchers were demoted to subspe-
cies and considered geographic variants of widespread species 
(Stresemann,  1975). Proliferation of subspecies names continued 
through the middle 20th century, when arbitrary sections of clines 
and minute phenotypic variants were formally named in many groups 
(Burt, 1954; Gillham, 1956; Huxley, 1938; Padial & De la Riva, 2021). 
For example, in reptiles, subspecies were described at their highest 
rate after the 1950s and declined rapidly toward the end of the 20th 
century (Uetz & Stylianou, 2018). This is paralleled in ornithology, 
where subspecies descriptions increased from the late 19th century, 
peaked in the mid-20th century, and declined rapidly toward the 
21st century (Remsen, 2010).

Wilson and Brown (1953) struck back at the widespread prolifer-
ation of subspecies by showing that (1) they are often defined by an 

arbitrary choice of characters that can differ widely over geographic 
space, (2) the same characters often occur in different areas of a 
species' range, (3) microgeographic races are a common outcome 
of elaborate and extensive trait variation due to local adaptation, 
and (4) there is a lack of a lower limit for defining these entities. 
Essentially, any number of arbitrary traits can be used to group indi-
viduals into an arbitrary number of subspecies. However, champions 
of the subspecies idea continued (Mayr, 1954; Parkes, 1982; Smith 
& White, 1956). In fact, the years immediately following Wilson and 
Brown  (1953) and Brown and Wilson  (1954) saw a “cline” of opin-
ions from authors wanting to eliminate the rank to those wanting 
to produce more refined definitions. Some authors considered only 
established allopatric forms as subspecies, whereas others devised 
rules to handle arbitrary descriptions (Burt, 1954; Edwards, 1954; 
Gosline, 1954; Inger, 1961; Starrett, 1958).

The taxonomic rank of subspecies has been defined and re-
defined for many decades (Amadon,  1949; Braby et al.,  2012; 
Mayr, 1965; Patten, 2015; Rand & Traylor, 1950), though there has 
been little consistency in the criteria used to delimit subspecies 
boundaries. Various rules have been proposed to delimit subspecies 
believed to be more meaningful than arbitrary handles of conve-
nience. Some authors consider subspecies to not be evolutionary 
lineages, equivalent to evolutionary lineages, former evolutionary 
lineages, or rank-free evolutionary lineages (Amadon, 1949; Braby 
et al., 2012; de Queiroz, 2020; Hillis, 2020; Mayr, 1965; O'Brien & 
Mayr, 1991; Rand & Traylor, 1950). Often they are simply recognized 
as unique para- or peripatric subdivisions within the range of a spe-
cies defined by phenotypic similarities that are composed of fertile 
individuals. Other authors only consider allopatric populations as 
candidate subspecies (Edwards,  1954; Haig et al., 2006). A recent 
review of the many ways subspecies rank is defined suggests that 
they show ecological, morphological, or genetic trait differences 
often over geographic space with some degree of reproductive (in)
compatibility (Reydon & Kunz, 2021).

Several methodological approaches using morphological, eco-
logical, or genetic data to decide when lineages should be delimited 
as subspecies have been applied over the last 70 years. For example, 
Amadon (1949), Mayr (1969), and Patten and Unitt (2002) proposed 
a threshold where 75% or more of individuals examined in one pop-
ulation lie outside the 99% range of another population. O'Brien and 
Mayr  (1991) recommended that subspecies not only be allopatric 
and receive no migrants, but also possess exclusive phenotypic char-
acters defining a unique natural history. Other definitions regard 
subspecies as distinct populations with at least one phenotypic trait 
diagnosable in at least 95% of individuals (Remsen, 2010). Tobias 
et al. (2010) used a phenotypic yardstick when measuring morpho-
logical and vocal traits in birds to generate a minimum threshold for 
sympatric and parapatric species. Köhler (2021) advocated combin-
ing mtDNA phylogenetic tree structure with sequence divergence 
thresholds to delimit species versus subspecies, though no criteria 
are given for the spatial distribution of taxa or degree of reproduc-
tive isolation. Rather, taxa are ranked in a tree and then genetic 
divergences are assessed over various ranges of values thought to 
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represent species or subspecies. Others have suggested that sub-
species be allopatric, divergent along at least one axis of genetic, 
morphological, or ecological variation, but “less” than what would be 
expected for closely related species existing in sympatry (Descimon 
& Mallet, 2009). Additionally, subspecies have been conceived to re-
flect a range of incomplete adaptive divergence within species that 
do not rise to the “level” of specific differentiation Braby et al., 2012).

Others have recently tried to establish the link between phe-
notypic and genomic differentiation of populations when identify-
ing subspecies (Patten, 2015). These “subspecies genes” (the term 
used by Patten,  2015) are considered discoverable using genomic 
methods. In parapatric populations, “subspecies genes” are thought 
to provide evidence that these entities represent incipient species. 
For parapatric subspecies, allelic introgression is expected to vary 
widely with neutral alleles moving extensively between popula-
tions and adaptive alleles remaining local to each subspecies (Braby 
et al., 2012). Most recently, Dufresnes et al.  (2021) suggested that 
the distribution of cline widths among diagnostic SNPs be used to 
determine if lineages represent species or subspecies. Here, Poisson 
or binomially distributed densities abutting widths of 0 km indicate 
the presence of two unique species with genes likely tied to repro-
ductive isolation, whereas Gaussian-distributed densities centered 
on larger widths are indicative of subspecies.

It is clear that most modern proposals identifying subspecies 
as being different from species rely on perceived lack of repro-
ductive isolation (Braby et al., 2012; Mayr, 1965, 1982). However, 
most described species have never directly been tested for degree 
of reproductive isolation in any meaningful way (Cracraft,  1983; 
Mayr, 1963), and most sister species of vertebrates are allopatric and 
therefore cannot be tested (Pigot & Tobias, 2015; Zink, 2014). For 
example, avian taxonomic classification committees for North and 
South American birds, which follow the Biological Species Concept 
(BSC), use a range of criteria to delimit species. A review of how bird 
species were delimited in practice found that diagnosability was the 
most frequently applied criterion (Sangster, 2014). As Mayr  (1963) 
points out, the application of the typical morphological species 
concept (species differ enough morphologically to be considered 
unique) is simply serving “as secondary indications of reproductive 
isolation.” It follows then that this view of morphological, behavioral, 
and molecular differentiation are often surrogates for identifying re-
productive isolation when being applied to determining subspecies 
rank. Therefore, most instances of species and secondarily subspe-
cies description fail to directly test for reproductive isolation, but 
rather infer it given degree of difference in measured characters.

Because reproductive isolation is usually not tested does not 
mean that such testing is impossible given behavioral and genomic 
data and modern computational methods (Turbek et al.,  2021). 
Reproductive isolation is fascinating as a biological process, even 
though it is not in of itself a “trait” possessed by any species (Coyne 
& Orr, 2004), but rather as a measure of interaction as a result of 
speciation. However, studying reproductive isolation necessarily re-
quires the presence of two entities. This underscores the obvious 
point that historical lineages have to be defined independently of 

reproductive isolation to be able to quantify the supposed lack of 
independence (Cracraft, 1983; Nelson & Platnick, 1981). Identifying 
these independent lineages is a necessary first step before quantify-
ing hybridization over a landscape.

Failure for reproductive isolation to occur between lineages 
continuously distributed over the landscape often results in some 
form of a hybrid zone. These zones can be examined to understand 
if reproductive isolation is actually occurring given the observed hy-
bridization. Thus, if endogenous or exogenous selection is present, 
then species boundaries are likely to be preserved. Realistically, the 
degree of reproductive isolation, extent of linkage disequilibrium, 
and amount of backcrossing is not easily determined given that hy-
brid zones change widths, extent, and location through time (Ryan 
et al., 2018). Reproduction through a hybrid zone could reflect true 
neutrality where species might collapse, be reinforced in the case of 
selection against hybrids (tension zones), or reveal gradients of envi-
ronmental selection from one parental species to the other parental 
species (Barton, 1979; Barton & Gale, 1993; Endler, 1977; Gompert 
et al., 2017; Harrison & Larson, 2014; Nachman & Payseur, 2012). 
Moreover, hybrid zone widths alone may not be reflective of the de-
gree of reproductive isolation because the sizes and location of the 
zone may change over several orders of magnitude considering vari-
ation in dispersal rates, historical climate change, and positioning of 
density troughs between species that attract hybrid zones (Barton 
& Hewitt, 1985; McEntee et al., 2020). Therefore, there may be no 
clear pattern suggestive of lineage collapse or complete reproduc-
tive isolation indicated by these studies.

Changes in hybrid zone shapes and locations over time might 
be common (Buggs, 2007; Ryan et al., 2018; Wielstra, 2019), as re-
vealed by evidence from the fossil and pollen records, niche model-
ing through time, displacement of extant populations of one species 
from the expanding range of another, or genome-wide evidence 
from displaced lineages. There is ample evidence that hybrid zones 
of various shapes and sizes have existed from the present through 
to the late Miocene between extant species (Barth et al.,  2020; 
Burbrink et al., 2021; Hewitt, 2011). In birds, fertile hybrids can be 
produced well past speciation, even among taxa sharing a common 
ancestor more than 17 million years ago (Prager & Wilson,  1975; 
Price & Bouvier, 2002). Importantly, evidence from the predicted or-
igin of hybrid zones along with continuous or repeated instances of 
contact suggests that hybrid zones have formed and reformed many 
times, yet the identity of the interacting lineages remain intact de-
spite gene flow (Wang et al., 2019). As pointed out by Servedio and 
Hermisson (2020), partial reproductive isolation may be a long-term 
stable reality for most species. Gene flow may never reach a point 
of species collapse or absolute reproductive isolation, therefore 
rendering the subspecies category again superfluous when unique 
evolutionary histories of species are maintained over millennia. This 
is in contrast to documented species collapse that occurs just in a 
few generations upon secondary contact (Rudman & Schluter, 2016; 
Seehausen et al., 1997; Taylor et al., 2006; Vonlanthen et al., 2012).

Complete reproductive isolation is not the universal indica-
tor of speciation, nor is it necessary or even common for “good” 
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species that form and maintain their evolutionary distinctiveness 
over time. Defining what is meant by reproductive isolation is 
often complex given differential introgression throughout the ge-
nome and unique interactions over time and space along hybrid 
zones. At least for methods described earlier that use some quan-
tification of hybridization or gene flow, only arbitrary breaks along 
a continuum of reproductive compatibility can “determine” when 
evolutionary lineages represent subspecies or species (Dufresnes 
et al., 2021; Hillis, 2020; Tobias et al., 2010). Unfortunately, none 
of these proposals have considered how subspecies and species 
actually differ with regard to ontology or process (Burbrink & 
Ruane, 2021; de Queiroz, 2022).

3  |  SPECIES ONTOLOGY AND ITS 
CONSEQUENCES FOR SUBSPECIES

3.1  |  Are species ontological individuals?

Debates over taxonomy and the species problem are inherently 
philosophical; an infinite amount of data and methods (“epistemol-
ogy;” ways of knowing) can never answer these basic questions (see 
Hull, 1990). Here, we provide a brief introduction of history and 
background of philosophical inquiry into these issues. However, the 
concepts herein are crucial for an understanding the nature of spe-
cies. Chief among these is “ontology”; the nature of being and what 
“kind” of things exist and what can be known. Only after the ontol-
ogy of species is circumscribed (ideally from an evolutionary basis) 
can we ask the epistemological question: how do we define, delimit, 
describe, and diagnose them?

Because the subspecies rank is inherently tied to the species 
problem, we compare the ontology of species and subspecies re-
garding how we detect, diagnose, delimit, and define them given 
various species concepts. We hold that species are natural concrete 
objects and are not abstractions (Ghiselin, 1974, 1997; Hey, 2001; 
Nathan & Cracraft, 2020). That is, they are real entities that exist in 
the real world. Species are fundamental units of evolution that are 
also the fundamental rank in the taxonomic hierarchy (Bock, 2004). 
de Queiroz, (1997) noted that this special status decouples species 
from the hierarchy of taxonomic ranks. Therefore, this rank occu-
pied by species in the otherwise-arbitrary hierarchy of taxonomy co-
incides with a biologically meaningful unit, unlike other ranks such as 
genus and family. Thus, species are real and are the aim of discovery 
of taxonomy, while the remaining higher ranks are applied to named 
clades of increasing inclusiveness as an approximation of their evo-
lutionary history (Hennig, 1966). However, if species are parts of 
clades at different levels of inclusiveness, and these clades are also 
considered as individuals, then assigning species to higher named 
taxa is not classification, in the sense of class versus individual (de 
Queiroz, 1988, 2005).

A key concept here is the argument that species are ontologi-
cal “individuals”; discrete or separate objects which may be similar 
to others but nevertheless have independent and unique identities. 

You, the reader, are an individual person among several billion. 
Similarly, the species Homo sapiens is an evolutionary lineage repre-
senting one among several in the family Hominidae. The individual 
identity of H. sapiens has a similar nature to your own. In contrast, 
the idea of a class is a set of objects that do not share a fundamental 
identity, but only belong together based on shared attributes. In this 
view, H. sapiens would merely be any bipedal mammal with speech, 
culture, 23 pairs of chromosomes, etc., of which you happen to be an 
instance, but does not have any more inclusive or meaningful nature 
or historical identity. Such a view is, we (and others) suggest, incom-
patible with the existence of species as the outcome of evolutionary 
processes.

The recognition of species as ontological individuals has a long 
history (Baum,  1998; Bernier,  1984; Brogaard,  2004; Coleman & 
Wiley, 2001; Ereshefsky, 1992; Frost & Kluge, 1994; Ghiselin, 1974, 
1981, 1987; Hennig, 1966; Holsinger, 1984; Hull, 1976; Kitcher, 1984; 
Mayden,  2002; Mishler & Brandon,  1987; Queiroz,  1999; 
Rieppel,  2009; Rieppel & Grande,  2007; Wiley,  1980). The impli-
cations of individuation versus the treatment of species as classes/
natural kinds have been detailed elsewhere (Frost & Kluge, 1994; 
Mayden, 2002). To review, if species are ontological individuals, they 
must fit specific criteria for the category. We consider the criteria 
for individuation to be the following: Is it ostensively defined? Is the 
thing a particular? Are there instances of the thing? Is it bounded in 
space and time, with the boundaries being fuzzy? Do the parts ex-
hibit cohesion? Is the thing a mereological sum (Table 1)?

Species are particular things, so there are no instances of them. 
They are not universals like “chairs,” of which there are many in-
stances. The River Frog Lithobates heckscheri is a unique thing, a 
particular of which there are no instances. Species are not defined 
by a specific list of characteristics or rules that will always define a 
species, that is, they are not intentionally defined. Contrast that with 
hydrogen, which is always defined by the presence of a single proton 
and a single electron. Species have diagnostic features that allow us 
to point to and say “that is Lithobates heckscheri.” As such, species 
are ostensively defined by reference to individuals, and are there-
fore diagnosed rather than being classified or characterized by the 
recognition of intensionally defined attributes possessed by their 
members. Species are spatiotemporally bound, they have begin-
nings (speciation) and ends (extinction). The boundaries in space and 
time are fuzzy. The fuzziness refers to geographic distribution and 
tokogenetic reticulation (migration of individual organisms) between 
lineages. Consider hydrogen again, which likely appeared at the be-
ginning of the universe and continues to exist throughout the space 
of the universe. The parts of species exhibit cohesion through the 
tokogenetic nexus and respond to similar processes in similar ways.

If species are individuals and their parts are also individuals, then 
species are mereological sums, which refers to part–whole relations; 
are species more than the sum of their parts – the living members? 
Each organism within a species is a particular thing, an ontological 
individual. If each organism is a part of a species, then species would 
be a whole ontological individual composed of its parts, the spe-
cific organisms as ontological individuals. Based on the criteria for 
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arguing that a thing fits the ontological category individual, species 
are individuals.

3.2  |  Are subspecies real and individual?

A way to answer this is to ask if subspecies exist without human 
perception. Evolutionary lineages are things that existed prior to and 
independently of us observing them. Lacking perfect knowledge of 
evolutionary history, we are left to interpret phylogeny, taxonomy, 
and species delimitation by observing limited data such as DNA and 
phenotype. For a subspecies that is delimited using such data, we 
can then ask how we would interpret this given perfect knowledge 
of evolutionary history and genealogy. If such knowledge revealed 
that the subspecies was in fact a unique and independent lineage, it 
would then rightfully be considered a species. If instead we learned 
that a subspecies was a class of individuals exhibiting characteris-
tics such as a phenotype due to contingent circumstances (e.g., local 
adaptations), these would not represent ontological individuals and 
would not merit taxonomic recognition.

There is another level to the reality of subspecies, having to 
do with the name. We see a dissonance between subspecies as 
trinomials and the biological entities they have been purported 
to be. Take Agkistrodon contortrix contortrix, which is a real name, 
just as Hamlet and Clarissa Dalloway are real names. However, 
the things they represent are not real. If A. c. contortrix is a dis-
tinct, concrete entity in nature, an independent evolutionary 
lineage representing an ontological individual, then it is simply 

A.  contortrix, a species. If subspecies are considered a kind of 
evolutionary unit, the recognition of subspecies as a class would 
reject that claim because evolution as a process would not exist 
for subspecies: no evolutionary processes, then no evolutionary 
unit. If A. c. contortrix is a class of A. contortrix specimens show-
ing a particular color pattern (sensu Gloyd & Conant, 1990), then 
A. c. contortrix is not a real entity in nature and is just asregardless 
if unrooted fears of undefined “fictional as the Prince of Denmark 
and the nostalgic hostess from Westminster. We are left with the 
conclusion that if subspecies are indeed real things and individu-
als, then they are species.

Therefore, we take a skeptical approach to the notion that sub-
species exist but are not ontological individuals. We use the specific 
criteria for the category ontological individual (as noted earlier for 
species) to challenge the idea that subspecies cannot be individu-
ated. So the questions below, directly and one criterion at a time, 
evaluate subspecies as individuals.

Are subspecies ostensively defined? This question stands out 
for subspecies because the way many workers name subspecies is 
based on some theoretically localized morphological variation (that 
species is blue over there, but not here), thus you can point to the 
blue feature and name it. Given that a subspecies can be diagnosed 
in this way, it is actually a species; the subspecies rank does not 
stand as a distinct and separate real, concrete individual aside from 
the species. It is important to note that we do not think that species 
are the only biological individuals. Monophyletic groups are diag-
nosable and are biological individuals. Subspecies, however, are not 
monophyletic and again, as such, not diagnosable.

Example

Individual

Particular thing Lithobates heckscheri – The river frog represents a 
unique entity

No instances One lineage of L. heckscheri

Defined through ostension Can point to unique diagnostic characters

Bound in space and time Distributed only in SE North America, diverged from 
closest living relative ~15–10 mya

Cohesive Individuals of L. heckscheri are connected via 
tokogenetic processes; changing adaptive 
landscapes affect all individuals

Mereological sums Composed of other individuals; individual organisms of 
L. heckscheri are parts of the whole lineage

Class

Universal thing Hydrogen (H) atom – a kind or type of object, not unique

Instances exist H atoms are exactly the same, and can be created

Defined through intension H defined by strict rules, but not by a fundamental 
identity

Not spatiotemporally bound H originated with the universe, found across universe

Not cohesive Single H affected at a time; nothing affects “hydrogen” 
as a whole

Not mereological sums Not parts of wholes, the parts of H are also class objects

TA B L E  1 Criteria that differentiate 
ontological categories of individual and 
class (also see text)
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Are subspecies particular things without instances? There are two 
ways to address this. Subspecies could be instances of species, but if 
species have instances then species must be classes. However, species 
are not classes, they are individuals, and do not have instances. If sub-
species are defined by specific rules, say the presence of blue members, 
and demes or populations of blue members that exist in disconnected 
space, then subspecies would be a class with instances of each other. 
If subspecies are unique evolutionary units, and thus particulars, then 
subspecies would be an individual and a part of a whole. That means 
they would also be diagnosed and not defined by a set of rules. As such, 
subspecies would again be indistinguishable from species.

Are subspecies spatiotemporally bound, with the boundaries 
fuzzy? If subspecies are evolving units such as incipient species or 
as lineages collapsing via hybridization, then they certainly would be 
bound in time and space with fuzzy boundaries. Incipient species and 
collapsing lineages reflect lineage dynamics as diverging and merg-
ing parts of the tokogeny, respectively. We assume which parts of 
the tokogeny are named as subspecies based on reproductive con-
nectivity, but where do these subspecies begin and end? And how 
do these processes differ from the process of lineage reticulation? 
We are left to conclude that markers of spatiotemporal boundaries 
are artificial (i.e., where and when are organisms blue) and in fact 
simply reflect a normal process inherent to lineages that are species.

Do subspecies exhibit cohesion? We think they must, but only 
partially, regardless of how they are delineated within a species. 
If they were fully cohesive, they would be recognized as species. 
However, in the delineation, other cohesive parts of the whole lin-
eage (the species) are intentionally left out. So, some parts/members 
of the subspecies may be responding cohesively with extralimital 
parts, thus rendering the cohesion partial (Figure 1).

Are subspecies mereological sums? Subspecies must be individ-
uals composed of parts which are individuals to be such. Subspecies 
are certainly composed of ontological individual parts (i.e., each or-
ganism). If the subspecies does not have instances and is spatiotem-
porally bound, then such an entity composed of these parts would 
be a mereological sum. Would that entity still be a subspecies? No, 
that entity would be a species.

Specifically, for those subspecies that are allopatric historical lin-
eages, these are no different from species (see Collins, 1991). For those 
subspecies considered historical lineages as either incipient or merging 
species, they, too, are ontologically no different than species evolving 
as part of the phylogeny. We note that assessing these processes with 
data under any concept (e.g., BSC, Evolutionary Species Concept, and 
Phylogenetic Species Concept) implicitly contain prospective state-
ments (O'Hara, 1993). For example, a group of populations that qualify 
as a species in the present moment is predicted to continue instanta-
neously into the immediate future. Even if they begin to merge over 
time and eventually cease to be distinct species, this will not happen 
instantaneously, as they are spatiotemporally distinct. Even at nearly 
instant temporal scales, interpreting subspecies as incipient species 
already suggests that spatiotemporally independent lineages are co-
hesive and thus species. Therefore, subspecies as former historical lin-
eages that are in the process of merging are also species.

3.3  |  Can there be a subspecies concept?

Considering species as the fundamental units of evolution that are 
also concrete individuals, we then ask if they can be discovered under 
a single or multiple concepts. The idea of monism suggests species 
are discoverable by one concept (Hull, 1999). This is in opposition 
to pluralism, where a single concept cannot account for various pro-
cesses that generate species in different groups. Monism aligns well 
with concretism and suggests that among the plethora of species 
concepts used today, these generally represent different practical in-
stantiations of a single underlying concept that are theoretically and 
operationally practical for defining species (see de Queiroz,  2007; 
Nathan & Cracraft, 2020). Alternatively, perhaps the actual “species 
concept” has not yet been discovered. Reydon  (2006, 2005) sug-
gested that a pluralistic view of species may be at the heart of de-
bates about the species problem. Under this pluralistic view, species 
may be considered as four different kinds of entities: (1) synchronic – 
equivalent to biological species, (2) diachronic – segments of the tree 
of life, equivalent to phylogenetic species, (3) classes sharing similar 
properties, or (4) classes of evolving populations or groups. Here, the 
first two categories are considered individuals and may not actually 
be different kinds of entities, but rather viewed as time limited or 
time extended (de Queiroz, 1988, 1998). The second two are classes. 

F I G U R E  1 A schematic illustrating the partial cohesion, partial 
boundedness, and the partial participation as interactors of a 
subspecies within a lineage. The tokogenetic nexus (dashed lines) 
depicted contains all circles (organisms) and their replicating 
connection between them is illustrated through lines. The blue dots 
depict the delimited individuals through time to be members of a 
subspecies with which other members of the tokogeny reproduce 
but are not included (dotted lines), illustrating partial participation 
within a real ontological individual



8 of 17  |     BURBRINK et al.

Within diachronic species, there exist two other categories differen-
tiating between lineages and clades. The former are lineages that are 
reproductively compatible, and Reydon and Kunz (2021) treated both 
lineages and clades as biologically relevant. Subspecies would be dia-
chronic and also equivalent to species in that regard.

Considering species as evolving individuals should be recognized 
as the dominant and necessary basis for evolutionary classification. 
However, the BSC continues to cast a long shadow over species 
delimitation, though instances where the criterion of reproductive 
isolation is actually rigorously tested empirically when delimiting 
species are rare (Cracraft, 1983). For the most part, phenotypic dif-
ferences served to indirectly determine if species were potentially 
interbreeding (Sokal & Crovello, 1970) until the rise of genetic data. 
The vast majority of named species are likely also distinct evolution-
ary entities, as taxa delimited based on apparent reproductive iso-
lation are probably separate species in most instances. Of course, 
these species may also contain multiple independently evolving lin-
eages – cryptic species.

In contrast, this operational basis for classification (reproductive 
isolation) is also associated with the use of “subspecies” for numer-
ous lineages in the gray zone of speciation, a trend that is still being 
advocated in several major groups of organisms (Braby et al., 2012; 
Hillis, 2019; Patten, 2015). However, as noted here and by previous 
researchers (Cracraft, 1983; Frost et al., 1992), prioritizing a partic-
ular form of cohesion over evolutionary history represents a major 
starting point for problems with recognizing species (Velasco, 2008) 
and, in particular, promotion of the subspecies rank.

From a classification point of view, where members of a particu-
lar class are defined by essential properties, lineages connected by 
some amount of gene flow could be problematic. But ontologically, 
species are not classes under most recent interpretations. Species 
represent the basal category of taxonomy, yet are defined ontolog-
ically as individuals (de Queiroz, 1988; Griffiths, 1974). Further sub-
dividing this category has no meaning given that anything below this 
category is not defined as an individual or simply refers to arbitrary 
additional gradations of individuals. Logically, if one can group pop-
ulations and those are identified as spatiotemporal individuals that 
are cohesive with fuzzy boundaries, then this entity cannot be fur-
ther subdivided into “species.” Along the continuum of “subspecies” 
definitions, they either represent nothing concrete in nature or they 
are species. We thus assert that species are a reasonably indivisible 
unit; not that variation does not occur within species, but that it does 
not make sense to consider the existence of infraspecific evolution-
ary units in taxonomy.

Our assertion thus derives from the nature of species as con-
crete natural objects which are ontological individuals. This illus-
trates that taxonomy is the process of identifying the singular real, 
distinct entities in nature produced by evolution, which are named 
as species. The category of species is not arbitrary, though taxo-
nomic ranks above the species are arbitrary monophyletic groups. 
Crucially, this implies that there logically cannot be an ontologically 
meaningful subspecific entity that is recognized taxonomically. If 
the subspecies is an ostensively defined individual, it is redundant 
with the species, and is itself a species (de Queiroz, 2020). If the 

subspecies is an intentionally defined class, then it is describing in-
trinsically different levels and hierarchies of biological phenomena 
which taxonomy is explicitly not attempting to address, such as ecol-
ogy, behavior, and phenotype. Obviously, species can contain geo-
graphically structured genetic sublineages, populations, demes, and 
individuals, all of which vary from one another in biologically mean-
ingful ways. But the aim of taxonomy is to reflect an evolutionary 
classification beginning with the fundamental unit of evolution, the 
species. Infraspecific variation, even if biologically meaningful (e.g., 
local adaptations) are of a qualitatively distinct nature; we cannot 
identify any potential subspecific entity that is (1) real and (2) not a 
species.

If these were not true, and taxonomy were used to delimit hier-
archical, class-based infraspecific variation, there would thus be no 
logical reason to stop at a single rank below the species. There would 
instead be an explicit need for an infinite number of infraspecific 
ranks, sub-subspecies, sub-sub-subspecies, etc., down to taxonomic 
recognition and nomenclatural allocation of individual organisms 
within species, or even individual cells or alleles within individuals, 
as each of these represents the potential substrate for future evo-
lutionary variation or distinctiveness. One might also argue for the 
taxonomic recognition of other nonspecies entities that provide the 
context for evolution, such as ecological communities, colonial or-
ganisms, or multispecies consortia such as biofilms. Rather, we argue 
that the existence of ontologically meaningful subspecies is logically 
impossible.

4  |  RECENT PROPOSAL S RE VIVING 
SUBSPECIES

Most modern definitions of subspecies, particularly those that con-
sider genetic data, attempt to bridge evolutionary history with re-
productive isolation (Braby et al., 2012; Hillis, 2020). Conceptualizing 
subspecies under a variety of processes that can be modeled and 
applied to classify evolutionary history can be problematic. Spatially, 
subspecies can be peripatric, parapatric, or, by some authors, only 
allopatric. They can also be incipient species, merging historical line-
ages, or be unrelated to historical processes that generate unique lin-
eages. As various authors have pointed out for over 40 years, these 
definitions are almost always unsatisfactory (Frost & Kluge, 1994; 
Rosen, 1979). As noted by ourselves and other previous authors, this 
creates a “burden of heritage” that retains subspecies as artificial 
designations in many modern taxonomies (Crifasi,  2007; Pyron & 
Burbrink, 2009; Torstrom et al., 2014).

Several recent proposals have been written to revive the use of 
subspecies in systematics. Hillis (2020) suggested that continuously 
distributed geographic races that represent formerly isolated lineages 
be considered subspecies. He favors naming those formerly distinct 
evolutionary lineages that are apparently being subsumed within the 
species as subspecies, denoting both historical lineage independence 
and current nonindependence given a lack of reproductive isolation 
(Hillis,  2019). After lineages collapse into single species, evidence 
of their existence will become artifacts represented only as ghost 
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lineages in admixtured populations (Ottenburghs, 2020). However, 
extinct taxa are still named as species regardless of how they become 
extinct, even if by hybridization. Therefore, there is no reason to not 
consider these overlapping lineages as species given that they can 
still currently be detected as spatiotemporal individuals regardless of 
gene flow. That they can be detected indicates they are unique evo-
lutionary lineages; they are species regardless of what happens in the 
future. The benefits of naming species now and properly enumerat-
ing biodiversity at the correct scale of classification is much greater 
than the uncertain drawbacks of either collapsing species or waiting 
for them to become “more” of a species at some time in the future.

A primary objection to the Hillis (2020) proposal is that he treated 
the existence of real, historical lineages as an empirical epiphenom-
enon (“subspecies”) that is distinct from their ontological divergence 
into separate individuals (“species”). Specifically, a subspecies as 
Hillis proposed operates like a class to which organisms belong, 
rather than an individual. Indeed, he stated “A third solution is to use 
the subspecies category to refer to geographic races. Why would 
we want to do this? Many applications, such as field guides, rely on 
the appearance of organisms for identification” and “the subspecies 
category (or common names) can be used effectively to differenti-
ate geographic races within a species whenever that is practical or 
important.” Consequently, subspecies are at least permitted (if not 
required) to be classes defined intentionally by the possession of 
characteristics such as geographic origin, external morphology, or 
specific allele frequencies. Yet, these classes are nevertheless de-
fined within ontological individuals (species). This logical incompati-
bility is not necessarily fatal, but we suggest it is incongruous when 
trying to understand the evolutionary process and use taxonomy to 
express phylogeny. Therefore, Hillis (2020) would suggest applying 
the rank of subspecies to cases where historical lineages still retain 
gene flow, whereas we strongly recommend they be recognized as 
distinct species given our ontological argument and empirical ev-
idence that species clearly retain the historical signal of indepen-
dence regardless of introgression.

Despite strong advocacy for subspecies from authors such as 
Braby et al.  (2012) and Hillis  (2019, 2020), theoretical work that 
explains how subspecies form and transition into species has been 
absent. The lack of a theoretical basis for identifying how “subspe-
ciation” and the maintenance of subspecies differs from speciation is 
evident (but see de Queiroz, 2020). This is in part a consequence of 
the lack of a consensus view on how to define subspecies and how to 
delimit them, as described above. By contrast, evolutionary theory 
on populations and species, the hierarchical scales below and above 
subspecies, have a rich legacy and remain active areas of research 
in speciation and macroevolution. Without a theoretical basis, the 
relevance of subspecies in evolutionary biology is relegated to a tax-
onomic rank decoupled from process.

de Queiroz  (2020, 2021) provided a distinct approach offer-
ing viewpoints grounded in the theory of phylogenetic taxonomy. 
Importantly, he pointed out that there is nothing necessarily that 
differentiates between ranks; all historical evolutionary lineages are 
nested within each other. What he therefore argued is that separately 

evolving meta-population lineages (species) may themselves contain 
population-level lineages (subspecies) that are of the same fundamen-
tal kind, all “species.” Therefore, a species may have multiple incom-
pletely separated subspecies that are nevertheless distinct ontological 
individuals, species within species. This is analogous to a family con-
taining subfamilies; both describe a fundamentally similar level of vari-
ation. In a system of phylogenetic nomenclature (de Queiroz, 1997; 
Laurin, 2008), ranks are not needed, and we can view all of these his-
torical lineages as ontological individuals nested along the phylogeny.

We differ from de Queiroz in discarding the label of “subspecies” 
primarily due to historical baggage (Pyron & Burbrink, 2009), though 
we both seem to recognize the same individuals as “species.” What de 
Queiroz defined as subspecies, we simply take to be the boundary or 
limit of ontological definitions of species, suggesting that this can fulfill 
most needs of the term. Where de Queiroz would call an incompletely 
separated lineage a “subspecies,” we would simply reiterate that there 
exists a continuum of divergence between species, ranging from weak 
to strong reproductive isolation. In summary, we believe that there are 
few significant disagreements between our view and de Queiroz's, other 
than that we find his continued support of the word “subspecies” to be 
an unnecessary complication with an excessive burden of heritage.

We note there remains another option which both the 
Hillis  (2020), de Queiroz  (2020, 2021) proposals consider but do 
not address directly. An ontologically complete philosophy could 
recognize all spatiotemporally discrete population units as species 
(Kizirian & Donnelly, 2008; D. Kizirian, pers. comm.). This status could 
be gained and lost instantaneously; a newly formed allopatric island 
population or geographic population isolate would therefore im-
mediately become a species, but also immediately merge back into 
the ancestral species upon reconnection (Murray & Crother, 2016). 
Because such proposals have occasionally been considered (e.g., 
Collins, 1991), they are generally rejected as being empirically un-
wieldy and causing taxonomic inflation beyond the level with which 
most researchers are comfortable. In fact, Hillis  (2021) criticized 
de Queiroz  (2020) by suggesting that the latter's proposal would 
result in something akin to this scenario, in which ever-finer pop-
ulation structure is delimited as species. de Queiroz (2021) denied 
this, but admitted that his own threshold for demarcating the contin-
uum between “structure” and “subspecies” remains poorly defined. 
Arguments appealing to what is useful to humans are irrelevant if 
recognizing the existence of a particular phenomenon is a goal of 
science regardless if unrooted fears of undefined “taxonomic chaos” 
ensue (Hillis, 2020; see Sangster, 2009). We note that naming fine-
scale population structure as subspecies is no less “chaotic” in the 
sense of proliferating additional names with fuzzy definitions.

5  |  SUBSPECIES PRESENT PROBLEMS 
FOR CL A SSIFIC ATION AND COMPAR ATIVE 
METHODS

Determining if evolutionarily distinct groups are unique “enough” 
to merit species status given degree of reproductive isolation 
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disregards historical uniqueness of lineages. In many cases, up-
holding the primacy of reproductive isolation can distort evolu-
tionary history by applying an incorrect taxonomy to paraphyletic 
groups (see Figure 2). In instances where biological species group 
nonsister lineages because of failure to be reproductively iso-
lated, the result is paraphyly (Frost & Kluge, 1994; Rosen, 1979). 
Application of the subspecies rank to indicate the presence of lin-
eages with gene flow has unfortunately been used to derive para-
phyletic classification of the North American Ratsnakes as a valid 
taxonomic solution (Hillis & Wüster, 2021). Some authors indicate 
that the concept of paraphyly properly only applies to interspe-
cies relationships (Nixon & Wheeler, 1990; Wiley, 1981), though 
as Velasco (2008) noted, the idea of recognizing and naming non-
sister populations, subspecies, or species as taxa is undesirable 
if the goal is to generate a taxonomy reflective of genealogical 
history.

Interestingly, the problem of considering paraphyletic taxa has 
been recognized by some authors (Lee, 2003; Tobias et al., 2010) 
and yet interbreeding is prioritized over accurately reflecting 
evolutionary history. However, if accurately representing evolu-
tionary history and providing names to reflect that history is a 
primary goal of systematists, then species concepts that group 
and rank individuals without regard to phylogenetic/genealog-
ical history such as the BSC, Ecological Species Concept (Van 
Valen,  1976), Cohesion Species Concept (Templeton,  1989), 
Recognition Species Concept (Paterson, 1985), or Genetic Species 
Concept (Mallet, 1995) are problematic and poorly communicate 
that history.

Maintaining paraphyletic species also affects tree inference 
and downstream application of trees for other avenues of research. 
Applying the rank of subspecies can prevent accurate study of evo-
lutionary history if terminal tips are composed of grouped nonsister 
lineages for inferring phylogeny (Ruane et al., 2014). Additionally, 
many subspecies continue to persist in taxonomies that do not rep-
resent lineages, but rather as classification artifacts or handles of 
conveniences (i.e., legacy subspecies). These legacies are not lin-
eages and therefore placing those on trees will not reflect lineage 
divergence.

This creates a difficult problem for tree inference and classifi-
cation above the species when terminals in a phylogeny could be 
a combination of species as lineages, lineage subspecies, species 
containing non-sister subspecies, and legacy subspecies (Yaxley & 
Foley, 2019). Only the first two categories of terminal units would 
be useful for inferring phylogeny, and for tree construction, lin-
eage subspecies are equivalent to species. Of course, this affects 
downstream approaches for inferring gene flow, incomplete lineage 
sorting, historical demography, and macroevolutionary and macro-
ecological processes such as trait evolution, biogeographic infer-
ence, diversification, and community assembly (Smith et al., 2018). 
No tree-based inference method gives expectations for how ter-
minal taxa (or OTUs) form, and thus cannot accommodate tree 
distortion (Velasco, 2008) potentially misleading phylogenetic com-
parative methods.

F I G U R E  2   Examples of how recognizing subspecies can distort 
representations of phylogenetic history. On the left hand side of 
both panels (a) and (b), the overlap between colored circles indicates 
lack of reproductive isolation (RI) and is illustrated over the correct 
genealogical relationships with a thin gray arrow representing 
hybridization after speciation. (a) A paraphyletic outcome where 
species are delimited using the biological species concept (BSC) and 
subspecies are recognized. On the right hand side, the three species 
(b–d) are considered subspecies of (b) given lack of RI and force a 
paraphyletic representation of lineages (species and subspecies 
– sp–ssp relationships). The sister lineage of species A, subspecies 
b, is incorrectly constrained to be a lineage within species B. (b) 
An outcome where species are delimited due to lack of RI and 
the species, B and C, are constrained to be subspecies of B. Two 
polyphyletic outcomes are shown where species B is constrained 
to include two lineages (subspecies b and c) and is either the sister 
taxon of A or D. However, in either topology species B will contain 
at least one lineage that is not sister to that species. For example, if 
species B were considered as sister to species A, then species C can 
no longer be correctly inferred as the sister lineage to species D
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Sp. B
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6  |  PR AGMATIC ISSUES WITH 
SUBSPECIES IN ETHIC S,  POLICY,  AND 
CONSERVATION

Based on our above discussion of the philosophical and empirical 
issues with the subspecies category, there are also several crucial 
considerations for biodiversity ethics, policy implications, and con-
servation management (see Pyron & Mooers, 2022). The intersec-
tion between values, conservation, and taxonomy is complex and has 
received extensive attention in the past (Mace, 2004; Moritz, 1994). 
Based on our formalization of the philosophical and empirical nature 
of species and the inapplicability of subspecies, we offer a few ad-
ditional comments.

Some authors have suggested that subspecies may play a use-
ful role in conservation management through greater applicabil-
ity of policy and legal protections. For instance, Phillimore and 
Owens  (2006) concluded that “subspecies may, in fact, be of con-
siderable conservation utility, as proxies for the sub-structure found 
within species.” Yet, as subspecies cannot be defined coherently as 
the outcome of evolutionary processes that differ from species, it is 
just as likely that legal protections and management practices will be 
misled by a focus on arbitrarily named intraspecific taxa (Zink, 2004). 
Correspondingly, if “subspecies” are found to represent evolution-
ary significant units (ESUs) in a phylogenetic context produced by 
historical evolutionary processes (sensu Crandall et al., 2000), we 
have argued that this is prima facie evidence that they are, in fact, 
species. Ranking them as such therefore increases their capacity for 
legal protection under nearly all policy frameworks worldwide.

If taxonomic rank is derived from the degree of reproductive 
isolation, and considering the complex nature of hybridization, 
then with regard to conservation Allendorf et al.  (2001) is correct 
in stating “Any policy that deals with hybrids must be flexible and 
must recognize that nearly every situation involving hybridization is 
different enough that general rules are not likely to be effective.” 
Although not solving the problem of population or species protec-
tion, it must be realized that there is an unintended feedback loop 
when recognizing rank given the variation in what is meant by re-
productive isolation over space and time and across the genome 
with regard to conservation status. On the other hand, extinction 
via hybridization at least acknowledges species existence as unique 
evolutionary lineages with reticulation (de Queiroz, 2005; Rhymer & 
Simberloff, 1996).

Accordingly, if one adopts a historical, phylogenetically based 
species concept that recognizes species as the fundamental unit and 
primary product of the evolutionary process (Hull,  1976; Nathan 
& Cracraft, 2020), this reduces the potential for idiosyncratic mis-
matches between policy aims and empirical taxonomic conclusions. 
Generally, no one would argue for taxonomic decisions to be made 
for the sole purpose of achieving a policy outcome, which would un-
dermine both the legal process and scientific method. Rather, some 
have suggested that recognition of “subspecies” can promote pol-
icy aims of conserving ESUs (e.g., Braby et al., 2012). There are two 
major problems with this.

The first is that it saddles the science of taxonomy with addi-
tional aims and considerations that are outside of its remit. The goal 
of taxonomy, we reiterate here, is to discover species as the funda-
mental unit of evolution and infer relationships among those units. 
If ESUs or subspecies represent evolutionarily distinct, historical 
phylogenetic units, then they should simply be recognized (and pro-
tected) as species. If subspecies do not represent distinct historical 
evolutionary units, then the rank is being utilized for pragmatic or 
utilitarian reasons to recognize geographic or morphological (etc.) 
variants solely for policy and management.

For instance, Frankham et al.  (2012) concluded that the 
Phylogenetic Species Concept (PSC) was incompatible with the aims 
of conservation biology, because recognizing phylogenetic lineages 
as species thereby creates legal barriers to the transplant or hybrid-
ization of those populations, among other issues. This seems unten-
able and at best misaligned with, if not outright contradictory to, the 
empirical aims of taxonomy as a science (Pyron & Mooers, 2022), as 
the policy implications of a taxonomic decision are subordinate to 
scientific accuracy. Arguing the reverse, Russello and Amato (2014) 
concluded that only the PSC was sufficiently operationalized to 
function effectively for conservation and management purposes.

The second, more pragmatic issue is that formal taxonomic rec-
ognition is obviously not an intrinsic requirement of legal policy, 
which can be modified at will, or conservation management, which 
typically has a specific geographic or population context. As noted 
by Braby et al.  (2012), many major legislative frameworks are not 
dependent on trinomial nomenclature. Thus, no alteration of empir-
ical taxonomic practice is needed to address any fundamental issue 
in conservation policy (Haig et al.,  2006). Nonhistorical infraspe-
cific units could also make conservation more difficult if we want 
to prioritize species delimitation, but current protections of poorly 
designated subspecies limit sampling efforts to properly designate 
species or study the biology of these organisms locally.

If biodiversity has intrinsic value, then the most accurate taxon-
omy that reflects the real existence and extent of that biodiversity 
is obviously most desirable for management and policy. The de-
bate over nature's value and biodiversity in particular, addressed in 
part by the philosophical field of environmental ethics (Brennan & 
Lo, 2021), is far from settled. There is surprisingly little agreement 
over basic questions such as whether biodiversity has intrinsic 
value (as an end unto itself) or only instrumental value (as a means 
to an end) such as ecosystem services or commercial material (see 
Maier, 2012; Vellend, 2014). Crucially, is the value of life centered on 
the individual organism (Agar, 2001) or does it emerge at higher lev-
els, such as the species (Lockwood, 1987)? Would that value extend 
to infraspecific units such as “subspecies?” Regardless of how one 
answers these open questions (Callicott,  1989; Norton, 1995), we 
suggest that subspecies confound these deep issues in conservation 
and environmental ethics.

Resolving these questions is beyond the scope of the present 
review. However, we make several basic observations based on our 
definition of taxonomy as the discovery and classification of natural, 
concrete species as the fundamental unit and primary outcome of the 
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evolutionary process. If, as Lockwood (1987) and Agar (2001) sug-
gest, value is located in individual organisms, the moral implications 
derived from species concepts are lessened or alleviated, and the 
inapplicability of subspecies is primarily limited to the philosophical 
and empirical issues described earlier. One might question, however, 
the ethical implication of privileging one set of arbitrarily delineated 
yet morally equivalent individuals as a subspecies, especially if by 
doing so they receive differential conservation (Zink, 2004).

Alternatively, perhaps species have intrinsic value (see 
Sandler, 2012; Smith, 2016). If this is the case, then a logical infer-
ence might be that the taxonomy most in accord with the value of 
biodiversity would be one which recognizes the fundamental units 
of evolution as species, as we argued for above. Thus, subspecies 
or other ranks erected based on intrinsic reproductive isolation 
would distort interpretation of nature's value via the same implied 
distortions of phylogenetic and evolutionary history outlined by 
Rosen (1979) and Velasco (2008). This is the mirror-image conclusion 
of Frankham et al. (2012).

Finally, perhaps species have only instrumental value, such as 
for their ecosystem services or their various values to humankind. 
This would not affect the status of species as ontological individu-
als produced by the evolutionary process, and thus the instrumen-
tal value judgment of species would be orthogonal to the practice 
of taxonomy as an empirical science. If subspecies are inappropri-
ately confounded with ESUs (see discussion in Braby et al., 2012) 
as nonhistorical entities erected for purposes related to conserva-
tion value (e.g., Frankham et al., 2012), this again burdens taxonomic 
ranks with nonhistorical secondary considerations which they were 
not designed to address. As described earlier, the pragmatic aims of 
such approaches can usually be addressed with nontaxonomic pol-
icy and management solutions. Therefore, we argue that in any of 
these cases, the taxonomic solution most congruent with the value 
of biodiversity is one which diagnoses and delimits the naturally 
arising, fundamental units of that biodiversity as an outcome of the 
evolutionary process, the species.

7  |  TA XONOMIC SOLUTIONS 
FOR SPECIES FAILING TO SHOW 
REPRODUC TIVE ISOL ATION

Our discussions above are not concerned with species delimitation 
per se; whether or not subspecies exist is orthogonal to how spe-
cies are delimited, a question which has many approaches (Carstens 
et al., 2013). Nevertheless, readers may rightfully ask how this un-
derstanding should affect their interpretation of empirical data. 
Correspondingly, we wish to counteract three potential misreadings 
of our discussion. First, the decision of whether an independently 
evolving metapopulation lineage exists as a species may not easily 
be answered objectively. In nearly all instances, investigators will 
still have to make a decision with some degree of subjectivity. Here, 
we reiterate previous authors that such determinations must ap-
peal to empirical data that are derived from an understanding of the 

evolutionary history of populations with explicit reference to their 
historical genealogical relationships (Leaché et al., 2019). However, 
the question still carries a philosophical component. Thus, we do not 
simply advocate treating population clusters identified within spe-
cies using methods such as BPP, PHRAPL, or STRUCTURE as spe-
cies (see Sukumaran & Knowles, 2017); the computational method 
alone cannot make the decision as to whether the entities delimited 
as species (by such technique) correspond to actual species.

Second, intraspecific genetic and phenotypic variation is wide-
spread and abundant. This provides the rich texture of evolutionary 
biology, and population-level differentiation is one of the primary 
avenues by which we learn about the evolutionary process. Taking 
our modestly reductionist view of the ontological nature of spe-
cies does not in any way compress or limit the study of populations 
across the phylogeography–phylogenetics continuum (Edwards 
et al., 2016). Rather, we argue that there is a philosophical limit of the 
resolution of taxonomy as a science in recognizing the evolutionary 
individual, the species, as the fundamental unit. Note that we are not 
(as explained earlier) saying that there is a threshold of divergence 
beyond which incipient lineages become species; this is a continuum 
in nature. Rather, there is an epistemological point beyond which 
we cannot meaningfully detect this divergence; diagnosable lineages 
should be delimited as species. Groups below this level cannot be 
recognized taxonomically, but nonetheless remain potent sources of 
data for ecology and evolution.

Thus, during species delimitation we are attempting to ascertain 
detectable infraspecific variation which has accumulated to such a 
degree as to cross the detectable “species event-horizon” and merit 
taxonomic recognition. We argue that it makes no sense to speak of 
infraspecific groups beyond that boundary; otherwise, we are ask-
ing about the taxonomic status of nontaxonomic entities. We have 
shown above that if such entities are historical and independent, 
they are simply species, and the boundary in that instance should be 
adjusted accordingly. If the populations are not historical and inde-
pendent (e.g., incompletely diverged sublineages or populations di-
agnosed by nonphylogenetic characteristics), then pasting them on 
as subordinate units to an evolutionary system of classification is a 
counterproductive attempt to fuse nonequivalent processes and pat-
terns. However, studying, describing, and understanding such infra-
specific genetic and phenotypic variation is still an invaluable pursuit.

Finally, we note that subspecies are a regulated rank in the 
International Code of Zoological Nomenclature (ICZN,  1999). 
Beyond advocating for cessation of further descriptions or utiliza-
tion of subspecies, we are not suggesting any major or substantive 
alteration of Code-based taxonomic practice. Just because subspe-
cies names are regulated by the Code does not mean that subspecies 
are real biological entities or phenomena, or that taxonomists have 
to use them; it simply provides rules and recommendations for their 
formation, availability, and validity as nomina in the species series. 
We contend that subspecies should not be used in active or new 
taxonomies. Importantly, the existence of subspecies in historical 
literature provides a rich vein of taxonomic hypotheses to be tested 
using new genomic datasets and methods, and the Code continues 
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to provide a robust framework for their interpretation in a coherent 
taxonomy.
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