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Article 

Synonymy in Taxonomy: Where Is the Evidence? 
George H. Scott 

Earth Sciences New Zealand; George.ScoĴ@gns.cri.nz 

Abstract 

Valuably, the International Code of Zoological Nomenclature provides, under its principle of 
priority, that a species name that has been declared a synonym of an earlier proposed species remains 
contestable and open to future research. However, as the Code is concerned with namenclature and 
not with taxonomic concepts, it places no restrictions on declarations of synonymy, enabling them to 
be published without supporting evidence. This freedom, which is at the core of the synonymy 
problem contributes to taxonomic inflation and constrains estimates of diversity. From a theoretical 
perspective, evidence in an unsupported declaration devolves to that of one specimen, the holotype. 
Furthermore, in the absence of other evidence, the declaration further devolves to one of opinion, 
with readers left to judge its value based on their knowledge of the declarator. This approach, based 
on typification, is contrasted with one in which a species exists independently of our perception and 
is viewable as samples of its local populations. Rather than an arbiter of usage, the holotype then acts 
only as a referent to its local source population, whose properties define much of the species concept. 
A worked example of these concepts using data from the planktonic Foraminifera supports the view 
that evidence of synonymy lies in the source populations of the holotypes. 
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1. Introduction 

That synonymy has long been a problem in taxonomy was shown by [1] who noted Hooker’s 
[2], p. xiv ‘chaos of synonymy’ and Strickland’s [3], p. 129 ‘curse of Babel’ and discussed the reasons 
underlying use of such pejorative expressions that led to the gestation of the current Code of 
Zoological Nomenclature (ICZN, Code) [4]. In it, a declaration of synonymy (ICZN art 23.3) is a 
statement that unites two nominal taxa under the name determined by the principle of priority (use 
the earliest available name). The Code does not further specify the contents of the statement and 
inclusion of supporting evidence for unification is left to the author’s judgement. Importantly, the 
name remains available: there is a validly named type specimen whose status is contestable. 
Particularly note that the Code deals with naming taxa, not with taxonomic concepts. Thus in a simple 
declaration of synonymy a hitherto valid name is demoted to an available name. Evidence is not 
required because that would involve consideration of taxonomic concepts, which is beyond the scope 
of the code. 

While it is good scientific practice that the status of a demoted species remains contestable, 
commonly it generates a stack of historical references to names that have been declared synonymous. 
In the instance of the Mammalia clade the stack is monumentally large [5], Figure 1 and is equally 
difficult to unwravel as names have moved in and out of synonymy in the course of research. This 
problem is found across biology ([6–12]) and its importance for estimates of species diversity is plain 
to see. Consequently, this instability of valid names, as it was two centuries ago, is cause for complaint 
and has prompted calls for a code to regulate lists of valid species (e.g., [13–15]). However, 
compaingers for regulation pay liĴle aĴention to taxonomic procedures that potentially promote 
instability in species names, particularly the freedom to declare a valid name to be a synonym of an 
earlier proposed name without citing evidence. Some conceptual issues of such declarations are 
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outlined here with reference to the role of holotypes as objectively named specimens and related to 
an example from the zooplankton. 

 

Figure 1. (A) Density map showing probabilities that specimens in the Gulf of Mexico (GOM) sediment trap 
belong to a normal (Gaussian) shape population. Specimens across the probability range are shown and the inset 
shows the holotype of Globorotalia oceanica. (B) Density map showing probabilities that specimens in the 
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Southwest Pacific Holocene core sample 1H-1-8-10 cm (LHR) belong to a normal (Gaussian) shape population. 
Specimens across the probability range are shown and the inset shows the neotype of Globigerina crassaformis. 

2. Materials and Methods 

Planktonic Foraminifera are a well researched, globally distributed marine protist clade with an 
extensive historical record, and a taxonomy based largely on their calcitic shells, which preserve 
valuable environmental signals [16]. The taxonomy of their modern species [17] was revised by [18] 
who included a list of synonymous species. For this conceptual review, their designation of 
Globorotalia oceanica Cushman & Bermudez, 1949 [19] as a synonym of Globorotalia crassaformis 
(Galloway & Wissler, 1927) [20] is examined informally, based on my identifications of the taxa. 

Gulf of Mexico sediment trap (GOM): This trap is a time series (2008–2012) of foraminiferal and 
particulate flux at 700 m on the northern Gulf of Mexico continental shelf (27.5◦ N; 90.3◦ W; Richey 
[21]). Tropical Atlantic Central Water is a major component of the upper watermass. Thirty-eight 
specimens supplied by Dr. Caitlin Reynolds were studied from the GMT2-1 sediment trap (212 µm–
425 µm fraction); they were collected between 21 and 27 April 2008. This material (Figure 1.A) is 
identified as Globorotalia oceanica. 

DSDP Site 591A 1H-1-8-10 cm (LHR): This site (31◦ 35.06 S; 164◦ 26.92 E; 2142 m) is on a southern 
spur of the eastern part of the Lord Howe Rise in the vicinity of the Tasman Front, a westward flowing 
branch of the subtropical East Australian Current. The age of the sample is 9.4 kyr ([22]; 33 specimens 
were studied from the >149 µm fraction. This material Figure 1.B) is identified as Globorotalia 
crassaformis. 

Methods for collection of morphometric data which capture specimen shape of the shell in the 
shown orientation are described in ([23], Figure 1.B-D). As this trait relates to the trophic and 
hydrodynamic functions of the organism in a planktonic environment it is considered to be 
significant in taxonomic studies. 

3. Results 

Alternative world views underly taxonomy, understood as classification in biology. A 
nominalist view is that the material of classification is tangible: it can be directly observed. This view 
is also implicit in much neurovision research in the field of categorization: we build personal concepts 
of objects as groups, whether or not natural, from direct observation, aided by visual recall of known 
examples. A species consists of the specimens allocated to it, and no more. In antithesis is the realist 
view ([24,25]) that most organisms are intrinsically grouped because of their homeostatic properties, 
which are self-regulating and collectively support the well-being of the organism and aid adaptation 
to its environment. In that view, the task for classification is not about forming groups, but 
recognizing them. This position was promoted by [26], who was influenced by Fisher’s studies of 
living species [27], and is consistent with the biological species concept [28]. 

How does a declaration of synonymy relate to these world views? Where is the evidence that 
species B-us is a synonym of species A-us. A nominalist might argue that, as their names are 
objectively aĴached to their holotypes, their synonomy can be judged from a comparison of these 
specimens. While few may use that as a sole criterion, in practice it is likely that holotypes have a 
particular influence on declarations of synonymy because of their authenticity: the names of these 
specimens cannot be challenged. 

Such simple solutions are not available to the realist taxonomist. Although they accept that taxa 
are natural groups, they can view them only from samples, not in their entirety. To make a judgement 
of their synonymy they first have to find samples that might come from unitary populations of the 
taxa (Figure 1). For morphospecies several steps are suggested. 1. The taxonomist uses their visual 
perception to select specimens they provisionally identify as A-us or B-us. 2. Morphometric data on 
a trait present in both groups are gathered. 3. Analyses provide probabilities of specimens belong to 
unitary populations and the significance of their discrimination. 4. The taxonomist evaluates these 
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statistical grouping data against their knowledge of the functional significance of the trait as a basis 
for judging whether B-us is a junior synonym of A-us. Figure 2.A is an example of these procedures. 

 

Figure 2. (A) Discrimination of Gulf of Mexico (GOM) sample from Southwest Pacific (LHR) sample. A 
generalized canonical discriminant analysis (function candisc in R package candisc (available from 
hĴps://github.com/friendly/candisc/) of data from a multivariate linear model uses PC1:3 projection data from 
the procrustes-processed samples. In this analysis almost all of the between-sample variation is accomodated on 
one axis which strongly discriminates LHR shells from those of GOM. Linear discriminant analysis (R package 
lda hĴps://CRAN.R-project.org/package=lda) with default priors produced an overall accuracy of 90%, with the 
confusion table showing three GOM specimens placed in the LHR category. (B) Data ellipses (95% confidence 
around mean values for a procrustes analysis (R package shapes hĴps://cran.r-
project.org/web/packages/shapes/index.html) of pooled samples from the Gulf of Mexico (GOM, green), Cariaco 
Basin (CAR, 2), and Ceara Rise (CER, 3). Sierra Leone Rise (SLR, 4) samples, with the addition of the three named 
specimens of Globorotalia oceanica. These specimens lie within the confidence limit of each sample. All of the 
material is from the source region of Globorotalia oceanica. 

However, these analyses do not address the naming question. Recalling that taxon names are 
aĴached to their holotypes, does the analysis establish that the groups recognized in the analysis 
represent A-us and B-us? How do these names act as referends? Article 23.3 of the Code refers to the 
unification of taxa, whose only objectively named specimens are the holotypes. A solution based on 
the view that species taxa are polytypic populations [19] that exist independently of our perception, 
is that the name is tied via the holotype to the local population from which it was sourced. A 
declaration of synonymy then needs to show that the holotype of the junior synonym falls within the 
senior synonym’s source population, as sampled. In practice, this sets a high standard of evidence, 
often difficult to obtain and may require proxy data, as are used in Figure 2.B. 

4. Discussion 

Although [18] outline reasons for exclusion of taxa from the list of modern species, for 
Globorotalia oceanica their comment is that [29] considered it extant. As presented, their procedure 
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closely matches a nominalist interpretation of the role of the holotype as an arbiter of usage although, 
as [18] acknowledge the collaboration of members of the SCOR/IGBP working group 138 in preparing 
their list, it is possible that data additional to those from the holotypes were considered. Nevertheless, 
as we are not privy to them, we do not know the bases of their decision about the status of Globorotalia 
oceanica. In the absence of data, what [18] provide is their expert judgement about its synonymous 
status. 

Expert judgements like those of [18] on the formal status of species are the modus operandi 
underpinning taxonomy and to an unknown extent contribute to the ‘synonymy overload’ that 
plagues estimates of diversity. In the absence of data, is their judgement about the synonymous status 
of Globorotalia oceanica credible? Here, augmentation theory [30] which focuses on the aĴributes of 
experts for judging the value of their opinions, is helpful. Potentially applicable are questions [31], p. 
750 to be answered in an appeal to expert opinion, several of which I answer. How credible are 
Brummer & Kucera (B&K) as an expert source? (ans: highly credible). Are B&K experts in planktonic 
foraminifera? (ans: yes). Is their decision on Globorotalia oceanica consistent with that of other experts? 
(ans: yes); Is their decision based on evidence? (ans: limited to the holotypes). Consistent with [31], a 
test designed specifically for taxonomy ([32] showed that ‘quality of work’ and ‘total productivity’ 
had the greatest weights when expert opinion is judged. Such reliance may bias how designations of 
synonymy are assessed and affect, say, the selection of editors for the taxonomic name aggregator 
WORMS [33]. Usage ranking [34], a bibliometric approach to mapping synonymy, is similarly 
hobbled by possible biases in expert opinion, as are estimates of synonymy based on a stochastic flux 
ratio model. 

Do the morphometric data support the judgement of [18] which, applied to data in Figure 1, 
would identify both as representing Globorotalia crassaformis? Evidence of a unitary population is 
clearly defined in Figure 1.A which sampled a living population. Bimodality in Figure 1.B is due to a 
group of elliptically-shaped specimens well separated from weakly conical specimens that form the 
main mode; they are excluded. Canonical discriminant analysis (Figure 2.A) of specimens from 
Figure 1.A and from the main mode of Figure 1.B shows that it is unlikely that these samples are from 
a common shape population: the median score for LHR falls close to the maximum score for GOM: 
the tails of the distributions overlap, as the linear discriminant also detects (Figure 2.B caption). 
Although these data certainly question the judgement of [18], they are limited to one trait and one 
dataset and other spatial/temporal records are neglected. 

Was the referent question posed above answered? Globorotalia oceanica was described from 
boĴom sediment dredged off the northern coast of Cuba and, as the sample was not available, proxy 
data are used. The site lies under the same tropically-sourced watermass as the Caribbean sediment 
trap (GOM) and three other sites [23]. Data ellipses (Figure 2.B) for the four tropical Atlantic – 
Caribbean samples overlap, with projections for the holotype and paratypes of Globorotalia oceanica 
positioned within the overlap. From preceding theory this is strong evidence that the name can be 
applied to these four samples, treated as representing local populations. 

5. Conclusions 

That the status of a validly proposed taxon is contestable is an essential feature of a science-
based taxonomy which should not be impared by regulation of names. Nevertheless, the freedom 
allowed by the ICZN to simply declare a taxon to be synonymous with a earlier named taxon, without 
provision of evidence, contributes to taxonomic instability, does not advance knowledge of taxa, and 
is an impediment to estimates of diversity. Unsupported declarations represent expressions of expert 
opinion whose acceptance is shown by augmentation research to be biased in favour of the 
reputational status of their authors. 

The kernel of the problem of unsupported declarations of synonymy is that they implicitly 
devolve to opinions based on the holotypes (typification), the only objectively-named specimens, 
which are strictly name-bearers and only in a limited sense referents. Reliance on typification 
contrasts with a realist concept of taxa as composed of sets of local populations. When analyzed, these 
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reveal much about their structure and show that the value of the holotype is no more than the name 
bearer from the local population from which it was collected. 

Where is the evidence of synonymy? It is primarily in the local populations of the name-bearing 
specimens, a view that is commonly ignored. 
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