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research
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Abstract. 1. We surveyed the treatment of taxonomic information in 567
papers published in nine entomological journals in 2016.

2. The proportion of papers that provide taxonomic data in sufficient detail
to permit precise validation of taxonomic identifications is vanishingly small:
most did not cite identification methods, most did not state whether identified
material had been vouchered, and taxon concepts were almost universally
absent in non-taxonomic papers. Overall, the combination of all three factors
was provided less than 2% of the time and almost two-thirds of all papers pro-
vided none of the three.

3. We suggest that journals should modify the templates used by editors and
reviewers by overtly including the following questions:

i. Are Order and Family named in the title, abstract or keywords?
ii. Are the methods used for identification of all studied taxa stated clearly?
iii. Is it clear who did the identifications, are they named and is their contact

information and/or institutional affiliation provided?
iv. Is the literature whereupon these identifications are based cited appropri-

ately? This would include some reference to as thorough a revisional taxon con-
cept statement as possible, preferably from recent revisions if available.

v. Are exemplars of all focal species (or all sampled individuals) vouchered in
a named repository (ideally with contact person name and accession numbers
or other means of ready detection)?

4. Accurate and replicable taxonomic identification is the cornerstone of biol-
ogy, without which entomological research risks becoming irreproducible and
thus not scientific.

Key words. Identification keys, instructions to authors, revisional taxon concept,
vouchers.

Introduction

The way in which taxonomic research output is cited by
the scientific community has been the subject of some
debate, especially given the increasing importance of cita-

tion metrics as measures of scientific impact. With these
metrics, taxonomic papers fare poorly (Krell, 2000, 2002)
despite that the vast majority of publications in biology
concern organisms that have been identified at some

point. This has led some authors to suggest that whenever
a Latin binomial is noted in a research article, the paper

in which the species was originally described should be
included in the literature cited (e.g. Van der Velde, 2001;
Seifert et al., 2008; Sundberg & Strand, 2009; W€agele
et al., 2011; but see Dubois, 2008). This suggestion has
motivated some journals to require that papers that men-
tion a Latin binomial cite the original description
(Bininda-Emonds, 2011). However, this is not always a

sensible approach, as pointed out in a recent opinion
piece by Meier (2017) who gave Meigen’s (1830) two-line
description of Drosophila melanogaster Meigen (Diptera:

Drosophilidae) as an example of why original citations
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are often misleading. Meier (2017) provided a rational
argument for best practices in citing taxonomic publica-
tions. This included advice against citing original species
descriptions when i) they are not adequate to permit iden-

tification, ii) more recent, rigorous identification tools are
available, or iii) the original species delimitation is now
known to be inaccurate (all three issues apply in the case

of D. melanogaster). Meier (2017) argued that the meth-
ods sections of papers should include statements about
identification techniques and taxon concepts (sensu Franz,

2005; but see below) and suggested that the actual identifi-
cations should be presented in the results section. For
papers with large numbers of species identified, he recom-

mended that a table should be provided that includes
identification methods and relevant literature, species
boundary (i.e. taxon concept) information, and voucher
depository. His paper is already stimulating the editorial

boards of several groups of journals to reconsider their
guidelines for authors so that taxonomic research can be
appropriately cited.

Defining the ‘taxon concept’ is central to ensuring
best practice in citation of the appropriate taxonomic
literature. Meier (2017) cited Franz (2005) for the term,

but we find Franz et al.’s (2008: p. 9) definition some-
what clearer, where they state that ‘a taxonomic concept
is the underlying meaning, or referential extension, of a
scientific name as stated by a particular author in a

particular publication’. It is essential to clarify that
taxon concepts are not the same as species concepts.
Each taxon has its own taxon concept and this is likely

to change over time as our understanding of that par-
ticular taxon changes. Species concepts are hypotheses
about what species are in general (e.g. according to the

biological species concept they are reproductively iso-
lated, or according to the phylogenetic species concept
they are diagnosably different with the differences being

heritable). Thus, one might apply a single species con-
cept to all insects, yet every named species and all of
the supraspecific lineages in the hierarchy would each
have their own taxon concept.

Franz and Peet (2009) provided a more detailed outline
of the meanings associated with different types of taxon
concept (their Table 1). Therein the ‘original concept’ is

listed, which refers to the original species description
alone, and is precisely the approach that Meier (2017)
criticized. The taxon concept from Franz and Peet (2009)

that seems closest to what is required for citing species
boundaries, in our opinion, is the ‘revisional concept’:
that which ‘appears in a comprehensive revision of an
existing taxonomic name and lineage, for example, a

monograph, a species webpage, or a field manual with
descriptions and illustrations’ (Franz & Peet, 2009: p.7).
We would exclude the latter from being considered revi-

sional because so few entomological field manuals provide
the taxonomic history or depth of detail required for pre-
cise species delimitation. Sigovini et al. (2016) also seem

to suggest that keys, and even catalogues, might serve as
taxon concepts. But for the same reason, we believe that

formal taxonomic revisions are the best source of taxon
concepts, though we note that recent species descriptions
may also suffice (i.e. at least as recent as 1985, following
the date of adoption of the third edition of the Interna-

tional Code of Zoological Nomenclature which recom-
mended that a full diagnosis be provided for each new
taxon; ICZN, 1985). Arguably, papers that do not cite

valid revisional taxon concepts are not replicable and
therefore less scientific because readers cannot know how
the authors actually applied the scientific name.

Clearly, citing the identification methods used in a
study and not just the original species description is
another way to ensure the replicability of research, and

also another way that taxonomic research could be fairly
acknowledged. This will most often be done through the
use and citation of identification keys (although as noted
above, these would not necessarily constitute an adequate

taxon concept in their own right). Bortolus (2008) found
that in 62.5% of the 80 articles he surveyed in ecological
journals, the authors said nothing about how the names

of their study organisms were obtained. The situation was
even worse in a survey of two biological control journals
surveyed over 4 years (Frewin, 2015) in which identifica-

tion methods were mentioned in only 21.1% of 601
papers. Seifert et al. (2008) noted the concern that citing
all means of identification would result in a massive
increase in the length of literature cited sections of

research articles. However, Vink et al. (2012) found that
for four evolutionary biology journals surveyed, citation
of identification methods would result in an increase in at

most one half of a printed page. In addition, if the num-
ber of species requiring such citation is enormous, the
table and associated references would likely be placed in

supplementary materials anyway. These authors note that
the failure to mention how research organisms were iden-
tified makes the resulting papers ‘unscientific’, in the sense

that they do not permit replication.
An additional way in which much research remains irre-

producible comes from the lack of vouchering of speci-
mens to permit the veracity of the identifications to be

checked by others (Huber, 1998; Schilthuizen et al., 2015).
Bortolus (2008) found that only 2.5% of the 80 papers he
assessed had actually stated whether vouchers had been

deposited. For biological control agents, only 9% of
papers mentioned vouchering of material (Frewin, 2015).
Turney et al. (2015) found that <25% of 281 papers deal-

ing with arthropods stated that vouchers had been depos-
ited, albeit with an increase over time (from 3.5% in 1994
to 35% in 2014).
Here, we provide baseline data for a wide range of vari-

ables related to the treatment of taxonomic information
by surveying all papers published in nine entomological
journals in 2016. These variables can be roughly grouped

as relating to the following four overarching questions:

A) Are basic taxonomic details provided (e.g. classifica-
tion, authority, what proportion of species level units
are provided with a Latin binomial)?
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B) Are taxonomic methods provided (e.g. how were the
names derived, what tools were used, who performed
the identifications)?

C) Are the taxonomic decisions verifiable (e.g. minimally
through vouchering, maximally through stating where
all the studied individuals are housed; stating the

taxon concept applied to each named species; or, for
cultured organisms, whether the sources are fully
listed)? For taxonomic papers, an analogue of this

would be whether the species concept was overtly sta-
ted.

D) How is the work of taxonomists recognised (e.g. cita-
tion of works in the references, are they overtly

named)?

Materials and methods

We looked at all papers published in 2016 in the following
entomological journals: Annals of the Entomological Soci-

ety of America (AESA), Canadian Entomologist (CE) and
all the journals of the Royal Entomological Society of
London: Agricultural & Forest Entomology (AFE), Ecolog-

ical Entomology (EE), Insect Conservation and Diversity
(ICAD), Insect Molecular Biology (IMB), Medical and
Veterinary Entomology (MVE), Physiological Entomology
(PE), and Systematic Entomology (SE). We removed from

consideration corrigenda, errata, editorials, tributes, or
front & back matter, as well as special issue 148 (S1) of
the Canadian Entomologist. For each remaining paper we

obtained data on the 24 variables listed in Table S1,
where we also state precisely how we evaluated them. Our
analyses relate only to species level taxa unless otherwise

stated.
As different journals were assessed by different co-

authors, we went through three rounds of cross-valida-

tion. First, five papers from each journal were re-read by
two authors and the data entries compared. This resulted
in a refining of the initial criteria evaluated and more
careful wording of the questions. Second, the senior

author read five papers from each journal assessed by
each of the other co-authors and any differences in inter-
pretation were discussed. This resulted in further refine-

ment of the questions asked and the decision to enter
detailed comments for ambiguous cases where it was dif-
ficult to decide upon a straightforward answer to the

question. Lastly, the penultimate version of the raw data
was carefully inspected and all coauthors discussed how
to deal with any ambiguities until consensus was
achieved.

In addition to looking through titles, abstracts and the
main text of the papers, we also checked the acknowledge-
ments (e.g. taxonomic experts were often only named

there) and the supplementary information (e.g. species
lists were often only provided there).
We did not assess the quality of taxonomic information

provided for non-arthropod organisms, such as plant
hosts of herbivorous arthropods or the mammalian hosts

of ectoparasites, as these groups are well beyond our own
taxonomic expertise. Lastly, we looked at the ‘guidelines
to authors’ sections on journal websites to assess what
information was requested from authors. This enabled us

to investigate the extent to which expressly stated expecta-
tions were met in practice.
Chi-Square Tests of Independence were carried out

using the chisq.test function in the R package ‘stats’ (R
Core Team, 2016) to look for differences between system-
atics or taxonomy papers and other kinds of entomologi-

cal research papers in how they followed a particular
practice (such as giving species authorities or listing vou-
chered material). Mann–Whitney U tests were carried out

using the formulae and statistical tables in Sokal and
Rohlf (1981) and Rohlf and Sokal (1981), respectively, to
see if papers published in journals that mandated a partic-
ular practice (see Table S2) (giving the species authority,

stating the Order and Family, and listing vouchered mate-
rial) followed that practice more often than papers in
journals that did not request that information.

Results

In total, we assessed taxonomic information from 567
papers with the largest number from AESA (94) and the
smallest (43) in PE. Thirty-eight papers did not involve

direct examination of insects (review articles, meta-ana-
lyses, opinion pieces, methods papers, letters to the editor)
and were therefore excluded from questions pertaining to

identification methods, specimen vouchering, and so on.

Basic taxonomic information

The number of focal taxa ranged from 1 to 1186,

although it was not possible to determine this variable for
20 papers, because, for example, the total numbers of taxa
were provided per habitat and the extent of overlap
among habitats was impossible to deduce from all avail-

able information presented. Summary data in terms of
average, SD, median and modal numbers of species trea-
ted in each journal, and overall, are provided in Table S3.

Over half (51%) of all papers dealt with a single species,
and this figure was larger (68%) in the overtly experimen-
tal journals (AFE, IMB, MVE, PE) than the rest (41%).

Species authority (although the ICZN mentions author-
ship, we use authority to avoid confusion with authorship
of papers we are discussing) was provided for at least one
focal taxon in 81% of all papers (ranging from 36% in

IMB to 100% in CE; Table 1), and for all focal taxa
in 74% of papers (ranging from 36% in IMB to 100% in
CE; in other words, all papers in IMB and CE either pro-

vided species authorities for all focal species or provided
no authorities at all). The species description date was
given in only 22% of the papers that had provided species

authority information for at least one species (ranging from
0% in PE to 48% in ICAD; Table 1). The instructions to
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authors in two of the target journals (AFE and IMB;
Table S2) said nothing about whether species authorities
should be provided, yet this information was given in
59% of cases (Table 1). Of the journals that required spe-

cies authorities to be provided (the remaining seven), 87%
of papers complied. The two groups did not differ signifi-
cantly (Mann–Whitney U test, U = 5, n1 = 2, n2 = 7,

P > 0.1, one-tailed). A total of 28 papers provided accu-
rate taxonomic citations for all focal taxa for which
authorities were given, while another eight papers did so

for some. Thus, of the 525 papers with named species,
only 5% cited species descriptions appropriately, ranging
from 0% in ICAD and PE to 21% in AESA. Systematic

or taxonomic papers included authorities for focal species
91% of the time whereas the proportion of other kinds of
research papers that did the same was significantly lower,
at 80% (analysed as raw counts) v²1 (n = 499) = 4.6,

P = 0.031.
Seventy-four percent of all papers provided Order and

Family for all focal taxa (Table 1), an additional 2% did

so for some, 2% gave Order only and 3% gave Family
only. As above, AFE and IMB do not explicitly state that
Order and Family should be provided yet, in combina-

tion, 45% of their papers provided this information for
all focal taxa. For the journals for which stating Order
and Family was required, the compliance rate was 81%.
The difference was not significant (Mann–Whitney U test,

U = 3, n1 = 2, n2 = 7, P > 0.1, one tailed). A citation to
the classificatory scheme the authors applied to their focal
taxa was provided in 19% of all papers that mentioned

species level taxa, varying from 0% (PE) to 96% (SE).
Of the 404 papers in which non-focal arthropod taxa

were named, only 47% provided author, or author and

date, information in a consistent manner as for focal taxa.
This ranged from 7% (IMB) to 95% (CE). In at least
three instances, authorities for species names were pro-

vided for non-focal taxa but not for focal taxa.

Identification method

With new species description papers removed from the
sample, only 29% of articles (Table 2) provided some

information on the methods used for identification of the
focal organisms, with a range of from 0% (PE) to 57%
(ICAD). Lower values (20%, range 0–43%) were gener-

ally found in journals in which studies using model or
cultured organisms predominated (AFE, IMB, MVE, PE)
compared to the others (35%, range 22–57%). Of the 148
papers that cited an identification method, 86.5% used

morphology, 6.1% used only molecular methods, 2.0%
overtly used integrative approaches, and 5.4% did not
involve study of the actual insects themselves, but were

based upon other features (galls, leaf mines, or damage
to plant hosts). Only eleven papers (7%) that did
not involve the description of new species mentioned

that types were consulted as part of the identification
procedure.

Keys and/or other taxonomic literature were mentioned
as being used to identify taxa in 57% of cases in which
morphology-based identifications were performed. How-
ever, we found examples in which the keys were not all

listed or cited, or were for different geographic regions
than the provenance of the identified material and there-
fore inapplicable to at least some of the focal taxa.

Two papers presented results based upon identification
of individuals entirely performed in the field without the
possibility of verification and another five retained only

the more difficult species for confirmation in the labora-
tory (in total 5%).
Of the 525 papers that had named species, 108 (20%)

were partly or entirely based upon cultured organisms
obtained from pre-existing stocks (Table 2; in an addi-
tional 32 cases, 6% of the total, it was not possible to
determine whether the cultures were pre-existing or newly

developed). Of these 108, 19% did not state the source of
origin of the stocks used and 64% did not say anything
about whether the stocks were being maintained (and

were therefore potentially verifiable in the future). Only
six papers based upon stock cultures stated that material
was vouchered, and of these only three also stated that

the stocks were being maintained. AESA is the only jour-
nal with instructions to authors which state how to cite
cultures: ‘when possible, please provide as much genetic
and/or colony information available is [sic] useful (for

example, “Rockefeller colony of Aedes aegypti (L.)”).
Including geographic origin and generations in culture is
also useful, but may not always be known and is not

required’. Yet detailed culture origin data were provided
in this journal no more often than it was in others.
Thirty-nine papers (8%) that were not taxonomic in

nature provided some information on the taxon concept
that was applied to the identified material (Table 2). In
the 48 overtly taxonomic papers, not a single one cited

the species concept applied to their decisions, although
two did discuss the issue to some extent (Table 2).

Vouchers

Overall, only 24% of the papers clearly stated that any

studied specimens had been vouchered, ranging from 0%
(PE) to 89% (SE) (Table 3). Only three journals provide
some guidance as to whether vouchering should be per-

formed (Table S2): it is required for AESA and CE, while
SE states that it should be done when ‘[N]ew distribu-
tional and other noteworthy records’ are presented. When
vouchering is seemingly required by a journal’s instruc-

tions to authors, only 50% of the papers comply with the
recommendation; when nothing is stated about vouchers,
only 7% of papers clearly stated that material was

vouchered. These two groups differed significantly
(Mann–Whitney U test, U = 18, n1 = 3, n2 = 6, P < 0.025
one-tailed). Almost half (48%) of all studies that vou-

chered any material made all specimens potentially avail-
able for additional study. However, only 87% of the
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papers that stated material had been vouchered clearly
indicated where the specimens were housed (in some cases
accession numbers were not associated with a named
depository) and in only approximately one-third (36%) of

cases was vouchered material likely to be easily discovered
within the depository (through accession numbers or, for
taxonomic papers, type labels). Differences were also

apparent in comparing papers that were taxonomic in nat-
ure (in which 83% listed vouchered material) compared to
those that were not (12%). This difference was significant

v²1 (n = 529) = 206.1, P < 0.001.
An average of 63% of papers using DNA data for iden-

tification clearly stated which markers were used and that

the sequences were vouchered (Table 3).

Acknowledgement of taxonomists

We often found it impossible to decide whether the authors
of a paper were those who performed the identifications

(‘were identified’ being the only information provided –
ICAD is the only journal with instructions to authors that
states that the passive voice should be used). Third party
‘experts’ or ‘specialists’ were overtly stated as having

assisted with identifications in 39 (30%) of papers with
morphology-based identifications (Table 3). However, the
identifying personnel were not overtly named in five

instances. Of the 39 studies, 16 (41%) did not provide
institutional affiliations or addresses for the associated
expert(s). In only two instances (5%) were the methods

used by third party experts stated.

Discussion

Repeatability is at the core of the scientific method. For
biological research, repeatability requires that the methods

used to identify the study organisms be overtly stated and
that the material (or at least examples of it) be available
for future verification (Bortolus, 2008; Vink et al., 2012).

Table 3. Vouchers and acknowledgement of identifying experts. Numbers of papers for each response are given; in brackets are relative

frequencies for each response, expressed as a proportion of all cases/papers to which the variable was applicable. Only papers involving

direct study of material were assessed (n = 529).

Journal

Are specimens accessible/vouchered?

If so, all or not all specimens? If vouchered, repository(ies) named?

If vouchered, can specimens

be easily located?

Y, all Y, not all Y, indet.* N Y N In part

Not

directly† N/A Y N

Not for

all‡ N/A

AESA 21 (0.23) 16 (0.18) 3 (0.03) 50 (0.56) 38 (0.95) 2 (0.05) 0 0 50 16 (0.40) 21 (0.53) 3 (0.08) 50

AFE 0 5 (0.11) 0 42 (0.89) 4 (0.80) 0 1 (0.20) 0 42 0 5 (1.00) 0 42

CE 8 (0.12) 9 (0.13) 2 (0.03) 48 (0.72) 18 (0.95) 0 0 1 (0.05) 48 7 (0.37) 12 (0.63) 0 48

EE 2 (0.03) 0 2 (0.03) 63 (0.94) 3 (0.75) 1 (0.25) 0 0 63 0 4 (1.00) 0 63

ICAD 3 (0.06) 7 (0.14) 0 39 (0.80) 10 (1.00) 0 0 0 39 0 10 (1.00) 0 39

IMB 0 1 (0.01) 0 67 (0.99) 1 (1.00) 0 0 0 67 0 1 (1.00) 0 67

MVE 3 (0.05) 0 1 (0.02) 51 (0.93) 4 (1.00) 0 0 0 51 1 (0.25) 3 (0.75) 0 51

PE 0 0 0 39 (1.00) 0 0 0 0 39 0 0 0 39

SE 23 (0.49) 9 (0.19) 10 (0.21) 5 (0.11) 31 (0.74) 5 (0.12) 6 (0.14) 0 5 21 (0.50) 19 (0.45) 2 (0.05) 5

Overall 60 (0.11) 47 (0.09) 18 (0.03) 404 (0.76) 109 (0.87) 8 (0.06) 7 (0.06) 1 (0.01) 404 45 (0.36) 75 (0.60) 5 (0.04) 404

If DNA used for ID, is it vouchered? If expert-identified, experts named? If expert-identified, institution given?

Y N/not stated N/A§ Y N N/A¶ Y N N/A¶

AESA 5 (1.00) 0 85 10 (1.00) 0 80 7 (0.70) 3 (0.30) 80

AFE 4 (0.80) 1 (0.20) 62 8 (1.00) 0 39 6 (0.75) 2 (0.25) 39

CE 1 (0.33) 2 (0.67) 64 4 (1.00) 0 63 4 (1.00) 0 63

EE 2 (0.40) 3 (0.60) 63 1 (0.50) 1 (0.50) 65 0 2 (1.00) 65

ICAD 3 (0.60) 2 (0.40) 50 7 (0.70) 3 (0.30) 39 2 (0.20) 8 (0.80) 39

IMB 1 (0.50) 1 (0.50) 45 0 0 68 0 0 68

MVE 2 (1.00) 0 47 2 (0.67) 1 (0.33) 52 2 (0.67) 1 (0.33) 52

PE 1 (0.33) 2 (0.67) 44 0 0 39 0 0 39

SE 0 0 39 2 (1.00) 0 45 2 (1.00) 0 45

Overall 19 (0.63) 11 (0.37) 499 34 (0.87) 5 (0.13) 490 23 (0.59) 16 (0.41) 490

*For these papers it is impossible to determine whether or not all specimens are vouchered.
†Repositories are listed in an online database to which the paper refers.
‡These papers list only some specimens with sufficient detail to facilitate their discovery.
§These papers do not use DNA for identification or treat only new species.
–These papers do not rely on assistance from experts or treat only new species.
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Most entomological research published in our focal jour-
nals in 2016 failed on one or both criteria and, therefore,
does not pass the test of replicable science. Only 28.7% of
papers overtly stated the identification methods used and

only 23.6% vouchered identified specimens. The combina-
tion of both verifiable identification methods and voucher
specimen deposition was detailed in only 10.7% of all

applicable papers, while the trifecta of identification meth-
ods, vouchers, and cited taxon concepts (i.e. all three of
Meier, 2017 recommendations) was given in a paltry eight

papers: just 1.8% (Fig. 1) of the total (excluding those
that described new species). Even if we add to this num-
ber those papers in which species identifications might be

expected to be uncontroversial (i.e. maintained cultures)
our data suggest that only 10.1% of entomological
research papers followed the standard expectation of
replicable science by stating the identification method and

ensuring the availability of studied material.
Perhaps some might suggest that we are exaggerating

the need for the incorporation of taxonomic information

to all of entomology: surely organisms in culture, or other
easily identified species, do not require taxonomic verifica-
tion? This might be expected to be the case especially with

model organisms. However, there are numerous counter-
arguments. First, some model organisms occur as species
complexes for which molecular data are required to con-
firm identification. Anopheles gambiae Giles (Diptera:

Culicidae) is a prime example, with no fewer than eight
morphologically indistinguishable but genetically differen-
tiated species (Coetzee et al., 2013). Even species one

might expect to approach the status of model organism
have sometimes gone misidentified for generations (of sci-
entists). For example, the medicinal leech currently used

in medical practice is not the medicinal leech – Hirudo
medicinalis L. (Annelida: Hirudinida: Hirudinidae) (Sid-
dall et al., 2007). Second, the sources of some cultures of
readily identified organisms may be suspect. For example,

Tenebrio molitor L. (Coleoptera: Tenebrionidae) is com-
monly obtained locally for experimental purposes (pet
stores keep them as reptile food). The Tenebrio identifica-

tion key (http://entnemdept.ifas.ufl.edu/teneb/Tenebrioni
nae_subfamily.pdf) lists cuticle dullness and darkness as
the characters to separate T. molitor from its darker con-

gener T. obscurus F., yet the figures provided to separate
them (figs. 26 and 27 loc. cit.) show T. obscurus to be no
darker than T. molitor that are raised under crowded con-

ditions (Silva et al., 2016; Fig. 1). Pet food taxonomy is
unlikely to be reliable in providing the necessary taxo-
nomic accuracy. An even more telling example is that of
(Frewin, 2015) who found, using DNA barcode data, that

three of 24 (12.5%) biological control agents purchased
from commercial suppliers in Canada seemingly contained
multiple taxa. In one instance distinct barcode clusters

were found for samples from different suppliers, in the
other two examples multiple putative species were pro-
vided by the same suppliers (Wolbachia was ruled out as a

cause of the deep divergences). Third, the taxa that are
considered ‘readily identifiable’ and for which identifica-
tions are generally ‘uncontroversial’ will depend on the
level of expertise possessed by the identifier. Unless this

information is provided, the reader might consider the
identifications dubious. In addition, most complex taxa
have species that are known to be easy to identify in com-

parison to most relatives, but Packer and Taylor (1997)
demonstrated that this sometimes results from the ‘easily
identified’ species not having received the careful attention

that has been applied to their more ‘difficult’ relatives.
Perhaps the most readily identified organisms are those
that are pets. Yet Ruedas et al. (2000) decried the lack of

vouchering of samples for well-known mammals, even the
domestic dog.
Even information that is considered basic (and usually

required according to journal guidelines to authors), such

as Order and Family of the studied organism(s) or species
authority when Latin binomials are used, were often lack-
ing or treated inconsistently within single journal issues

and even within single papers.
When identifications were performed by third party

experts, these individuals were not always named, and

even when they were their institutional affiliation was
often not provided. The methods used by third party tax-
onomists were almost never mentioned. This is equivalent
to stating that ‘statistical analyses were performed by a

statistician (P < 0.05)’ with no mention of who the statis-
tician was, what test they performed or what computer
program they used to come up with the result. Obviously,

it would be impossible to publish a paper if the statistical
analyses were not explained in detail. The overwhelming
impression we get from assessing entomological research

published in 2016 is that taxonomic methodology is pre-
sented in a sloppy fashion such as would not be tolerated

Fig. 1. Venn diagram showing the proportion of entomological

research articles published in nine journals in 2016 that provided

information on one or more of the three practices (how was

material identied, were specimens vouchered, were taxon concepts

provided for focal species) that relate to replicability of taxonomic

information. [Colour figure can be viewed at wileyonlinelibrary.

com].
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for any other part of the methods section in a scientific
paper.
We assessed papers at face value and did not check

whether the details provided (such as dates of original

species descriptions) were accurate. However, we detected
some clear mistakes, such as one paper which suggested
two different authorities for the same species, and the sin-

gle issue of a journal which had adjacent papers based
upon both D. melanogaster Meigen and D. melanogaster
L. [sic]. We also did not verify whether vouchered mate-

rial had actually been deposited, although we know of at
least one example (not in our focal journals or focal year)
in which vouchers with accession numbers were not depos-

ited, and those identifications proved fictitious (it
included, for example, large numbers of individuals identi-
fied in the field which require molecular data for separa-
tion).

Meier (2017) suggested that data on species should be
presented with information on: i) identification methods
and literature; ii) species boundaries or taxon concepts

and iii) the voucher depository. We would go a little fur-
ther than this and make the following recommendations.

i) Authors should overtly state what identification meth-
ods were used, who performed them and cite the liter-
ature upon which they were based. Furthermore, the

original sources of taxonomic information should
always be cited: ‘identifications provided as described
in (our previous paper)’ should not be an option (we

did find examples when such citations proved not to
cite identification methods either). This information
should be provided even if the organism has been

maintained in laboratory culture for generations.
When was the last time independent taxonomic evalu-
ation of the culture was made, and by which methods?
If expert identifications were performed, even if the

name and address of the relevant experts are given,
the materials (keys, type specimen comparisons) the
expert used to identify the specimens should still be

mentioned. This is likely the best way to ensure repli-
cability if the expert becomes inactive.
Similarly, the dates (years will likely suffice) over

which the identifications were performed should be
stated (as few as two focal papers provided this
overtly). This is in part because even the global expert

(s) on a taxonomic group will have temporal variation
in their accuracy of identification for some taxa and
their understanding of many will change over time,
and also because the accepted taxonomy of that group

changes over time. As an example, one genus included
in Onuferko et al. (2018) was treated differently by
the relevant expert early during this long-term study

than toward the end.
ii) Authors should explicitly provide a valid taxon con-

cept for each species-level taxon identified. The ‘revi-

sional concept’ of Franz and Peet (2009) as modified
above (i.e. based upon the most recent revisions or
thorough descriptions with diagnoses) is arguably

most appropriate as it incorporates the current and
likely the most accurate limits of a particular species-
level taxon (see also Meier, 2017). Taxon concepts
should provide the Latin binomial, species authority

and be followed by ‘sec’ (meaning secundum – accord-
ing to) followed by the source of that particular con-
cept (Franz & Peet, 2009; Sigovini et al., 2016). For

example, Chilicola neffi Toro & Moldenke, sec. Mon-
ckton (2016) (Hymenoptera: Colletidae). In this
instance the original description and identification key

was found to encompass an additional species that
was subsequently described by Monckton (2016) who
thereby provided an updated taxon concept for C.

neffi. Also, it would be useful if the authors state how
confident they are in the identifications provided in
their paper (a vanishingly small number of papers sta-
ted anything on this). Have any of the identifiers of

the material treated in the paper examined type mate-
rial of the species concerned (we found only two
examples of a non-taxonomic paper in which type

material was mentioned), did they have access to spec-
imens that had been compared to the type(s), did they
consult the entire species description and associated

figures, did they have both sexes available? Sigovini
et al. (2016) provide guidelines on how to cite differ-
ent levels of taxonomic uncertainty.

iii) While vouchering of specimens has long been recom-

mended as standard practice (e.g. Huber, 1998), when-
ever possible, all specimens included in larger scale
survey research should be housed in a named reposi-

tory. The obvious reason for this is that misidentifica-
tions are likely to occur not only with the vouchered
exemplar chosen to represent the identity of that

named species, but also in the non-vouchered material:
species X may turn out to be a mixture of species X,
Y, and Z. When taxon concepts change as a result of

more recently uncovered taxonomic complexity, rein-
terpretations of earlier data will be required and this
will not be possible without all material being avail-
able for future research.

We have heard it said that institutional repositories
would not have the facilities to maintain the specimens
that would result if this recommendation were imple-

mented. But this seems to us as a circular argument –
the more these facilities are used the greater their per-
ceived value which should result in increased alloca-

tion of resources. Furthermore, arguments for
maintaining, or increasing the resources available to
such specimen housing institutions would be strength-
ened by statements such as ‘without properly main-

tained specimen collections, 98% of research papers in
entomology become unreplicable and therefore unsci-
entific’. Scientists are increasingly encouraged to make

their data available to posterity through archiving
(e.g. Whitlock et al., 2010). All this effort will count
for little if there is no way of validating the names of

the taxa whose data are stored. The fact that it is not
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possible to validate the results of more than 90% of
biological control studies because specimens were not
vouchered (Frewin, 2015) is alarming given the con-
trasting results often found with ‘the same’ biological

control agent and the societal and environmental
impacts associated with use of the alternatives.

iv) Some literature searches are done by named taxo-

nomic group. Academic search engines generally target
titles and abstracts, and some tools like Google Scho-
lar find keywords mentioned throughout the body of

the document as well, but with a higher weighting on
words used in the title (Beel et al., 2010). Order and
Family names should therefore be stated at least in

the title and abstract. Alas, one of the journals we
evaluated (MVE) has guidelines that preclude their
mention in titles, in which case, stating them in the
abstract should be considered mandatory.

Those researchers using laboratory colonies, stocks or

other long-term cultures, model organisms or other seem-
ingly ‘easily identified’ taxa may baulk at the idea of having
to add taxonomic information to their manuscripts. How-

ever, as noted above, there are examples of inaccurate tax-
onomy even with these. We would also note that research
published in journals using cultured arthropods is often

obviously ‘applied’ in nature and therefore errors are more
likely to be problematic for society at large in the short
term, suggesting that increased attention to taxonomic
identifications are indeed required even in these instances.

Interestingly, two of the more experimental journals (IMB
and MVE) state in their instructions to authors that the
methods should be presented in sufficient detail to permit

the experiment to be replicated. We suggest that this is not
possible unless identification methods and taxon concepts
are overtly included and material is vouchered in a named

and accessible repository.
Some may argue that as many arthropods are well

known enough to have common names, their taxonomic
details do not require citing. Indeed, one of our target jour-

nals (MVE) states that insect common names should be
listed in the title but that Order and Family should not (ital-
ics ours). This is problematic for two reasons. First differ-

ent jurisdictions use different common names for the same
species (e.g. Noctua pronuba L. (Lepidoptera: Noctuidae) is
listed as the large yellow underwing in the list used by CE,

but the winter cutworm in the one used for AESA). Second,
terms such as ‘worms’ occur in many insect Orders (not to
mention various animal Phyla) and it is not always easy for

even seasoned entomologists to know to which Order a par-
ticular entomological ‘worm’ belongs.
Our recommendations will undoubtedly cause concern

among those using ‘easily identified’ study organisms, but

there are two ways to simplify things. First, the identity of
‘easily identified’ species could be verified through sending
vouchers to an acknowledged taxonomic expert on the

group or through DNA barcoding (Ratnasingham &
Hebert, 2013; Frewin, 2015). Routine independent verifica-
tion of the identifications of plant pests (European and

Mediterranean Plant Protection Organization, 2016) and
cell line cultures (American National Standards Institute,
2015) are now expected. In one case a cell line culture was
found to be incorrectly identified at the level of Kingdom

(Lee et al., 2011). There should be nothing preventing ento-
mologists using stock cultures from verifying their identifi-
cations as part of standard quality control procedures.

Second, collaborations between taxonomists and those
using ‘easily identified’ organisms could result in online
databases where meaningful revisional taxon concepts can

be maintained, updated whenever necessary and cited.
Authors can then reasonably easily verify whether they have
used the current concept. This would have the added benefit

of increasing the citation metrics for taxonomic research. It
has been suggested that taxonomic authority files (TAFs,
Vanden-Berghe et al., 2015; Tessarolo et al., 2017) should
be checked to ensure that the most recent name and classifi-

cation is used (we found examples of the same species being
stated to belong to different genera in different papers
because updated classifications had not been checked). An

online extension of something like this, that is updated every
time a revisional taxon concept is changed, would be most
usefully constructed for the most commonly studied insects.

The recommendations above are guidelines to what may
be considered best practices for the treatment of taxonomic
information (65% of papers followed ‘worst practices’ by
adhering to none of them). These are largely no more than

elaborations of ideas that have been around for a long time.
It is somewhat sobering to discover how rarely published
papers adhere to any of them (let alone all of them),

whether doing so is stated in journal guidelines or not. It
has been suggested that ensuring these changes take place is
the responsibility of journal editors and reviewers (e.g. Vink

et al., 2012). However, this places the onus on individuals
who are already volunteering a lot of their time to the
research community they serve and making their job more

difficult is likely to be counterproductive. Most journals
now use formal templates for assessing research papers.
These commonly include questions such as ‘have the statis-
tical analyses been performed correctly, are ethical guideli-

nes followed etc.?’. We suggest that the easiest way to
ensure that taxonomic research is cited appropriately and
for studies using named species to be made replicable (and

therefore more truly scientific) is through changes to the
templates used by editors and reviewers. Thus, our main
recommendations are that these templates include the fol-

lowing questions.

1 Are Order and Family named in the title, abstract or

keywords?
2 Are the methods used for identification of all studied

taxa stated clearly?

3 Is it clear who did the identifications, are they named
and is their contact information and/or institutional
affiliation provided?

4 Is the literature whereupon these identifications are
based cited appropriately? This would include some
reference to as thorough a revisional taxon concept
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statement as possible, preferably from recent revisions
if available.

5 Are exemplars of all focal species (or all sampled indi-
viduals) vouchered in a named repository (ideally with

contact person name and accession numbers or other
means of ready detection)?

If any of these questions elicit a ‘no’ or an ‘unclear’
response, then at least minor revisions should be required.

These suggestions are more than just taxonomic niceties:
they are essential to permit validation and replication in
all areas of biology.
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