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Abstract

Identification keys are important aspects of taxonomic research, but their quality varies
substantially. I surveyed all the keys associated with the description of new non-insect
animal genera that were available to me (through online and library resources or emailed
pdfs received upon request from authors) published in 2021 and 2022. I found 50 keys in
45 papers that permitted the identification of 441 genera, of which 82 were newly described.
I assessed the same variables as treated in an earlier paper that dealt only with insects over
the same time period. Of the 17 variables evaluated as to whether the key was as useful as
possible or whether it was suboptimal, an average of 5.6 were found wanting, very similar
to the average for insects (5.7). Important differences between insect and non-insect datasets
are: (i) the relatively lower frequency of identification keys associated with the description
of new genera in non-insects, (ii) the relatively higher level in the taxonomic hierarchy to
which the keys applied in non-insects and (iii) the higher proportion of keys that were to the
global fauna in non-insect papers. The frequencies of occurrence of suboptimality among
the 17 variables were also similar between the two datasets. Evaluation of non-insect
papers suggested several additional recommendations for authors to bear in mind when
constructing a key above those resulting from a similar survey of insects.

Keywords: animal phyla; arthropod classes; best practices; taxonomy; identification

1. Introduction
Keys are important aspects of the description of new taxa [1–4] and there are repeated

recommendations for making them more readily available, the most recent of which
is Gonzalez et al. [5]. Recently, I assessed a range of parameters associated with the
description of new insect genera [3] and found that less than 40% of the new genera
were made identifiable by a key and that keys averaged suboptimal for approximately
one third of 17 binary assessment variables that related to how easy the keys would be
for a novice to use. Given that taxonomic practices and standards vary among taxa [6,7],
similar assessment of the prevalence of and nature of ways in which identification keys
for non-insects might be unnecessarily difficult to use seemed potentially useful. In this
paper I provide the results of the assessment of 308 papers describing 424 new non-insect
animal genera published in 2021 and 2022 which in combination with the earlier insect
data provides a simultaneous snapshot of the nature of those keys written in English for all
animal genera.

2. Materials and Methods
Scopus searches that combined the terms associated with the names of animal phyla

(or for Arthopoda and Chordata, classes) with “gen* n*” or “n* gen*” were conducted
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from January 2025 to January 2026. As data for Insecta have already been treated [3] but
did not include non-insect Hexapoda (here taken to be Collembola, Diplura and Protura)
separate searches were conducted for those three orders. Searches were limited to papers
published in 2021 and 2022 for consistency with similar data obtained for insects [3] to make
comparisons somewhat more controlled and combinations more appropriate. Only extant
taxa were surveyed given the differences in approaches required for assessment of fossils,
and replacement names (e.g., Huntinema, Nematoda: Hystrignathidae [8]) were also not
included as the original descriptions were published elsewhere at a different time period.
All papers freely available to me online through google scholar and the library resources at
York University (a system referred to as Omni) were downloaded for study. More details
are provided elsewhere [3]. Emails requesting pdfs were sent to the corresponding author
of all remaining papers when email addresses could be readily discovered. Not all requests
were successful. It is possible that the search terms employed would have precluded
discovery of new genus descriptions and associated keys published in languages other
than English. Thus, while not exhaustive, the sample is likely representative of the state
of keys for newly described non-insect animal genera, at least those presented in English,
over the two years sampled and the data comparable to those presented previously for just
insects [3].

For each paper I assessed whether one or more keys to adults were provided. If
a paper included more than one key (such as separate ones for males and females, or
different geographic areas, e.g., Haitlinger [9]) each was treated as a separate entry for as-
sessment of keys, although the proportion of papers that were accessible was analysed on a
per-paper basis.

Following earlier work [10,11], I call the group to which the key directly applies the
reference group. Thus, a key to South American genera within a superfamily would have
the superfamily from that continent as the reference group. This term was previously used
in relation to diagnoses [10] but applies equally to keys. The recognition group is the most
expansive grouping to which the reference group belongs for which information on how to
identify it is not given in the paper, i.e., that taxon which a user has to be able to identify to
decide whether the information presented might be useful for a task at hand. For example,
if the reference group is freshwater isopods from Australia but no information is given on
how to identify Isopoda from other Crustacea, the reference group is Australian Isopoda
and the recognition group Isopoda as a whole. If the key is titled: “key to the world genera
of Areneidae” and how to identify araneids from other spiders is provided in the paper, the
recognition group is all spiders. The higher the taxonomic level of the recognition group,
the more useful the paper might be. At least it would make is easier for potential users to
tell whether they should read further.

The information outlined below was extracted from each paper with a key. The
first set, in Arabic numerals, deals with basic background information. Those in the
second set, using Roman numerals, were chosen largely based on ([3], see also Walter and
Winterton [4]).

In addition to the standard journal citation data:

(1) Classification of the taxa treated in the key (phylum, class, family).
(2) The title of the key.
(3) Taxonomic level for which the key applied, i.e., the reference group.
(4) Whether the key related to a morphological or geographical subset of the taxon. For the

latter the categories were global, continental, national or subnational; when several
adjacent small nations were treated, they were included in the national category,
and coastal geographies were treated depending upon their extent—e.g., Pacific
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and Atlantic for North America or just Mexico, were considered continental and
national respectively.

(5) Whether the group keyed was overtly named.
(6) The number of new genera described in the paper and treated in the key.
(7) The total number of genera included in the key.
(8) Whether each new genus was known from one or both sexes.
(9) The number of couplets in the key. Assuming each genus is keyed out just once, the

number of couplets should be the number of genera minus one; exceptions to this and
the reasons for the difference were noted (see item vii below). When other levels in
the taxonomic hierarchy were included in the key, (e.g., key to tribes of a subfamily
plus to genera of one tribe) only those couplets ultimately leading to a generic level
identification were counted.

Keys were evaluated based upon the following criteria using the same numbering as
in Packer [3].

(i) The availability of the key—was it freely available or through library or online re-
sources, was it obtained from the emailed request to authors or perhaps not available
at all? Those in the latter category could not be assessed for any other variables and
were not included in the remaining data.

(ii) Whether the presence of a key would be detectable from standard searches (i.e., was
the word “key” found in the title, abstract or keywords).

(iii) Whether authors explained how to identify the taxonomic group treated in the key
(also where that information was provided and how many features needed to be
studied to make the decision). The taxonomic level from which the taxon is discrim-
inated is the recognition group, i.e., that which a potential user has to be able to
recognise before deciding to use the key. Taxa identified at the family level or above
were considered not applicable for being scored as suboptimal as it was assumed
that those interested in the taxa might be able to make family-level identifications
relatively easily.

(iv) Was the key, or parts of it, restricted to one sex when the other sex was also known?
This required looking for sex-specific couplets. Some keys were overtly stated to be
for one sex and were coded as not applicable for this variable.

(v) Were there errors in key formatting, such as unattainable couplets due to numb-
ering errors?

(vi) Were there leapfrog couplets—i.e., those in which the first lead (i.e., the first half
of a couplet) led to a subsequent couplet that was further down the key than that
resulting from the second lead? This was considered to be potentially confusing
because having the two leads take the user to other couplets in sequence is the most
common practice. Keys of less than three couplets were considered not applicable for
this variable because leapfrogging is not possible.

(vii) Was the key of the standard dichotomous structure and if not, in what way did
it differ?

(viii) Did the key facilitate retracing (indicated by including the couplet number from which
the current one was attained)? Retracing was considered unnecessary in keys of less
than three couplets.

(ix) Was the mean number of steps taken to get to the genera in the key as small as possible
(i.e., was the as key fan-shaped as possible—see below)? This is a measure of average
effort required of a user to perform an identification.

(x) Were there any monothetic couplets (i.e., those that included only a single feature),
and if so, what proportion did they make up?
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(xi) Were any of the features in one lead of a couplet not contrasted in the other lead?
Were any couplets made up entirely of features that were not contrasted?

(xii) Were any couplets indecisive for one or both sexes, through inclusion of only qualified
statements (e.g., “usually”), ambiguous (e.g., long versus short with neither measure-
ments nor figures cited to demonstrate the difference) or through having overlapping
feature states (e.g., number of setae on a particular structure 10–20, versus 18–24)?

(xiii) Did all leads cite at least one figure to illustrate them?
(xiv) Were the figures conveniently placed close to the key—on the same or adjacent page or

as close to the key as possible given the number of figures, versus scattered throughout
the text or all being placed several pages away or all at the end? Keys lacking figure
citations were treated as not applicable for this variable.

(xv) Were all genera in the key diagnosed, not just the new ones (all of which were
diagnosed, although this was not the case for all insect new genera [3])?

(xvi) Were habitus images of the new genus provided, or at least all parts of it relevant to
its identification (for example, not all body segments of a millipede might be required
to give a reader an idea of its overall appearance, an issue that generally does not
arise with insects)?

(xvii)Lastly, was the key an emendation of an earlier one without the full key being pre-
sented? This was not found in any of the papers assessed here: complete keys were
provided ubiquitously (this issue arose only among the insect keys treated earlier).

The meaning and method of acquisition for all above variables should be self-evident
except for the treatment of number of couplets required to get to an identification. As has
been noted elsewhere [3,4,12] keys that are more fan-shaped require study of fewer couplets,
on average, to effect an identification than do those that are comb-shaped. Furthermore, the
difference increases very steeply as the number of taxa in the key increases. For example,
a key for 128 taxa will require, on average (assuming all terminals are included once),
almost ten times as many couplets to be evaluated (64.5) if it is comb-shaped than if it were
perfectly fan shaped (7), see also Figure 1.

Figure 1. Plot showing the average number of steps to get to each of the terminals in a key once for
the 50 keys assessed in comparison to the smallest possible number (i.e., if the key were as fan-shaped
as possible) and to the largest (if the key were comb-shaped).
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For a perfectly comb-shaped key, the average number of steps to obtain an identifica-
tion is given by the equation:

Smax = ((n + 1)/2) − 1/n

where n is the number of taxa in the key.
The equation to estimate the average number of steps in a perfectly fan-shaped key is

much more complicated:

Smin = (Q × (2Q − x) + (Q + 1) × 2x)/n

where n is the number of taxa, Q = Ꙇlog2(n)ꓙ and x = n − 2Q. Note that surrounding an
expression by “Ꙇ” and “ꓙ” indicates that the numerical value must be rounded down to
the next lowest integer. 

In comparing the number of steps required to the minimum and maximum possible,
keys of only three taxa were considered inapplicable as in them Smin = Smax = 1.67 (there
were no keys to only two taxa but obviously Smin is the same as Smax in that instance also).

Because the sample size for number of keys was small for higher-level groupings
(with a maximum of 13, for Acari), statistical analyses contrasting different subgroups
are unwarranted.

From the above, a composite index of key quality was calculated with variables i–xvii
coded as binary with suboptimality scored as 1 for each of them and then summed across
all variables. As some of the criteria are inapplicable for particular keys (see above), a
more reasonable index is the percentage of applicable variables that were suboptimal,
i.e., ignoring entries in the table where a key was scored as inapplicable. This was
also calculated.

The data from insects from Packer [3] are compared to that presented here for
each of the 17 criteria and also in summaries of the total number of components that
were suboptimal.

Statistical tests were undertaken using the online Social Science Statistics website:
www.socscistatistics.com.

It should be reiterated that the following assessments concern only keys to genera.
Papers in which new genera were described that included a key that dealt with species
identifications are not included in the sample unless they also keyed different genera
(e.g., Borges et al. [13]). In the latter case, the data collected related only to those parts of the
key that permitted genus-level identification. Similarly, keys (such as in Prendini et al. [14])
that permitted the identification of higher-level taxonomic groups were evaluated only for
those couplets that ultimately led to genus-level identifications.

3. Results
3.1. Background Data

A total of 325 papers described a total of 446 new genera although 17 papers for 22 new
genera were not available (see methods) and not treated further. Table 1 shows the number
of papers and new genera described for each animal phylum, with those with the largest
sample sizes, Arthropoda and Chordata, also divided into classes. Table 1 also shows the
number and percentage of papers that included keys and the number and percentage of
new genera described in papers with keys to permit identification. It should be noted
that, as with the insect survey [3], none of the keys found in the literature search were
matrix-based keys.
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Table 1. Taxonomic breakdown of the number of papers describing new genera, number of new
genera described and the inclusion of keys to permit the identification of the genera.

Phylum Class # Papers (Not
Available)

# Genera (When
Keys Unavailable)

# Papers with
Keys (%)

# New Genera
Keyed (%)

Acanthocephala 1 (1) 1 (1) 1 1
Annelida 7 8 2 3

Arthropoda 187 (8) 253 (8) 36 (19.3) 65 (25.7)
Acari 36 (2) 49 (2) 9 (25) 20 (40.8)

Arachnida 76 (1) 99 (1) 6 (7.9) 11 (11.1)
Crustacea 53 (4) 74 (4) 11 (20.8) 20 (27)

Hexapoda * 5 6 2 2
Myriapoda 17 (1) 26 (1) 8 (47.1) 12 (46.2)

Bryozoa 3 15 0 0
Chordata 38 (2) 56 (5) 5 (13.2) 12 (21.4)

Amphibia 8 8 0 0
Aves 5 5 0 0

Osteichthyes 8 12 3 (37.5) 7 (58.3)
Mammalia 7 12 0 0

Reptilia 10 (2) 19 (5) 2 (20) 5 (26.3)
Cnidaria 7 (1) 9 (1) 0 0

Echinodermata 4 (1) 6 (1) 0 0
Gastrotricha 1 1 0 0

Hemichordata 1 1 0 0
Kinorhyncha 1 1 0 0

Loricifera 2 2 0 0
Mollusca 11 13 0 0

Nematoda 10 (2) 13 (4) 1 (10) 1 (7.7)
Nemertea 5 6 0 0
Placozoa 1 1 0 0

Platyhelminthes 14 (2) 19 (2) 0 0
Porifera 11 14 0 0
Rotifera 1 1 0 0

Tardigrada 3 3 0 0
Total 308 (17) 424 (22) 45 (14.6) 82 (19.3)

* non-insects only.

In the following, “Column letter” refers to columns in Table 2 where all raw data
are presented.

Forty-five of the papers included keys to genera (14.6% of the total). More than one
key in a paper was found as follows (indicated by a number after the dash in Column A):
Haitlinger [9] had four keys for genera of castriniid mites, one each for the two sexes in
each of two geographic regions. In Gomes Almeida et al. [15] there were separate keys for
males and females of macronyssid mites and Kim and Boxshall [16] had separate keys for
copepods in different families. Thus, there was a total of 50 keys in the dataset. Overall,
82 new genera and 441 genera in total were each made potentially identifiable through one
or more keys. Thus 19.3% of the 424 new genera were included in keys. For papers with
keys, 19 different journals were included with Zootaxa being most heavily represented
with 14 papers (31.1% of the total) and Zookeys a distant second with four (Column B).

There is marked heterogeneity in the proportion of new genera that are described
furnished with a key among higher-level taxa. For the major groupings with ten or more
new genera, Bryozoa, Mollusca, Platyhelminthes and Porifera (and also Mammalia) lacked
any identification keys and there was one key among the ten papers (10.0%) that described
new nematode genera. Among the rest, Arachnida had the smallest proportion of papers
that included an identification key (7.9%), and Myriapoda had the most (47.1%). The
pattern for proportion of new genera made identifiable with a key was similar, with 7.7% of
new nematode genera and 46.2% of myriapods being the outlying non-zero values (Table 1).
Variation among arthropod classes in the prevalence of identification keys is significant
when analysed on a per-paper or per-new genus basis (non-insect hexapods removed due
to small sample sizes, χ2 = 15.93, p = 0.0012 and χ2 = 22.83, p < 0.00005 respectively). In the
following, “Column” refers to columns in Table 2 where all raw data are presented.

https://doi.org/10.3390/taxonomy6030040

https://doi.org/10.3390/taxonomy6030040


Taxonomy 2026, 6, 40 7 of 19

Fifty-two new genera were known from both sexes and an additional three were
likely also known for both sexes in somewhat sexually monomorphic taxa (one polychaete
annelid and two bony fish, Column F) with long series of specimens but no statements
provided about their sex. Fourteen new genera were known only as females, one only as
males and one only as males and neuters [17]. Eleven newly described genera with smaller
sample sizes lacked statements as to whether one or both sexes had been studied (none
were in taxa where hermaphroditism would be an issue).

Key titles almost always accurately explained what followed: i.e., they mentioned the
taxonomic level(s) that the key identified (usually genera) as well as the reference group to
which it pertained. Three exceptions were as follows: in Slavenko et al. [18] the key was
simply titled “key to the genera” and two keys related only to vaguely described groups of
genera: key to genera A, B and C [19] or key to genus D and related taxa [20]. Keys also
identified whether they dealt with geographic subdivisions, morphological or ecological
subsets or just one sex (or in the case of Gellert et al. [17]—only to neuters of a crustacean
group). However, there was one key only to females when both sexes were known [21],
six where the key applied only to males when both sexes were known (Table 2, column F)
and in Gellert et al. [17] males of the new genus were also known in addition to neuters but
the key was only for the latter.
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Table 2. Raw data extracted for this paper. i–xvii indicate variables assessed for key criteria.

A
Paper

#—
Key #

B
Journal

a

C
#

Gen.
Nov.

D
Phylum

E
Classification

F
Sexes
Avail-
able b

G
Ref

Group
c

H
Rec

Group

I
# Gen-
era in
Key

J
# Cou-
plets d

K
i

L
ii

M
iii
e

N
iiia

f

O
iv

P
v

Q
vi

R
vii

S
viii

T
ix

U
x g

V
xi

W
xii

X
xiii

Y
xiv

Z
xv

AA
xvi

AB
# As-

sessed

AC
#

Subop-
timal

AD
%

Subop-
timal

[22] JP 1 Acanthoce-
phala

Gigantorhyn-
chidae F 4 4 3 2 0 0 0 0 0 0 0 0 1 1 0 12 2 16.67

[23] ZK 2 Arthropoda
Myriapoda,
Trichopoly-
desmidae

2bs 1f 4emn 4e 6 5 0 0 1 0 0 0 1 1 1 0 0 1 0 0 0 16 5 31.25

[24] ZT 1 Arthropoda Myriapoda,
Haaseidae bs 4 4 5 4 0 0 1 0 0 0 1 1 1 0 0 1 1 0 15 6 40

[25] SAA 1 Arthropoda Acari,
Cepheidae bs 4 5 14 13 0 0 0 0 0 0 1 1 1 0 0 1 1 0 15 5 33.33

[21] SAA 2 Arthropoda Acari,
Obuloidini 2bs 1f F 2 4 4 3 0 0 0 33 0 0 0 0 1 1 1 0 0 1 1 0 0 17 5 29.41

[26] ASP 3 Arthropoda Arachnida,
Metasarcidae 3bs—M 4 5 6 5 0 1 0 0 0 1 1 1 0 0 0 1 0 0 15 5 33.33

[13] ZT 1 Arthropoda
Crustacea,

Entomolepi-
didae

f 4 6 9 8 1 1 0 0 0 0 1 1 1 0 0 1 1 0 15 7 46.67

[27] ZT 2 Arthropoda
Myriapoda,
Chelodesmi-

dae

2bs 1f
M 2 3 5 4 1 0 0 5 0 0 0 1 1 1 0 0 1 1 0 0 16 6 37.5

[28] ZT 2 Arthropoda Crustacea,
Ischyrocerini 2bs 1f 2 ? 18 17 1 0 0 19 0 0 0 0 1 1 1 0 0 1 0 1 0 17 6 35.3

[29] I 1 Arthropoda Hexapoda,
Sminthuridae Bs 1 4 5 4 0 0 0 3 0 0 0 0 1 1 1 0 0 1 1 0 16 5 31.25

[30] ZT 2 Arthropoda
Crustacea,

Parapseudi-
dae

2bs 1f 3 3 18 16t 0 0 1 0 0 0 1 1 1 0 1 1 1 0 15 7 46.67

[17] PeerJ 2 Arthropoda
Crustacea,

Typhlotanaei-
dae

2m&n
N 4 5 3 2 0 0 0 0 0 0 0 1 1 0 0 12 2 16.67

[15]-1 A 1 Arthropoda
Acari,

Macronyssi-
dae

Bs 4n 4 14 13 0 0 0 0 0 1 1 1 0 0 1 1 0 14 5 35.71

[15]-2 A 1 Arthropoda
Acari,

Macronyssi-
dae

bs 4n 4 14 13 0 0 0 0 0 1 1 1 0 0 1 1 0 14 5 35.71

[9]-3 EZJ 4 Arthropoda
Acari,

Canestrini-
idae

4bs 1m 4c 4 31 30 0 0 0 0 0 1 1 1 0 1 1 1 1 14 7 50

[9]-4 EZJ 3 Arthropoda
Acari,

Canestrini-
idae

4bs 1m 4c 4 33 32 0 0 0 0 0 1 1 1 1 0 1 1 1 14 7 50

[9]-2 EZJ 5 Arthropoda
Acari,

Canestrini-
idae

3bs 1m 4c 4 21 20 0 0 0 0 0 1 1 1 0 0 1 1 1 14 6 42.86

[9]-1 EZJ 4 Arthropoda
Acari,

Canestrini-
idae

3bs 1m 4c 4 20 19 0 0 0 0 0 1 1 1 0 1 1 1 1 14 7 50

[31] ZT 1 Arthropoda Crustacea,
Anthuroidea bs 5n 6 11 10 1 0 0 0 1 0 0 1 1 0 0 1 1 1 0 16 7 43.75

[32] SP 1 Nematoda Atractidae bs 4 4 27 19t 0 0 0 1 0 0 1 1 1 1 1 1 0 14 7 50

[33] PeerJ 1 Arthropoda
Crustacea,

Chondropod-
inae

f 3 4 9 8 0 0 0 3 0 1 0 0 1 1 1 0 0 1 1 0 16 6 37.5
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Table 2. Cont.

A
Paper

#—
Key #

B
Journal

a

C
#

Gen.
Nov.

D
Phylum

E
Classification

F
Sexes
Avail-
able b

G
Ref

Group
c

H
Rec

Group

I
# Gen-
era in
Key

J
# Cou-
plets d

K
i

L
ii

M
iii
e

N
iiia

f

O
iv

P
v

Q
vi

R
vii

S
viii

T
ix

U
x g

V
xi

W
xii

X
xiii

Y
xiv

Z
xv

AA
xvi

AB
# As-

sessed

AC
#

Subop-
timal

AD
%

Subop-
timal

[34] ZT 3 Arthropoda Crustacea,
Tyroninae 2bs 1f 4 4 6 5 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 16 3 18.75

[35] ZT 1 Arthropoda
Acari,

Athyracari-
dae

f 4 4 3 2 1 0 0 0 1 0 0 0 1 1 0 12 4 33.33

[16]-1 ZT 2 Arthropoda Crustacea,
Enteropsidae 2f 4 6 7 6 1 0 0 0 0 1 1 1 0 0 1 0 0 14 5 35.71

[16]-2 ZT 2 Arthropoda Crustacea,
Ascidicolidae 2f 4 6 4 3 1 0 0 0 0 1 1 1 0 0 1 0 0 14 5 35.71

[36] IR 5 Chordata Teleostei,
Carangidae 5ns 1 1 15 11t 0 1 1 0 0 0 1 1 1 0 0 1 1 0 0 16 7 43.75

[37] ZT 1 Chordata
Reptilia,

Homalopsi-
dae

bs 4n 4 11 10 1 0 0 0 0 0 1 1 1 0 0 1 1 0 15 6 40

[38] EJT 1 Arthropoda Acari, Lim-
nocharidae f 4 4 5 4 0 0 0 0 0 0 1 1 1 0 1 1 1 0 16 7 43.75

[39] ASP 3 Arthropoda Arachnida,
Feaellinae 3bs 3 3 5 7r 0 1 0 24 0 0 0 0 1 1 1 0 1 1 1 1 0 17 8 47.06

[40] ZT 3 Arthropoda Crustacea,
Talitridae bs—M 3 4 15 14 1 1 0 3 0 0 0 0 1 1 1 0 1 1 1 1 16 9 56.25

[41] D 1 Arthropoda Hexapoda,
Sminthurididae bs 4 ? 12 11 0 0 1 0 0 0 1 1 1 0 0 1 0 1 0 16 6 37.5

[42] ZT 2 Arthropoda
Myriapoda,
Diplomarag-

nidae
2bs1fM 4s 4 11 10y 1 0 1 1 0 1 0 1 1 1 1 1 13 9 69.23

[43] SAA 3 Arthropoda Acari,
Damaeidae ns 1 1 6 5 0 0 0 7 0 0 0 0 0 0 0 0 0 1 1 0 16 2 12.5

[44] PeerJ 1 Arthropoda
Crustacea,

Vaunthomp-
soniinae

bs 3m 4 4 3 0 0 0 3 0 0 0 1 0 0 0 0 0 0 1 0 15 2 12.5

[45] EJT 1 Annelida Polychaeta,
Polynoinae f 3c 4 23 22 0 0 0 2 0 0 0 0 1 1 1 1 1 1 1 0 16 7 43.75

[46] ZE 1 Arthropoda

Myriapoda,
Pseu-

dospirobolell-
idae

bs—M 4 4 4 3 0 0 0 0 0 1 1 1 0 0 1 1 1 14 6 42.86

[14] BA 1 Arthropoda
Arachnida,

Pseudochacti-
dae

bs 4 6 4 3 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 16 2 12.5

[47] ZT 2 Arthropoda Myriapoda,
Striariidae 2bs 1f 4 6 5 4 1 0 0 0 0 0 1 0 1 0 0 1 1 0 15 5 33.33

[48] ZT 1 Arthropoda Myriapoda,
Caseyidae bs 6 6 8 7 1 0 0 0 0 0 1 1 1 0 0 1 1 1 15 7 46.67

[18] ZJLS 4 Chordata Squamata,
Scincidae 1bs 3ns 1n 1 7 6 0 1 1 0 0 0 0 1 1 1 0 0 1 0 0 16 6 37.5

[49] IJA 1 Arthropoda Acari,
Euzerconidae bs 4 6 13 12 0 0 0 0 0 0 1 1 1 0 0 1 1 0 15 5 33.33

[50] ZK 1 Arthropoda
Arachnida,
Theridioso-

matidae
bs 4s 4 3 6 0 0 0 0 0 0 1 0 1 0 0 1 0 0 15 3 20

[19] FB 1 Chordata Teleostei,
Leuciscidae pbs 1 1 7 6 0 1 1 0 0 0 0 1 1 1 0 0 1 1 0 16 7 43.75

[51] ZE 1 Chordata Teleostei,
Cyprinidae pbs 1mn 1 3 2 0 1 1 0 0 0 1 0 0 1 1 0 13 5 38.46

[52] ZK 1 Arthropoda Myriapoda,
Julidae, bs 2mn 2 9 8 0 0 1 0 0 0 0 1 1 1 0 1 1 1 0 0 17 7 41.18
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Table 2. Cont.

A
Paper

#—
Key #

B
Journal

a

C
#

Gen.
Nov.

D
Phylum

E
Classification

F
Sexes
Avail-
able b

G
Ref

Group
c

H
Rec

Group

I
# Gen-
era in
Key

J
# Cou-
plets d

K
i

L
ii

M
iii
e

N
iiia

f

O
iv

P
v

Q
vi

R
vii

S
viii

T
ix

U
x g

V
xi

W
xii

X
xiii

Y
xiv

Z
xv

AA
xvi

AB
# As-

sessed

AC
#

Subop-
timal

AD
%

Subop-
timal

[53] D 1 Arthropoda Crustacea,
Oplophoroidea f 5 5 11 10 0 0 0 0 0 0 1 1 1 0 0 1 1 0 15 5 33.33

[20] JNH 2 Annelida Polychaeta,
Nereididae 1bs1pbs 1 1 7 6 0 1 1 0 0 0 0 1 1 1 0 0 1 1 0 16 7 43.75

[54] JNH 1 Arthropoda Acari,
Cunaxidae f 3 6 6 5 0 0 0 6 0 0 0 0 1 1 0 0 0 0 1 0 16 3 18.75

[55] JNH 1 Arthropoda Arachnida,
Zodraiidae bs 3mn 4 5 4 0 0 0 2 0 0 0 0 1 1 1 1 0 1 1 0 16 6 37.5

[56] ZK 2 Arthropoda Arachnida,
Clubionidae 2bs 1f 4c 4 11 10 0 1 0 0 0 0 1 1 1 0 0 1 1 0 0 16 6 37.5

a A—Acaralogia, ASP—Arthropod Systematics and Phylogeny, BA—Bulletin of the American Museum of Natural History, D—Diversity, EZJ—European Journal of Zoology, FB—Fish Biology,
I—Insects, IJA—International Journal of Acarology, IR—Ichthyological Research, JNH—Journal of Natural History, JP—Journal of Parasitology, SAA—Systematic and Applied Acarology,
SP—Systematic Parasitology, ZE—Zoosystematics and Evolution, ZJLS—Zoological Journal of the Linnean Society, ZK—Zookeys, ZT—Zootaxa. b bs—both sexes, m—male only, f—female
only, pbs—probably both sexes, ns—not sexed, F—key to females only, M—key to males only. c 1—genus, 2—tribe, 3—subfamily, 4—family, 5—superfamily, 6—order, e—ecological,
m—morphological, c—continental, n—national, s—subnational, all others global. d r—some genera repeated, t—trichotomies, y—yoked. e Bold—information usefully positioned.
f number of features required to identify reference group from recognition group. g Bold—all couplets monothetic, italics—all monothetic for females only.
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Column G shows the level of the taxonomic hierarchy included in the keys, i.e., the
reference group. Most keys treated the family level or above (31, 62%). Thirteen of the
keys treated a geographically restricted subset of the taxonomic level (c, n or s added in
Column G indicating continents, national and subnational respectively), two a morpholog-
ically defined subset (m added in Column G; [17,44]), three were both geographically and
morphologically prescribed [19,51,52] and one was both ecologically (e added in Column G)
and geographically restricted [23]. Overall, global level treatments were most common
(32, 65.3%).

The keys permitted the identification of three to 33 genera (column I) in total with
an average of 10.12, but high variance (S.D. = 7.31, median = 7). From one to five new
genera could be identified with the keys (column C) with an average of 1.82 (S.D. = 1.12,
median = 1). The number of couplets was usually as expected (i.e., n-1 where n is the
number of genera treated, column J); exceptions are noted in the footnotes to the column
and also under variable vii below.

Table 2 also shows the results of key evaluation for each of the criteria; column numbers
are given for the relevant data.

3.2. Key Evaluation

(i) Availability: I could not access the data in 17 papers which were neither available
through library and online sources nor through contact with an author. Thus, 5.2% of
papers describing 22 new genera (4.9% of the total) could not be analysed further. Without
access to the entire paper, it was usually impossible to determine whether or not keys
were provided.

Eleven papers that included a total of 12 keys that permitted the identification of
20 new genera were not freely available but were obtained upon request (column K). All of
these had been published in Zootaxa.

(ii) Searchable: Ten keys incorporating 25 new genera were in papers that did not have
the presence of a key detectable through standard keyword searches before downloading
the pdf (Column L). These represent 20% and 30.5% of papers and new genera respectively.

(iii) Reference group identification explained: One key was to genera within an order,
two were for superfamilies and 28 were to families. These taxonomic levels were considered
not to require explanation on how to identify them. This left thirty-seven new genera in
19 keys that were in papers where information on how to identify the taxonomic level to
which the key applied would have been useful. This information was not given for seven
keys relevant to 16 new genera (36.8% of the keys and 43.2% of the new genera, column M).
When provided, the information was immediately above the key or at the beginning of the
taxonomic section in seven of the instances, but far away in the introduction in the others
and thus usefully positioned in 58.3% of cases where it was deemed needed. The number of
features requiring evaluation by a user to check whether the key might be useful to identify
a specimen in these instances ranged from two to 33 with an average of 9.2 (column N).

(iv) Sex-specific couplets (Column O): Three keys had sex-specific couplets despite the
key ostensibly being to both sexes. Thus, specimens of the sex not treated in those couplets
could not be identified with the key when passing that couplet was required. This issue
applied to 8.6% of the keys where the problem could arise, although in two of these [41,49]
it was clearly stated that this was an issue in the key heading or subheading (i.e., wording
such as “this key requires a specific sex to be available for some couplets to be applicable”).

(v) Formatting errors (Column P): Three keys contained errors in couplet numbering
(6%): in two cases [33,42] there was a single error which should be easily accounted for
by users. But in Jesus et al. [32] there were multiple errors (couplets with only one lead,
different leads of a couplet numbered as if they were different couplets) and the fact that
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this key also included trichotomies suggests that those using it frequently would likely
wish to edit the pdf for clarity.

(vi) Leapfrogging (column Q): A single key [31] (2%) had leapfrog couplets.
(vii) Non-dichotomous couplets (Column R): Three keys included one or more tri-

chotomous couplets and one was of the yoked style (i.e., all the taxa agreeing with the first
lead of a couplet were treated before the second lead was reached [42]). Thus 8% of keys
had a non-standard structure.

(viii) Retracing (Column S): Only four keys facilitated retracing although three more
had only two couplets and so would not have needed it. Thus only 8.5% of keys for which
retracing might have been sensible permitted it. This related to seven new genera (9% of
the total for which retracing would have been useful).

(ix) Number of steps: Figure 1 shows the mean number of steps required to identify the
genera in the keys along with the minimum and maximum possible number of steps (for
fan- and comb-shaped keys respectively). Six keys (Column T), for a total of 11 new genera,
were as short as possible—i.e., they were maximally fan-shaped. Thus, 14.3% of strictly
dichotomous keys of more than two couplets (where minimum and maximum number of
steps are equal) were as efficient to use as possible and the percentage of new genera that
they aided the identification of was 16.2%. Not surprisingly, these were all in the relatively
shorter keys: no keys of more than five couplets were as fan-shaped as possible, but even
for such short keys only a minority were optimal for this criterion (6/17 or 35.3%) and
fan-shaped keys were to significantly fewer taxa than the others (Mann–Whitney U-test,
z = 2.2, p = 0.028).

(x) Monothetic couplets (Column U): All but seven keys included one or more mono-
thetic couplets (86%); three were made up entirely of such couplets while a fourth was
monothetic for females; thus 8% of all keys included entirely single-feature couplets.
Seventy new genera were in the keys containing monothetic couplets (85.4% of the total).
The average proportion of couplets that were monothetic across all keys was 45.5%.

(xi) Not contrasted (Column V): Eleven keys (22%) included features in one or more
leads that were not contrasted in the alternate lead of the couplet and there were 22 new
genera in these keys (26.8%). Uncontrasted features made up all parts of one or more
couplets in four cases (8% of all keys) relevant to six new genera (7.3%).

(xii) Eleven keys (22%) had one or more couplets that were entirely indecisive
(Column W), affecting 24 new genera (29.3%).

(xiii) Imaged features (Columns X): Only four keys (8%), for six new genera (7.3%),
had at least one image cited for each lead, 34 (68%) entirely lacked them and the remaining
12 illustrated one or more leads, but not all of them (these are the keys with “1” as the entry
in column X but also with an entry in column Y). On average 19.4% of leads cited at least
one image.

(xiv) Image placement (Column Y): Four keys (25% of keys with any images)
had all the images provided near the key, while the remaining 12 had them less
conveniently placed.

(xv) Diagnoses (Column Z): Thirteen keys (26%) were in papers where all genera
that were made identifiable from a key were also identifiable through a formal diagnosis
and one more had diagnostic information presented for all genera in sections with the
subheading “remarks”. All the new genera were diagnosed.

(xvi) Habitus images (Column AA): Ten keys in seven papers did not have complete
habitus images of the new genera with the result that 18 new genera lacked habitus images.
However, seven of these genera had substantial proportions of their entire bodies illustrated,
four of which were millipedes for which an image incorporating all repetitively structured
segments might not need habitus images.
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(xvii) Emendation of an earlier key with only the changes included, rather than the
whole key, was not found in any of the papers assessed here.

An issue not found among insect keys was contradiction between how many genera
were stated to be treated in the key and the number actually in it. This was found in one
instance [30] where the number in the key was less than expected from the text. This does
not affect key quality itself other than making users wonder how to identify the missing
taxa, unless the first number was a typographic error.

For the fifty non-insect keys assessed for the above 17 criteria, the number of variables
that were found to be suboptimal varied from two to nine (Column AC), with an average
of 5.6 (S.D. = 1.75). This represents 12.5 to 69.2% (Column AD) of the assessable variables
(Column AB; recall, some variables are inapplicable for some keys) and an average of
36.9% (S.D. = 11.6).

3.3. Comparison of Entomological to Other Animal Data

Table 3 compares the data discussed above for the sum of non-insect and insect keys.

Table 3. Data for the variables for which the non-insect data were significantly different from the
insect data.

Non-Insects Insects Chi-Squared p

# of papers
with keys 45 136 34.85 <0.000005
Without 263 262

# of genera
with keys 82 232 56.27 <0.000001
Without 342 321

keys are to
family level or above 31 21 41.34 <0.000001

below family 19 120

keys are to the
global fauna 32 62 5.9 0.015

not global 18 79

Figure 2 shows the percentage of assessable variables that were suboptimal for non-
insects and for the earlier insect data and Figure 3 shows the proportion of keys that were
subject to each of the 17 different issues separately for insects and non-insects. In both cases,
the patterns are similar. None of the key assessment criteria differed significantly between
the insect and non-insect keys, although illustration of all leads was almost significantly
less frequent in the non-insect keys (χ2 = 3.72, p = 0.054) and the proportion of keys with
entirely monothetic couplets was higher in insects (χ2 = 3.72, p = 0.08) (all other p values
were greater than 0.1). However, there were significant differences among some of the
other assessed variables as follows. Both the proportion of papers with keys and new
genera made identifiable with keys were higher in the insect sample (χ2 = 34.85 and 56.27,
respectively, p << 0.00001 in both cases). Keys were given to genera within groups at the
family level or above more often in non-insects (χ2 = 41.34, p <<< 0.00001) and were more
often to the global fauna (χ2 = 5.9, p = 0.015).
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Figure 2. Percentage occurrence of different proportions of variables for which the keys were
suboptimal, grouped in 10% increments.

Figure 3. Percentage of occurrences where keys were suboptimal for each of the 17 criteria.

4. Discussion
4.1. General

It is becoming increasingly important to assess biodiversity as efficiently as possible
and this requires accurate and easy-to-use identification tools. Anyone other than the
taxonomic experts on a particular group wishing to identify specimens morphologically
will likely need to use one or more identification keys as the first step in identifying a
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specimen [3,57]: but how easy are these keys to use? I chose to assess new genus-level taxa
as the focus of study so the results might be broadly applicable while being tractable. Based
upon an earlier survey of keys to insect genera [3], I evaluated 17 key optimality criteria,
and, on average, insect and non-insect keys alike were suboptimal for an average of over
5.5 variables but with substantial variation among keys in the overall scores.

The earlier paper made 23 recommendations on how to make keys optimal for users. I
do not repeat that list here as most of the factors noted above (1–16) were among them. It is
generally not possible to verify several more such as whether (relatively) naïve subjects
tested the key or whether the key was proofread carefully. Others are difficult for non-
specialists of the included taxa to address such as whether the most common taxa are
treated earlier in the key or if couplets requiring the most difficult practical procedures
arise later. The use of terminology that would be unknown to anyone not already well-
acquainted with the taxonomic group treated seemed ubiquitous. While it is important to
use terms that are precise and internationally understood by people using a key, beginners
will often be at a loss when faced with a paper that does not explain what a large number of
taxon-specific morphological terms might refer to. This would be most easily accomplished
through labelled illustrations that point out both the structure and the particular feature
state that a specimen must possess for it to agree with a statement in a key. Alas, this was
rarely done. The best example I have found of such user-friendly approaches remains [58], a
study of ponerine ants, although several papers on Crustacea (e.g., Conlan [28]) approached
this. But there seems no good reason to use terms that require consultation of a dictionary
when those in common usage would suffice. Take for example, a couplet in Baker [59]
where a structure is stated to be either mucronate or mutic. Mucronate means having a
mucro, which means it has an abrupt sharp point. Mutic means unarmed. Why not simply
say “with one or more spines” (and perhaps help further by saying how many; in this case
there are two and they are neither short nor “abruptly sharp”) versus “without spines”.
Why are most—even English-speaking users—forced to consult a dictionary to understand
a couplet? I have yet to hear a taxonomist, or anyone that uses the results of taxonomic
research, complain that they do not have enough to do and so making keys mor rapidly
understood should benefit everyone and should be considered during key construction.

In addition to the lack of keys that were partial emendations of earlier ones among
the non-insect data (as noted above), another issue that a few insect keys suffered from
which was not found in any of the examples examined here was the placement of keys
in supplementary materials where, experience shows, less rigorous examination occurs
during the review process [3].

Conversely, two issues were found among the current sample of keys that did not
occur among the insect papers. One arose in Haitlinger [9], where separate keys were
provided for males and females of canestriniid mites for each of two different geographic
areas. The second pair of those keys (for Asian and Oceanian genera) would, at best, be
unnecessarily time-consuming to use because “[g]enera which are already in the keys for
Europe are not included in these keys.” Thus, a specimen from Asia or Oceania would have
to be run through a key to European genera before using the one for the geographic area
from which the sample was obtained: it seems probable that false positive identifications
might be obtained in using the key to European taxa for an Asian specimen.

The other issue concerns inclusion of taxa that the authors have not seen. For example,
Drumm and Heard [30] included one new genus in their key based upon the original
diagnosis and illustrations. Because this issue could only be confidently recognised if the
authors stated it themselves, it seems probable that it arose more often than I detected it
and it may have occurred unnoticed within the insect dataset.
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Some additional insights gleaned from the non-insect samples are as follows:
One key (in Kohler et al. [37]) provided letters for the different leads within a couplet but
did so inconsistently, potentially causing confusion. In contrast, Drumm and Heard [30]
included trichotomies in their key but made it sufficiently obvious, through adding letters
at the beginning of each lead, that users would notice the inclusion of this non-standard
approach. The keys in Sharkey et al. [60] in the insect dataset, also made it obvious when
non-dichotomous couplets arose. In Núñez et al. [45] the authors incorporated a useful
approach by avoiding, wherever possible, couplets that relied on body parts that are fre-
quently broken off (their focal organisms being polynoid polychaetes). While many marine
organisms are fragile, difficult to extract as intact specimens or both, many arthropods have
body parts that are often broken off whether specimens are stored in fluids or as is the
case with most insects, on a pin. It would be useful for authors of new taxa to minimise
reliance on those body parts most likely to be lost (this was treated previously [3] only
in passing—monothetic couplets using fragile parts being discouraged). It is useful for
authors of taxonomic papers to explain how to differentiate the taxa treated in the context
of both keys [3] and diagnoses [10] and to do so at as high a level as possible. This will
enable more potential users to know whether the paper is of practical use to their tasks at
hand. This might be more important for taxa for which there is broader interest. However,
this is something of a circular argument given that taxa with a literature permitting easy
identification will receive broader attention. Authors are sometimes inconsistent in their
treatment of this issue. For example, ref. Drumm and Heard [30] provide a key to genera
of Parapseudinae (Crustacea) and elsewhere explain how to identify the family Parapseu-
didae from among taxa of the suborder Apseudomorpha. They also state what features
differ between the subfamilies—without mentioning which states are present in which
subfamily. Thus, they allow identification of the relevant family, but the user has to know
which subfamily has which feature states before they can embark on the key.

4.2. Recommendations

1. Provide information that makes it clear what taxa can be identified with the key.
This should be done in the key’s title or immediately beneath it. This would include the
taxonomic group encompassed by the key, the geographic range it occupies, what sexes
or life stages the key works for and whether it is to an ecologically or morphologically
defined subset of the larger group. The key title should also state the taxonomic level the
key identifies. If there is more than one—for example if the key is to genera within a family
overall, but some subfamilies are identified only to that level whereas others are keyed to
genus, it should be stated overtly, perhaps optimally just below the title. If the key is to a
morphological subset of the higher-level taxon treated explain clearly how to identify it.
“Key to the taxa with modified hind legs” is not useful unless a potential user can easily
understand what those modifications look like. In this example, images should be provided
not only of the least modified of the taxa included but also in the most similar appearing
legs that are considered unmodified—for example, by stating “key to the taxa with hind
legs at least as modified as in Fig. A, taxa without modifications will look at most like those
in Fig. B.”

2. Whenever possible, include features based on body parts that are relatively unlikely to
be obscured or damaged. Certainly, it is disadvantageous to have any couplets entirely made
up of parts that are likely to be lost, although in some cases there might be no alternatives. It
is perhaps notable that diagnoses of new genera in the groups for which no identification
keys were provided often required time-consuming dissection and/or serial sectioning
for study (e.g., Mendoza-Franco et al. [61], Platyhelminthes): a potential reason as to why
producing keys is not part of the taxonomic culture among researchers of these groups.
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3. When there are multiple keys dealing with the same taxa but from different
ecological or geographic regions, make them exhaustively applicable in each case (see
fourth paragraph in discussion for the example that prompted this recommendation).
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