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Determining whether or not superficially similar helminth specimens belong to the same species can be 
challenging, even for expert taxonomists. The possibility of cryptic species and host-induced morpholog-
ical variation, combined with the lack of universally accepted thresholds for what can be considered 
intraspecific genetic variation, are largely to blame. In the end, decisions come down to the judgment 
of taxonomists. As with other domains of human judgment, however, taxonomic decisions are subject 
to noise, i.e., differences of opinions among taxonomists when presented with the same evidence. 
Here, we quantify this noise and test the role of past experience in taxonomic decision-making. We pre-
sented morphological, genetic and host data on 15 sets of hypothetical but realistic trematode specimens, 
each split into two groups, and asked many of the world’s top trematode taxonomists to decide whether 
the two groups belonged to the same species, to different species, or they were not sure. Working inde-
pendently on the exact same information, the taxonomists rendered species delimitation decisions that
were largely inconsistent with each other, and unrelated to their past experience (measured as years of
experience or numbers of published species descriptions). The inevitable conclusion is that whether two
sets of trematode specimens are considered to represent the same species or two different species
depends entirely on the particular taxonomist who examines them. We propose three strategies to
reduce noise and achieve greater consistency and repeatability in species delimitation among different
taxonomists: establishment of clear species discrimination guidelines, decomposition of the evidence
into its separate components prior to a final decision, and aggregation of independent judgements from
two or more experienced taxonomists. Limiting subjectivity in species delimitation decisions is essential
if taxonomy is to continue underpinning other disciplines, from biodiversity and ecological research to
conservation biology and wildlife management.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of Australian Society for Parasitology. This is an 

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 
1. Introductio n (Pérez-Ponce de León, 1995; Hildebrand et al., 2015; Presswell
Whenever hosts from a previously non-studied species or local-
ity are necropsied and new helminth specimens are obtained, it is 
rarely immediately clear whether these helminths belong to a pre-
viously described species or they represent a new species. Making 
this distinction often poses challenges. For example, consider
trematodes (Platyhelminthes: Neodermata). On one hand, there
appears to be a higher frequency of cryptic species, i.e. species that
are distinct genetically but nearly indistinguishable morphologi-
cally, among trematodes than in other helminth groups (Poulin, 
2011; Pérez-Ponce de León and Poulin, 2018). On the other hand, 
substantial intraspecific morphological variation is not uncommon 
in trematode species, often associated with the identity of the
definitive hosts from which different individuals are retrieved
and Bennett, 2019; Cribb et al., 2022); thus, different-looking indi-
viduals may actually be conspecifics. When taxonomic experts are 
presented with a new set of specimens, making full use of all avail-
able evidence (the ‘integrative taxonomi c approach’) and species
delineation tools is crucial to reach the most robust decision
regarding species identity. Assessments of parasite biodiversity
depend on accurate taxonomic decisions (Carlson et al., 2020). 
The same is true for epidemiological monitoring and the tracking 
of invasive species (is this the same parasite species cropping up 
in different places, or are we dealing with multiple related spe-
cies?), parasite conservation initiatives (is this declining parasite
population unique, or does it belong to a widespread species?),
and the management of diseases in aquaculture (which parasite
are we looking at, the pathogenic species or its harmless relative?).

Recently, Cribb et al. (2025) have reviewed the ‘pillars’ of evi-
dence based on which trematode species are characterised and 
identified. First, the existence of morphological differences
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between individual specimens is usually indicative of different 
species, albeit cryptic species and intraspecific variation create dif-
ficulties. Second, the identity of the definitive host has also long 
been used to inform species identification and delineation; how-
ever, the lack of strict host specificity in many trematode species 
casts doubts over the reliability of host identity as a criterion for
species recognition. Third, the geographic site of collection may
also be informative, as trematode specimens collected in very dis-
tant localities are more likely to represent distinct species. How-
ever, reports of trematodes with cosmopolitan distributions (e.g.,
Aiken et al., 2007; Wee et al., 2022) weaken any argument in 
favour of geography as a reliable criterion. Lastly, DNA sequencing 
provides a source of information independent of morphology, host
identity or geography (Blasco-Costa et al., 2016). Using a suitable 
nuclear or mitochondrial marker, conspecific individuals should 
show little to no sequence variation, whereas separate species 
are expected to show consistent sequence differences. Several
algorithms can be applied to a large set of sequences to automate
the species delimitation process (e.g., Puillandre et al., 2012, 2021;
Fujisawa and Barraclough, 2013); these have been applied in some 
instances to trematode sequence data (e.g., Pérez-Ponce de León
et al., 2016). However, these automated methods do not always
provide congruent results (Carstens et al., 2013), and much user 
interpretation is still required.

Whether considered alone or combined, the above sources of 
evidence still require expert assessment and judgment (Cribb 
et al., 2025). However, wherever human judgment is involved, 
there will be bias and noise. Bias refers to systematic deviation 
from the correct decision in one particular direction, whereas noise 
refers to variation in judgment, as when different experts who are 
expected to agree when shown the same evidence end up reaching
very different conclusions. The noise around expert decisions
affects a broad range of real-world situations, including sentencing
by court judges, diagnoses made by doctors, opinions of forensic
experts, and recommendations of insurance claims assessors (see
review in Kahneman et al., 2021). In the case of species recognition 
and delineation, bias manifests itself when certain experts have a 
tendency to either detect multiple species in the morphological 
and genetic data they examine, or a tendency to view the data as 
representing a single species, more frequently than the average
across the community of taxonomic experts. This corresponds to
the old ‘splitter versus lumper’ dichotomy affecting how living
organisms are classified by experts with different tendencies
(Simpson, 1945; Endersby, 2009). Noise, in contrast, is measured 
as the extent of the variation among the decisions of experts, 
regardless of bias. The existence of noise in taxonomic decisions
has long been recognised (e.g., Moss, 1971). For instance, an earlier 
study has shown that there is much disagreement among tax-
onomists regarding the validity of putative new species after read-
ing summaries of the relevant research (Conix et al., 2023). 
However, this focused on their opinions of past decisions made 
by others, without quantifying noise in the decision-making pro-
cess itself.

To improve the quality of taxonomic decisions, we must over-
come noise as well as bias. Here, we focus on noise. Perhaps coun-
terintuitively, noise is not always bad: a certain amount of 
disagreement among experts can be beneficial if it leads to discus-
sion among those with different perspectives and the refinement of 
objective decision-making processes. However, how much noise is 
there currently among parasite taxonomists? How much variation 
is there among taxonomists presented with the same set of speci-
mens in deciding whether they represent the same or different
species? How likely is it that the erection of a new species depends
on which expert happens to be looking at the material? And can
the nature of the evidence presented to taxonomists influence
the noisiness of their decisions? Before we can take steps to reduce
2

noise in taxonomic decisions, we must answer these questions. 
This is the goal of the present study. We conducted a noise audit
(sensu Kahneman et al., 2021) of taxonomic decisions among a 
large selection of experts in trematode taxonomy and systematics. 
Trematodes are used here as a case study, however the implica-
tions of our findings and the ensuing recommendations apply more 
broadly to all other parasite taxa. As our audit reveals, taxonomic
decisions suffer from a large amount of noise, with extensive dis-
agreement among taxonomists. We follow the audit by proposing
simple noise-reducing strategies aimed at remedying this
situation.
2. Methods 

We asked 40 experts in trematode taxonomy to participate in 
our study. They were chosen from the list of attendees at the Tre-
matode 2024 conference (Brisbane, Australia), the list of authors of
the Cribb et al. (2025) review article, and the list of prolific tax-
onomists identified by Poulin and Presswell (2022), but also 
included a few others in order to achieve broad geographic and 
gender representation. No information was given to each expert
contacted regarding the identity of other participants.

When asked to participate, they were told that we were inves-
tigating how taxonomists make decisions regarding species dis-
crimination when considering two sets of specimens, i.e. two sets 
of measurements and genetic data. Each taxonomist was sent 15 
sets of hypothetical species descriptions, each consisting of a pair 
(subset A and subset B) of trematode descriptions that were clearly 
congeneric and plausibly, but not necessarily, the same species 
(see Supplementary Material). Although the data used are hypo-
thetical, they were inspired from real species descriptions, with 
each set corresponding to a particular trematode family. In each 
case, the data included (i) morphometric measurements , some-
times supplemented with qualitative morphological characters
(depending on the family), (ii) genetic data (percentage of base pair
differences for different DNA markers), and (iii) information on
how closely related the definitive hosts of A and B were (i.e., same
genus, different genera but same family, etc.). The taxonomists
were instructed to assume that all specimens were fixed, measured
and genetically characterised with identical procedures, without
errors, and that all sample sizes were equal. Finally, they were told
that for each pair of descriptions, all specimens were collected
from the same broad geographical region.

The data on morphology and genetic differences were deliber-
ately chosen to create some ambiguity in species discrimination. 
The 15 pairs of hypothetical specimens were created to present 
the taxonomists with an approximate gradient ranging from very 
slight to more pronounced differences in morphology, DNA 
sequences and host use, but within a range where all pairs conceiv-
ably represented the same species (see Supplementary Material). 
In other words, differences between the two subsets in a pair ran-
ged from trivial to relatively large with respect to the typical 
intraspecific variability observed in trematodes. The order in which 
the 15 sets were arranged was randomised for each participant.
The taxonomists were asked to evaluate all 15 sets independently,
i.e. using their own knowledge and experience, without consulting
colleagues. Although they were not equally familiar or knowledge-
able about all trematode families represented in our hypothetical
data, they were asked to use their best judgement and decide
whether the two subsets of descriptions, A and B, in each pair (i)
belonged to the same species, (ii) represented two distinct con-
generic species, or (iii) they were not sure.

Each taxonomist who responded was then sent a second ques-
tionnaire, in which they were asked (i) what was the main princi-
ple or method they used to reach a decision across all cases, i.e.
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genetic divergence, morphological differences, both genetic and 
morphological differences, or other; (ii) how many trematode spe-
cies they have described either as main taxonomist or co-author;
and (iii) in what year they published their first description of a
trematode species.

In addition to basic descriptive data, simple statistical tests 
were used to test for general patterns. Since respondents took from 
a few days to several weeks to reply, we used a Spearman correla-
tion coefficient to test whether the number of ‘‘same species” deci-
sions, the number of ‘‘different species” decisions, and the sum of 
same and different species decisions, were related to the time 
the experts took to reply. In addition, we used Spearman correla-
tion coefficients to test for relationships between a taxonomist’s
experience, measured as both the total number of trematode spe-
cies they have described and the number of years since their first
published description, and either the number of ‘‘same species”
decisions, the number of ‘‘different species” decisions, or the sum
of same and different species decisions they rendered.

3. Results 

We received responses from 22 expert trematode taxonomists 
(12 male, 10 female) from 11 countries, out of the 40 we initially 
contacted (three declined to participate, the rest never replied). 
Based on the information they provided, the number of trematode 
species they described ranged from fewer than 10 to over 160
trematode species per expert (average = 25.8 species). From the
first trematode species description they published to the present,
they have accumulated an average of 14.5 years of experience in
taxonomy, ranging from less than 5 to more than 40 years.

With 22 taxonomists each examining 15 cases, we received 330 
(22 × 15) expert judgments regarding trematode species discrimi-
nation (Fig. 1). Of these, 57 (17.3%) decisions were that the two 
subsets of specimens were the same species, 217 (65.7%) were that 
they were distinct species, and 56 (17.0%) were cases where the
respondents were unsure. Strikingly, all 22 sets of decisions we
received were unique (i.e., no two columns are identical in
Fig. 1). In other words, if we take the decisions made by any expert 
and try to match them with those of any other expert, i.e., if we 
pair the experts two by two for a total of 231 possible pairs of
experts among the 22 respondents, no two experts returned iden-
tical sets of decisions.

There were general differences among expert taxonomists with 
respect to their tendency to consider the data we sent them as rep-
resenting the same or different trematode species (Fig. 2). Some 
individuals were more likely to conclude to ‘‘same species” (left
hand side of Fig. 2), whereas others were much more likely to con-
sider them as ‘‘different species” (right hand side of Fig. 2, notably 
experts #1 and 21, and especially #14). Most respondents provided 
a more balanced series of decisions, while still leaning toward ‘‘dif-
ferent species”, with one expert (#7) being broadly indecisive
based on the evidence provided.

Although for some families we had generated data for two sub-
sets of specimens we thought were very similar and likely to be
considered ‘‘same species” (top of Fig. 3) while for other families 
we felt the data were less similar and likely to be considered ‘‘dif-
ferent species” (bottom of Fig. 3), the decisions obtained from 
expert taxonomists did not really match this expectation. Not a 
single case out of the 15 presented to the experts received unani-
mous decisions (Fig. 3), although there was much support for the 
specimens in some families representing the same species (e.g., 
Derogenidae), and much support for the specimens in other fami-
lies representing different species (e.g., Renicolidae). Every family
case received at least seven ‘‘different species” decisions, whereas
three families (Monorchiidae, Renicolidae and Azygiidae) received
no ‘‘same species” decisions.
3

There was no correlation between the order in which the 
experts responded to our survey and the number of ‘‘same species” 
decisions (rs = 0.101, P = 0.656), the number of ‘‘different species” 
decisions ( rs = -0.096, P = 0.670), and the total number of decisions
they made (i.e., same or different species as opposed to ‘‘not sure”)
(rs = 0.068, P = 0.765).

When asked what was the main principle or method they used 
to reach a decision across all cases, all experts replied that they 
used a holistic assessment considering all information (morpho-
logical, genetic, host identity) we provided, except one who stated
focusing mostly on the genetic data.

With respect to the past experience of our respondents (Fig. 4), 
we found no correlation between the total number of trematode 
species they have previously described and the number of ‘‘same 
species” decisions (rs = −0.047, P = 0.837), the number of ‘‘different 
species” decisions (rs = 0.038, P = 0.867), and the total number of 
decisions they made (i.e., same or different species combined) 
(rs = 0.018, P = 0.937). Similarly, we found no correlation between
the number of years since they published their first trematode spe-
cies description and the number of ‘‘same species” decisions
(rs = −0.043, P = 0.850), the number of ‘‘different species” decisions
(rs = −0.224, P = 0.315), and the total number of decisions they ren-
dered (rs = −0.233, P = 0.298).

4. Discussion 

Taxonomy is the foundation of organismal biology. Accurate 
species delimitation is essential for research in disciplines such 
as ecology, biogeography, evolution and conservation biology, to 
name just a few. For instance, estimates of species diversification
rates among branches of the tree of life vary as much as the taxo-
nomic opinions on which they are based (Faurby et al., 2016). But 
what is a ‘species’, exactly? Whatever the species concept one 
chooses, in the end a species is what an expert taxonomist (or a
small team of experts) says is a species. Some formally named
and described species are later invalidated or synonymised
(Poulin and Presswell, 2024). However, the majority of named 
and described species remain accepted as valid, the assumption 
being that decisions taken by vastly different individual tax-
onomists are equivalent and consistent. Here, we have shown that 
this is not the case, far from it. Many taxonomic decisions appear to 
be subjective, that is, not repeatable across different individual tax-
onomists. The key take-home message of our study is that whether 
two sets of trematode specimens are considered to represent the
same species or two different species depends on the particular
taxonomist who examines them. This has always been a tacitly
recognised but inconvenient truth. Nevertheless, our findings
unveil the magnitude of the noise in taxonomic decision-making,
revealing it as an important source of uncertainty about ‘true’
trematode diversity.

In brief, our main findings were, first, confirmation that there is 
substantial variability (noise in decision-making) among experts in 
trematode taxonomy when they are presented with the exact same 
evidence. As a consequence, estimates of total species diversity 
among all our hypothetical datasets would have ranged from as 
low as 20 species (from expert #3), to the maximum of 30 species 
(expert #14 viewing all 15 datasets as representing two distinct 
species each). Thus, idiosyncratic differences among taxonomists 
working in different regions of the world can lead to vast differ-
ences in estimates of regional parasite divers ity. Second, we con-
firm that trematode taxonomists range across the continuum
from splitters to lumpers (sensu Simpson, 194 5). Among all deci-
sions received, there was a clear overall tendency for a higher fre-
quency of splitting, i.e. considering the two subsets of specimens as 
distinct species, although this may be due to the hypothetical data 
we produced. Third, there was no relationship between experience
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Fig. 1. Full decision matrix across 22 expert taxonomists (columns) judging 15 hypothetical sets of very similar trematode specimens from different families (rows), showing 
whether each expert thought that each set represented specimens of the same species or different species, or whether they were not sure. Taxonomists are numbered in the
order in which they returned their responses. Trematode family sets are arranged from those thought a priori to be most similar (top) to least similar (bottom).
in taxonomy, measured either as the number of species descrip-
tions published or the number of years of experience, and the tax-
onomists’ confidence to reach decisions, or what those decisions
were.

We acknowledge that our study had limitations. In a real situa-
tion, a taxonomist might have more available information prior to 
rendering a decision than what we provided. As pointed out by 
some respondents, a phylogenetic analysis testing whether the 
two subsets of specimens are reciprocally monophyletic would 
be useful, as would illustrations showing the shape, relative sizes 
and position of internal organs, and data on the genetic variation 
within each subset of specimens relative to the variation between 
the two subsets. More data are always better, however complete 
information is almost never available. For instance, the identity 
of intermediate hosts is unknown for the vast majority of described 
trematode species, and the availability of usable DNA sequences
for other congeneric species is patchy for most trematode families.
In the present study, expert taxonomists were given a reasonable
amount of data about each subset of specimens and yet they
showed considerable disagreement in their conclusions regarding
species delimitation. It is likely that providing more information
would have led to a greater degree of agreement, however not to
total convergence on identical decisions. Furthermore, the partici-
pants were given the option of choosing ‘‘not sure” as a decision
regarding whether or not two subsets of specimens represented
the same species, if they felt insufficient information was available.
4

Another issue is that we used the number of species descrip-
tions published by an expert and the time since their first descrip-
tion as measures of a taxonomist’s experience. Of course, relevant 
experience also involves other taxonomic activities, such as species 
redescriptions and reclassifications. Nevertheless, we feel that the 
two measures we use do capture most of the differences in experi-
ence among taxonomists. Finally, it must be pointed out that the
family names associated with the cases where decisions regarding
species delimitation appeared more straightforward (e.g., Renicol-
idae and Azygiidae) or less clear-cut (e.g., Acanthocolpidae,
Lepocreadiidae and Derogenidae) do not reflect the reality for
these families; all cases used here were hypothetical and only asso-
ciated with particular families to make them more realistic.

Disagreements among taxonomists regarding the distinct spe-
cies status of newly-obtained parasite specimens are common. 
For instance, nearly one quarter of parasite species names pro-
posed in the past century have later been invalidated, as the spe-
cies they represe nted were synonymised with other species
(Poulin and Presswell, 2 024). Even many helminth species 
described and named in the past couple of decades have suffered 
this fate. Over time, new tools, such as electron microscopy and 
DNA sequencing, have become available to characterise parasite 
species. Indeed, these have been increasingly utilised in p arasite
species descriptions in recent decades (Poulin and Presswel l,
2016). However, more information does not mean less room for 
disagreement in taxonomic decisions among experts. Here, we
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Fig. 2. Summary decision results from 22 expert taxonomists judging 15 hypothetical sets of very similar trematode specimens from different families. Taxonomists are 
ranked from those that rendered the most ‘‘same species” decisions (left) to those that rendered the most ‘‘different species” decisions (right); number codes for taxonomists
reflect the order in which they returned their responses (same as in Fig. 1).
have shown that given the same evidence regarding the morphol-
ogy, genetics, and host identity of two subsets of hypothetical par-
asites, no two experts could agree in all cases, and none of our 15
hypothetical cases received unanimous decisions across all
experts.

For our purposes, it does not matter whether the 15 sets of pairs 
of closely-related specimens used in our study, if they were real, 
would actually represent distinct species or not. To some extent,
this may depend on the species concept one chooses to adopt
(Kunz, 2002; Tibayrenc, 2006; de Queiroz, 2007). There may be 
no right or wrong answers in the hypothetical cases we presented 
to our respondents. What matters is the noise among responses, 
i.e., the lack of consistent interpretation among expert taxonomists 
when presented with the exact same evidence. The total noise in 
decisions regarding species identification and delineation must
be greater than what we demonstrate here. We only focused on
what has been called system noise (among-expert variation): vari-
ability of the average judgments made by different individuals, due
to personality, experience or idiosyncratic assessment of the same
evidence (Kahneman et al., 2021). The other main component of 
total noise is occasion noise (within-expert variation), which corre-
sponds to the same person making different judgments of the same 
evidence on different days, perhaps subconsciously influenced by
irrelevant external factors. Therefore, total noise in taxonomic
decision-making is likely greater than what we demonstrated here.

Cribb et al. (2025) provide a set of general guiding principles for 
trematode species delimitation. Here, we suggest the following 
three concrete steps, applicable not only for trematodes but all 
other taxa. They represent noise-reduction strategies that go
beyond proper training in taxonomic science. First, we need clear
practical guidelines for species delimitation, i.e., agreed-upon stan-
5

dardised criteria or reference levels, established at the same kind of 
international gathering of taxonomic experts that has led to the
general principles put forth by Cribb et al. (2025). If expressed 
quantitatively (e.g., minimum genetic or morphological differences 
for species differentiation), these guidelines would allow much less 
room for noisy judgement in species identification and delineation. 
They should specify the weight to be given to each piece of evi-
dence (morpholog ical similarity, genetic divergence, host related-
ness). This approach has been proposed for avian species
discrimination, where phenotypic traits of multiple recognised
bird species were used to establish species delimitation criteria
based on data-driven thresholds (Tobias et al., 2010). The use of 
clear guidelines can increase the level of objectivity and trans-
parency of taxonomic decisions, while still allowing case-by-case
exceptions based on special circumstances.

Second, each species delimitation decision should follow the 
decomposition of the available evidence. This involves the indepen-
dent assessment of each piece of evidence (morphology, sequence 
data, host identity, geographic origin), to avoid a quick, intuitive 
first impression based on one piece of evidence that may influence 
how the others are then viewed. For example, when no obvious 
morphological difference is apparent at first glance between two
sets of specimens, this observation may then cause one to down-
play data indicating some genetic divergence. Each line of evidence
must therefore be assigned a pre-determined weight and assessed
independently of the others. For this, it is best to structure judg-
ments into separate, independent tasks, ideally separated by sev-
eral days.

Third, nothing reduces noise more than the aggregation of mul-
tiple expert judgements prior to a final decision. For species delim-
itation, this would involve a discussion among two or more
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Fig. 3. Summary of decisions received from 22 expert taxonomists for 15 hypothetical sets of very similar trematode specimens from different families. Trematode family sets 
are arranged from those thought a priori to be most similar, i.e. expected to receive more ‘‘same species” decisions (top) to those thought to be least similar, i.e. expected to
receive more ‘‘different species” decisions (bottom).

Fig. 4. Number of ‘‘different species” decisions rendered per taxonomist (N = 22) when considering 15 hypothetical sets of similar trematode specimens, as a function of their 
experience measured either as the total number of trematode species they have previously described (left) or the number of years since they published their first trematode
species description (right). Note: the x-axis on the left is on a log10 scale to avoid clumping of data points.
experienced taxonomists toward a consensus after each expert has 
formed an independent opinion. In our study, respondents were 
instructed to decide on each case independently, i.e., without con-
sulting other experts; undoubtedly, discussing these cases with 
others would have resulted in much less variation in their final
decisions. Most published descriptions of new trematode (or other)
species involve a single experienced taxonomist teaming up with
junior researchers, such as graduate students; a second experi-
6

enced opinion is missing in such cases. Peer review can provide 
that second opinion, however the unbalanced exchanges between 
reviewer and authors (with the anonymous reviewer having the
upper hand and the authors sometimes forced to yield in order
to publish) is not an ideal forum for debate.

We hesitate to advocate more extreme forms of noise-reduction 
that automate species delimitation by taking it out of the hands of 
human decision-makers. These can go beyond methods that pro-
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cess a large set of DNA sequences to identify likely species (e.g.,
Puillandre et al., 2012, 2021; Fujisawa and Barraclough, 2013;
Carstens et al., 2013; Sukumaran et al., 2021). Indeed, they include 
algorithms using Bayesian inference that integrate genetic and
phenotypic data to delimit species (e.g., Solis-Lemus et al., 2015) 
or approaches based on deep-learning algorithms and artificial
intelligence (Wäldchen and Mäder, 2018; Karbstein et al., 2024). 
In principle, these are truly noise-free and bias-free, as long as they 
were designed to be free of bias by adhering to strict consensus 
rules established by a panel of experts, thus eliminating subjectiv-
ity and achieving repeatable decisions. Such approaches have been
applied with some success to morphological data in taxa such as
fungi where species determination is challenging (e.g., Zieliński 
et al., 2020; Bartlett et al., 2022). They have even been proposed 
for parasite taxonomy and applied to discriminate among capil-
larid nematode species based on the characteristics of their eggs
(Borba et al., 2021). However, it may prove difficult to design algo-
rithms for taxonomic decisions that will apply across all trematode 
(or any other group) taxa and be accepted by all experts. If deep-
learning algorithms and AI are ever tailored to helminth taxonomic 
decisions, their main use might be for post hoc confirmation: if
their output agrees with the expert’s judgement, one can have
greater confidence in the decision, but if not this may be a prompt
for the expert to re-examine the evidence.

We therefore propose that a combination of the three noise 
reduction strategies above (establishment of clear guidelines, 
decomposition of the evidence, aggregation of independent judge-
ments) would achieve greater consistency of species discrimina-
tion. To a large extent, distinguishing between closely-related 
species cannot be reduced to an inflexible algorithm; there will 
always be a need for expert judgment. Hard decision rules applied 
invariably across all cases are bound to produce errors, perhaps
more than they are meant to avoid. Careful consideration of the
particulars and intangibles of each case remains crucial; this is
beyond what rigid decision rules and algorithms can achieve.
Therefore, we feel that even the ‘guidelines’ suggested above
should not be taken as hard rules, thus allowing experts to exert
some discretion rather than merely follow a mechanical decision
process.

The cost and consequences of eliminating all noise, i.e., elimi-
nating all inconsistencies among taxonomists in decisions regard-
ing species identification, may exceed the benefits. For example, if 
taxonomy moved to adopt the AI algorithm approach, by removing 
judgment from the hands of experts and delegating it to an auto-
mated process, the hard-earned expertise of taxonomists would 
be devalued. Even the three less extreme noise-reduction strate-
gies suggested above will not appeal to everyone. We propose 
them here merely as possible steps toward decreasing the current
level of judgment noise in parasite taxonomy, and not as ways to
eliminate all noise. Human judgment and intuition must retain
their place in species recognition, however setting them within a
well-defined decision framework would limit the current high
level of inter-individual differences of opinion regarding whether
to lump similar specimens into one species or to split them into
two species.
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