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Biodiversity assessment surveys are crucial for understanding the impacts of anthropogenic-mediated change on life
on our planet (Pauchard et al. 2018). Such surveys have been used for decades by researchers to build checklists and
inventories of the planet’s biological heritage, map the distribution of rare and endemic species and manage biological
invasions (Pysek et al. 2013; Hochkirch ef al. 2021). The accuracy of these assessments is largely dependent on the
work of dedicated taxonomists whose knowledge have aided in the description and diagnoses of millions of plant and
animal species for more than 250 years (Khuroo et al. 2007). Nowhere is the need for taxonomists more pressing than in
the marine realm which harbors a significant share of life’s morphological and genetic diversity (Armbrust & Palumbi,
2015). Yet, despite this need, there is still a severe shortage of taxonomists for many groups with the discovery rate of
undescribed and problematic taxa outpacing our ability to train competent taxonomists (Drew 2011). An enterprise that is
in urgent need for taxonomists is the rapid assessment survey, which is used to detect non-indigenous species in a timely
manner. These early detections provide environmental authorities a large-enough window to implement management and
or eradication protocols if needed. Rapid assessment surveys occur across a relatively wide geographic region in a short
amount of time, usually one hour of sampling per site. Organisms collected are then sorted and identified to the species
level and then inventoried. Over multiple years, such surveys can provide valuable data into the number of alien fauna
being transported to a particular region over time (Rohde et al. 2017; Pederson et al. 2021). Recruiting a complete team
of taxonomists for these surveys have historically been difficult simply due to the lack of experts available for specific
groups and also due to logistical and financial challenges, especially if there are only a handful of experts and they are
all located a considerable distance from the study area. Instead, non-taxonomists often bravely take on the challenge of
sorting through various keys (some of which may be outdated or created for a completely different geographic region)
and redescriptions (many of which involve specialized terminology only used among specialists). Worse yet, general
field guides are sometimes employed resulting in inaccurate identifications, especially for cryptic species complexes, of
which there are many within the marine invertebrate realm. These issues ultimately result in the production of incomplete
species lists where some individuals can only be identified to the genus or family level. While DNA barcoding can be
integrated into the survey, this process takes time, which nullifies the ‘rapid’ benefits of the survey. Ultimately, many
specimens remain unidentified and eventually end up in private collections or community vouchers.

With the rise of large language models (LLMs) that can autonomously learn by being trained on a vast amount
of information in real time, there are now growing conversations on whether these artificial intelligence (AI) models
can be leveraged for scientific research, and if so, whether they should (van Dis ef al. 2023; Arif et al. 2023; Zhu et al.
2023). The most exciting of these LLMs today is undoubtedly the chatbot known as ChatGPT, which was developed
by the company OpenAl, based in San Francisco, USA. For science as a whole, ChatGPT is a disruptive technology
and has the potential to revolutionize the way that we conceive of studies, run experiments and analyze data. Currently,
no formal ethical guidelines exist for using LLMs in scientific research and in many ways, we are in the midst of the
‘wild west’ of this technology. Thus far, concerns about the technology have been largely directed to its use in scientific
writing; summarizing research papers, drafting parts of manuscripts along with its use in statistical analyses and coding.
In fact, I have used ChatGPT on numerous occasions to debug python error codes and it has performed almost flawlessly,
producing outputs with the correct script which can simply be copied and pasted into the command line of my machine.
In an excellent overview of the technology, van Dis ef al. (2023) cautioned scientists about using LLMs for nuanced
tasks that require a high level of cognitive flexibility. In their overview, the authors presented ChatGPT with questions
and assignments pertaining to their field of clinical psychology and found that the chatbot produced false and misleading
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information. As far as I know, there has thus far been no open discussion about whether the technology can be leveraged
for taxomomic research.

On the surface, ChatGPT seems as though it could be the solution to the problem of a dearth of taxonomists for
biodiversity surveys, specifically during biodiversity surveys (RAS). During these surveys, non-experts (‘generalists”)
who tentatively identifies two specimens that look very similar and clearly belong to the same genus,but is unable to
make a definitive confirmation due to some ambiguous character(s) should in theory be able to present ChatGPT with
their incomplete diagnoses and have the model produce a final confirmation or at least a clarification of the ambiguity.
To test this, I presented a series of queries and follow-up questions to ChatGPT regarding the identity of two shell-boring
polychaete worms of the genus Polydora Bosc, 1802; notorious pests of commercially reared shellfish such as scallops,
oysters and abalone. For the first trial, I wanted to determine whether ChatGPT could accurately distinguish the superficial
morphological differences between Polydora websteri Hartman in Loosanoff & Engle, 1943 and Polydora neocaeca
Williams & Radashevsky, 1999—both of which appear identical to a non-polychaetologist looking through a standard
compound microscope. For practical purposes, pigmentation patterns and the structure and arrangement of modified
spines on the worms’ fifth segment (chaetiger) were chosen since they can be used as a diagnostic tool to differentiate the
two species. The input and output for the first query is shown below:

Query 1: Provide a detailed overview of the pigmentation differences between Polydora websteri and Polydora
neocaeca.

ChatGPT first provided a general statement of the fact that external morphology is similar between the two species
making it difficult to differentiate and that pigmentation could be a diagnostic tool (both of which are correct). The
following output was received:

ChatGPT: [“Polydora websteri typically has a brownish-gray body with a mottled or marbled appearance caused
by irregular patches of black pigment on the dorsal surface. The ventral surface is usually paler, with a white or grayish
coloration. The head is also darkly pigmented with two black spots. In contrast, Polydora neocaeca has a more uniform
pigmentation pattern, with a dark brown or black body that lacks the mottled appearance seen in P. websteri. The head is
also uniformly darkly pigmented, without the two black spots as seen in P. websteri. It is important to note however that
pigmentation patterns vary among individuals and may not always be reliable for species identification.”]

We were surprised at the accuracy of this description, especially the last line which cautions the user about the
problem of pigmentation variability between the two species. We then followed up this with a second query.

Query 2: Describe the fifth chaetiger spines of P. websteri and P. neocaeca for the purpose of species differentiation.
The abbreviated output is shown below:

ChatGPT: [“The fifth chaetiger of P. websteri and P. neocaeca can be used to differentiate the two species. P. websteri
has 3 pairs of spines on the fifth chaetiger.....P. neocaeca on the other hand has only 2 pairs of spines on the fifth chaetiger.
The differences in the fifth chaetiger spines can be useful in distinguishing between P. websteri and P. neocaeca, especially
where other diagnostic features are not readily apparent. It is important to note, however that accurate identification
requires careful examination of multiple characters, including the shape and size of the prostomium, peristomium and
parapodia, as well as the number and arrangement of the chaetac™]

Here, ChatGPT produced a critical error in its diagnosis: P. neocaeca actually has 7 modified spines on the fifth
chaetiger (Malan et al. 2020) while P. websteri can have 5-7 spines (Martinelli et al. 2020). These descriptions are
consistent in both the older and the more recent literature on the species. On a positive note, like the previous query,
ChatGPT did provide a useful caveat at the end mentioning that complete delineation would require investigating other
characters (prostomium, peristomium, chaetal arrangement), all of which are indeed diagnostic for these two species.

For our final query, we asked ChatGPT to produce a list of references to support their outputs. This was where the
most egregious problem arose. Of the six references that were provided to support the conclusions, five were fabricated.
These fabricated references appeared to be legitimate sources—they were ‘authored’ by well-respected polychaete
taxonomists with familiar-sounding titles and ‘published’ in well-known taxonomic-focused journals such as Zootaxa
and Journal of Natural History. However, a closer investigation using a combination of Google Scholar, Web of Science,
and the journals’ archives themselves, failed to find any of the listed references. A study by Zhu et al. (2023) looked
at the usefulness of ChatGPT to conduct literature reviews in the pharmacy field and they also found that three of the
four references provided for a particular query were also fabricated. It appears that these references are the result of the
algorithm stitching together various pieces of information regarding prior queries rather than recovering actual studies.
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In summary, it appears that ChatGPT and LLMs in general may hold some promise for taxonomic research, however
their information distilling capabilities will need to be ironed out to reduce inaccuracies. The limited ability to filter relevant
information appears to be an issue with ChatGPT (van Dis et al. 2023) which is a serious problem if it is to be applied to
the field of taxonomy which not only utilizes the most recent species descriptions but does so while contextualizing older
literature. One would hope that this dynamic utilization of data will eventually be mastered by LLMs over time. There
are other issues we noticed that for the sake of brevity, were not presented in detail here. For example, when prompted
to provide the global distribution of P. websteri, less than 50% of its actual distribution showed up in the results. We also
presented ChatGPT with a simple query: “Provide a morphological diagnosis of the polychaete Polydora hoplura”, and
while the model did provide accurate information, the characters chosen were not necessary diagnostic (e.g., coloration,
size, number of chaetigers). In other words, ChatGPT in its current form cannot be a reliable substitute for expert
taxonomists if the goal is to carry out a complete, comprehensive and accurate biodiversity assessment. Instead, the model
in its current iteration could be used by non-taxonomists to improve their initial identifications but a review by an actual
taxonomist is absolutely necessary before any final confirmations can be made. Due to the aforementioned limitations,
this obviously means that the model cannot be used for species discovery, yet. In their review of the technology and its
promise for scientific studies, van Dis et al. (2023) rightly advocated that scientific funding organizations, NGOs and
universities should prioritize the funding of more open-Al learning models where the training sets are publicly available.
This will not only make the LLMs more transparent but can also open the door to field-specific LLMs such as a taxonomy/
biodiversity LLM where it is actually designed to produce accurate descriptions and detailed diagnoses. Fortunately,
research into the use of machine learning for taxonomic research is already underway (Allken et al. 2018, Tan et al. 2020,
Tan et al. 2021, Thenmozhi et al. 2021), which can provide a model for an open-Al system. Furthermore, investment
into image-based learning models (IBLMs) that can be coupled to such LLMs would be the ideal setup to advance this
technology to the service of taxonomy. I can envision that this would be of particular interest to national museums where
much of their inventory remains unidentified and undescribed and where staffing and curatorial staff shortages abound. In
addition, organizations such as the International Barcode of Life would also benefit from a taxonomy-basedAl learning
model which automates the descriptive phase of the barcoding workflow, thereby accelerating the cataloguing process.

The molecular revolution transformed the field of taxonomy not too long ago by providing an additional tool for
describing and cataloging Earth’s biodiversity. The implementation of artificial intelligence may very well be the next
frontier for this science should all the right stars align: funding, buy-in from taxonomists and natural history museums and
improvements in learning algorithms.
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