Comparison of Morphometric and Machine-Learning
Approaches to Automated Taxon ldentification (With
Examples from the Vertebrates)

Norman MacLeod

The Natural History Museum, Cromwell Road, London, UK; Department of Earth Sciences,
University College London, Gower Street, London, UK; Nanjing Institute of Geology &
Palaeontology, Chinese Academy of Sciences, 39 Beijing, Donglu, Nanjing, China; Faculty
of Life Sciences, The University of Manchester, Carys Bannister Building, Dover Street,
Manchester.

One approach to addressing long-standing concerns associated with the
taxonomic impediment and the low reproducibility of taxonomic data is
through development of automated species identification systems. Two
generalized approach categories are considered relevant in this context:
morphometric systems based on measurements taken from 2D images
or 3D scans and analyzed by some form of discriminant analysis and mach '
artificial neural networks, self-organizing maps, support-vector machines, random forest classifiers, deep
learning) that analyze the pixel brightness values of digital images. The former category is generally familiar
to many systematists, but has rarely been used for taxonomic group-identification. The latter is less familiar,
but is employed increasingly in various sorts of mathematical research, information technology, and security-
related contexts. Use of either category to augment the performance of human experts is highly desirable in
order to (1) raise the quality of taxonomic identifications on which so many scientific results and
interpretations depend, (2) stabilize species concepts, and (3) deliver high-quality taxonomic identifications to
those who need them in academic, educational, industrial, agricultural, resource management/conservation,
government, and cultural (museum) sectors of the economy. Comparisons between these two approaches
are needed in order to establish appropriate roles for each and to identify the limitations of each for resolving
taxonomic problems in all spheres of human activity.

To date | have direct experience with the application of these procedures to pollen, foraminifera, insects,
centipedes, birds, mammals, hominins and plant leaves, encompassing modern, fossil, and modern + fossil
data sets." Results obtained demonstrate that both approaches are capable of delivering identifications that
are over 90 percent accurate for small datasets. The performance of 2D Euclidean distance and landmark-
based linear discriminant analysis systems is enhanced substantially through application of generalized
least-squares superposition methods that normalize form data for variations in size, position, and orientation.
However, these morphometric procedures are practically limited to the detailed analysis of small numbers of
groups and small samples sizes by a variety of factors, including the complexity of the morphologies under
investigation and low data-collection rates. In many cases performance of these algorithms also improves
dramatically when 3D data are used as the basis for morphological comparisons. Machine-learning
alternatives usually deliver better performance, are much less labor-intensive to implement, and are capable
(at least in principle) of being scaled up to incorporate 100s, and even 1,000s of different groups. Machine
learning approaches do suffer from a lack of post hoc interpretability with regard to specification of the
relative weightings of the taxonomic characters used to achieve the
identification. However, this is not an important consideration if
delivery of high-quality identifications is the primary goal.

Both approaches classes should be considered valid within their
own analytic domains and both can deliver identification speeds,
consistencies, and reproducibilities that far outstrip the abilities of
human experts to make such identifications. While additional
research is needed to validate the results obtained in small-scale
trials and to test the resultant discriminant functions for stability
under ‘real-world’ conditions, the fact that this general approach to
biological group identification has now been demonstrated to work
in a variety of taxonomic and disciplinary contexts suggests we
may be on the threshold of realizing an order-of-magnitude
improvement in the scope, speed, and accuracy of taxonomic
identifications using morphological data.

! Vertebrate datasets will serve as examples for this presentation.
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