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Zoological specimens are essential for reconstructing past biodiversity, but their research value relies on metadata
such as species, age, and collection context. When key information—especially location and historical period—is lost
(due to war, neglect, or poor documentation e.g.), specimen utility is compromised. While biological traits can be
recovered, assigning specimens to specific historical periods or collections remains challenging. Traditional research
is time-consuming, and some analytical techniques are unsuitable for recent collections, highlighting the need for
efficient methods of historical classification. Moreover, given the historical and archaeological value of these samples,
it is essential to employ non-destructive analytical techniques that can be applied directly on-site, minimizing the
risks associated with handling such valuable and fragile materials.

In this presentation, we will share our initial encouraging results using portable NIR (Near-Infrared) sensors to classify
specimens - mammal skeletons of red squirrel (Sciurus vulgaris) - from the collections of the Natural Sciences Museum
of Barcelona into historical periods. The project aimed to optimize an analytical protocol suitable for practical
application in museums, taking into account the various sources of variability that contribute to spectroscopic
measurement errors.

The approach focused on studying the multivariate error associated with the measurements and incorporating this
information directly into visualization and into classification multivariate models to enhance their performance.
The multivariate error was estimated through the analysis of error covariance and correlation matrices of the raw
spectroscopic data [1, 2 and references therein].

The first aspect we optimized was the measurement protocol for the samples, which were presented as whole skulls,
partially preserved skulls, mandibles, and, in some cases, additional bone elements considered fit for analysis. The
study of multivariate error of the raw data proved valuable in selecting the most suitable sampling configuration and
determining the optimal number of replicates to perform on each zoological sample.

Subsequently, visualization and classification models were developed using Principal Component Analysis (PCA) and
Discriminant Analysis (DA), integrating the information derived from multivariate error estimation [3]. This approach
allowed for effective separation of samples into classes representing modern and historical periods. The classification
models were validated using external validation.

In this study, we evaluated two of the most widely used portable NIR sensors available on the market. The first, the
NeoSpectra Scanner (Si-Ware), operates within the 1250-2500 nm range, while the second, the MicroNIR OnSite-W
(VIAVI Solutions), spans from 908 to 1976 nm. Both sensors operate using external reflection. When combined with
chemometric data analysis, both sensors were deemed suitable for the intended purpose. In both cases, incorporating
multivariate error into the models improved their performance, making the visualization models clearer and more
interpretable and the classification models more effective. Differences in the sources of variability between the two
sensors were observed, affecting the quality of the spectroscopic signal in different ways and, consequently, the
performance of the classification models. Incorporating multivariate error into the models allowed us to identify the
optimal solution for each sensor, demonstrating the significant value of studying raw spectroscopic data error when
working with handheld NIR devices.
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