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C ephalopods, accounting for approximately 4% 
of the total capture fisheries and 5% of the total 

global fishery production, contribute significantly to both 
ecology and fisheries because of their large populations. 
An analysis of the stomach content provides important 
insight into feeding patterns and quantitative assessments 
of food habits, and can reveal a basis to understand 
trophic interactions in food webs, representing an 
integration of many important ecological components 
(including behavior, energy intake and inter/intraspecies 
interactions), distinguishing between multiple functional 
food components (nutrients), and linking physiology, 
behavior and ecology, all of which can enable an improved 
understanding of the responses of marine animals to their 
environments.

Marine pollution has grown to become a major problem 
and threatens marine lives throughout the nested 
ecological hierarchy and the habitats on which they 

depend. The accumulation and ingestion of microplastics 
have been increasingly reported to cause diverse and 
detrimental effects to marine organisms such as mussels 
and copepods. Synthetic fabrics, which are human-made 
textiles used to substitute natural fibres, are ranked as the 
second largest contributor to marine pollution, and their 
manufacture involves carcinogenic chemicals that lead to 
a potential health risk in both human beings and other 
organisms. The ingestion of artifacts, including both plastics 
and synthetic fabrics, can become a risk because of not only 
impacts on individual organisms but also bioaccumulation 
in the food web, as well as causing challenges for food 
safety in human society.

Chia-Ying Ko (National Taiwan University) and Yao-Chang 
Lee (NSRRC) led their teams to explore the risks of artifact 
ingestion by the I. argentines using fishery samples 
collected from February to April in 2018 and 2019 in the 
southwest Atlantic. The qualitative analysis of artifacts 

found in each squid stomach was 
recorded using a Fourier-transform 
infrared spectrometer (Fig. 1). An 
IR microscope was integrated with 
the spectrometer for FTIR imaging 
at TLS 14A1 of the NSRRC; a single-
element mercury-cadmium-telluride 
photodiode cooled with liquid 
nitrogen was equipped. The spectral 
range of the apparatus was 4000−650 
cm-1 at resolution 4 cm-1 in 64 scans. 
The spectral results of the artifacts 
were compared with the spectra 
library of the software OPUS and 
confirmed on inspection of peak 
matching.

The teams found artifacts of various 
types in squid stomachs, occupying 
19.9% of the total number of all 
stomachs (Fig. 2). This observation 
indicated that artifacts might be a 
considerable threat to I. argentines. 
Although the material components of 
most artifacts could not be identified, 
six artifacts were identified as plastic-
like artifacts, including three made of 
nylon 66, one made of polyethylene 

Thinking of Food Security

μATR-FTIR technology shows the capability to assess the risks of artifact ingestion for Argentine shortfin squid Illex 
argentinus in the southwest Atlantic. 

Fig. 1: Micro-attenuated total-reflection Fourier-transform infrared (µATR-FTIR) spectrometer at 
TLS 14A1. [Photo courtesy of Pei-Yu Huang]

Fig. 2: Photographs showing examples of artifacts of various colors, sizes and shapes found in 
the stomachs of Argentine shortfin squid Illex argentinus from the southwest Atlantic. 
[Reproduced from Ref. 1]
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terephthalate and the remaining two composed of 
unknown plastics. Both temporal spatial distributions 
of I. argentinus with ingested artifacts were widely 
dispersed (Figs. 3(a) and 3(b)). There was a slightly higher 
opportunity for I. argentinus to ingest artifacts at sites near 
coastal areas. Moreover, the larger I. argentinus also had a 
higher risk of artifact ingestion than those of smaller size 
(Fig. 3(c)).

In summary, this study demonstrated the risk of persistent 
and indigestible artifacts in the stomachs of squids 
and helps to raise concerns locally about the major 
environmental problem of micro- and macro-plastics in 
seas. Further exploration of the interactions between the I. 
argentines dietary requirements and the dynamics of prey 
quality and availability as well as constant risks of artifact 

ingestion for the squids will make a substantial contribution 
to the local levels of management and conservation 
strategies. This study opens an effective example to link 
FTIR application to marine biology. (Reported by Chia-Ying 
Ko, National Taiwan University)

This report features the work of Chia-Ying Ko and her 
collaborators published in Front. Mar. Sci. 8, 675560 (2021).

TLS 14A1  IR Microscopy
•  ATR-FTIR
•  Environmental Science, Chemistry, Pollutants

Reference
1. S.-W. Chang, R.-G. Chen, T.-H. Liu, Y.-C. Lee, C.-S. Chen, 

T.-S. Chiu, C.-Y. Ko, Front. Mar. Sci. 8, 675560 (2021).

Microorganisms Feeding on Iron and Sulfur 
Might Be a Key to Develop Fe Ore Tailings into 
Functional Soil
The mineral weathering in alkaline Fe ore tailings has been identified as a key prerequisite to eco-engineered tailings-
soil formation for sustainable mine-site rehabilitation. 

Fig. 3: Risks of artifact ingestion for Argentine shortfin squid Illex argentinus in the southwest Atlantic. Percentage distributions of artifact ingestion by 
(a) sampling site, (b) month and (c) mantle length. [Reproduced from Ref. 1]

B illions of tons of iron (Fe) ore tailings have been generated from processing and extracting Fe oxides in the Fe ore mining 
industry. Eco-engineering tailings into soils is an emerging technology to convert hostile tailings into a soil-like substrate 

(or technosol) for the establishment of sustainable plant and microbial communities, by applying a suite of abiotic and 
biotic inputs (organic matter, functional microorganisms and pioneer plants). Two primary barriers to the initiation of soil 
formation in the Fe ore tailings are (1) highly alkaline pH conditions that prohibit the colonization of tolerant native plants 
and soil microorganisms and (2) the fine texture, relatively benign mineral matrix and high mechanical properties. Functional 
sulfur-oxidizing bacteria (SOB), such as A. ferrooxidans, drive biological oxidation of elemental sulfur (S0) to form acids, 
which might neutralize alkaline Fe tailings and concomitantly transform Fe/Si-minerals in the tailings. To investigate the role 
of A. ferrooxidans in alkaline pH neutralization and mineral weathering under tailings’ conditions is hence warranted. Key 
questions to be answered might include (1) whether A. ferrooxidans could colonize and survive in the alkaline Fe ore tailings, 
(2) whether A. ferrooxidans could oxidize S0 for neutralization of neutralizing alkaline pH in the tailings and (3) whether A. 
ferrooxidans activities could stimulate Fe-bearing mineral weathering and secondary mineral formation in the tailings.


