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Global Distribution of the Giant Squid Architeuthis dux: A Systematic Review with Special Focus on the Sea of Japan Hotspot


ABSTRACT
Giant squids are among the most elusive megafauna in marine ecosystems, historically documented primarily through sporadic strandings and the stomach contents of deep-diving predators. This paper presents a systematic review of confirmed sightings, captures, and strandings of Architeuthis dux on a global scale, with a particular focus on the Sea of Japan. Unlike other regions where encounters remain exceptional, the Sea of Japan has recently emerged as a significant biological hotspot, characterized by an extraordinary frequency of records in coastal waters. These cases are examined through the lens of local oceanographic drivers, specifically the influence of the Tsushima Warm Current and the thermal constraints that lead to seasonal mass strandings during winter months. Furthermore, this study compares classical and modern methodologies for detecting the presence of these cephalopods, providing a consolidated framework based on data through late 2025.	Comment by RePack by Diakov: The abstract should include the method and results, but unfortunately, they are not included in this abstract.
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INTRODUCTION
The giant squid Architeuthis dux is classified within the class Cephalopoda, order Oegopsida, and family Architeuthidae. It is one of the largest known invertebrates, with specimens estimated to reach lengths exceeding 13 meters (Paxton, 2016). Biologically, it exhibits typical cephalopod characteristics: an elongated body, a well-developed head, enormous eyes, and ten appendages, eight arms and two long, prehensile tentacles used to capture prey, mainly fish and other molluscs (Regueira et al., 2014). It is a known prey of the sperm whale, as evidenced by sucker marks found on adult cetaceans and beaks recovered from their stomachs (Clarke and Pascoe, 1997).	Comment by RePack by Diakov: Based on topic of the manuscript, it would be better to discuss how squid are dispersed in different oceans.
Sightings of the giant squid remain rare and largely incidental to this day, and studying it in its natural habitat proves extremely challenging, as it dwells at great depths (Kubodera and Mori, 2005). Exploration efforts continue to be costly, requiring the use of advanced technologies and expensive underwater equipment (Singh et al., 2022). Although the giant squid has long captured the collective imagination, often featuring prominently in legends and maritime folklore, it remains a creature about which we still know very little (Roper and Shea, 2013).
The aim of this research is to assess the presence and distribution of Architeuthis dux on a global scale, comparing it with local distribution patterns and analysing the oceanographic, ecological, and anthropogenic factors that may explain the high frequency of sightings in specific areas compared to others.

MATERIALS AND METHODS
The present work is based on a systematic and critical review of the scientific literature and historical records concerning the presence and distribution of the species Architeuthis dux. The primary objective is to document the transition of the Sea of Japan from an area of anecdotal sightings to a global hotspot for the study of large cephalopods, comparing these data with the global biogeographical context and analysing the oceanographic drivers that determine this density of records. Data collection was conducted following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (Page et al., 2021), consulting international databases (Scopus, Web of Science, Google Scholar) and Japanese regional databases (CiNii, J-STAGE) for the period between 1900 and 2025.
[bookmark: _GoBack]To maximize data recovery, the following Boolean search string was utilized: ("Architeuthis dux" OR "Architeuthis" OR "giant squid") AND ("distribution" OR "occurrence" OR "stranding" OR "bycatch" OR "Sea of Japan" OR "East Sea" OR "Tsushima Current"). For Japanese databases, the search was integrated with terms in the local language ("ダイオウイカ" AND "日本海"), which were fundamental for accessing technical reports from coastal prefectures and bulletins from experimental fishing stations. Inclusion criteria encompassed peer-reviewed articles, conference proceedings, verified technical reports of strandings and accidental captures in fixed nets (set-nets), as well as video and photographic documentation confirmed by experts. Anecdotal reports lacking biological verification were excluded.	Comment by RePack by Diakov: How do you estimate squid abundance in the northern Indian Ocean, Arabian Sea, or Persian Gulf? Most of the data in this section is published in Arabic, Hindi, or Persian.
[bookmark: _Hlk220082344]Spatial distribution was analyzed and visualized using QGIS 3.33 Bialowieza software (QGIS Development Team, 2024), developing a global map to identify population connectivity. Finally, environmental data (temperature and salinity) were extracted from the Japan Oceanographic Data Center (JODC, 2026) to analyze the interaction between the species' physiology and the seasonal cooling of the basin's surface waters (Brix, 1983).

RESULTS AND DISCUSSION
[bookmark: _Hlk219206958]Global Distribution and Quantitative Analysis
Based on 2011 data from Guerra and colleagues, the number of confirmed giant squid specimens up to 2011 was 677 (Guerra et al., 2011), to which documented sightings up to the present day must be added, resulting in a total estimated count of at least 836 specimens (Roper et al., 2015; Wada et al., 2015; Higuchi et al., 2016; Kubodera et al., 2016; Leite et al., 2016; Funaki, 2017; Kemper, 2017; Romanov et al., 2017; Shimada et al., 2017; Ichisawa et al., 2018; Robinson et al., 2021; Kubodera et al., 2021).
Globally, the majority of giant squid findings are roughly evenly split between the Pacific Ocean (395 specimens, approximately 47.25%) and the Atlantic Ocean (390 specimens, approximately 46.65%), indicating a strong preference for open oceans in temperate and subpolar regions rather than equatorial and tropical waters (47 specimens, approximately 5.62%), semi-enclosed basins such as the Mediterranean Sea (4 specimens, approximately 0.48%), and the still poorly explored polar waters. Despite the limited knowledge of the detailed distribution of the giant squid, due to the challenges in sampling these deep-sea and rare organisms (Roper and Shea, 2013), certain areas stand out as having higher abundances of sightings, namely the Pacific waters around Japan (Wada et al., 2015), Australia (Landman et al., 2004), and New Zealand (Bolstad and O’Shea, 2004), as well as the Atlantic waters near Spain (Guerra et al., 2004), South Africa (Roeleveld and Lipinski, 1991), and Newfoundland in Canada (Roper et al., 2015), each with more than 50 recorded specimens. The highest peak occurs in Japanese waters, where over 100 giant squids have been documented, as illustrated in the map (Fig. 1).	Comment by RePack by Diakov: It is best to show this data in a table and compare it with each other using a graph.
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Figure 1. Global map of Architeuthis dux specimen findings (Updated through late 2025).	Comment by RePack by Diakov: It would be better to show the types of ocean currents on a map and examine the relationship between these warm and cold water currents, surface and deep currents, and squid migration.
[bookmark: _Hlk219207726]The possible reasons for a higher frequency of giant squid sightings in these areas can be attributed to a combination of favourable oceanographic features, such as the frequent presence of cold or western boundary currents rich in nutrients, like the Labrador Current in eastern Canadian waters and the Benguela Current in South Africa, and zones of permanent upwelling, as seen in South Africa, or seasonal upwelling, as occurs in southeastern Australia and northern Spain. These conditions promote the establishment of highly productive ecosystems abundant in potential prey (Carr and Kearns, 2003).
Therefore, these environmental contexts appear to favour not only the presence but also a certain stability of Architeuthis dux populations, offering habitats consistent with their ecological requirements. This species is highly adapted to life in deep waters, where it can utilise currents for long-range movements and access specific feeding niches (Guerra et al., 2010). Additionally, there is often an intensification of scientific research and industrial fishing activities in these areas (Kubodera and Mori, 2005). The most complete recoveries and the most detailed sightings have indeed occurred near oceanic ridges, upwelling zones, or deep continental slopes, confirming a direct correlation between underwater topography and the presence of the giant squid (Guerra et al., 2011).
[bookmark: _Hlk220081155][bookmark: _Hlk220014236]It is important to highlight that, starting from 2011, the number of confirmed A. dux reports has increased significantly, probably due to the growing use of technologies such as remotely operated vehicles (ROVs) equipped with bait, which enhance the likelihood of encountering giant squids (Robinson et al., 2021). A particularly exceptional event, never recorded in other parts of the world, was observed in the Sea of Japan between January 2014 and March 2015, during which 57 specimens were documented within a period of 15 months, attributed both to direct scientific observations and accidental captures by the Japanese fishing fleet and set-nets, as well as the dynamics of the Tsushima Warm Current (Kubodera et al., 2018). Originating as a branch of the Kuroshio, this current enters through the Korea Strait and transports warm, saline water northeastwards along the western coast of Japan (Ichikawa and Beardsley, 2002). The peak in A. dux sightings has been identified as a direct consequence of anomalous heat transport by the Tsushima Current during those winters (Kubodera et al., 2018). In fact, it has been observed that thermal stress, driven by warm water currents bringing temperatures above 15°C, drastically reduces the affinity of hemocyanin for oxygen, suggesting that squids may die of suffocation due to impaired arterial saturation (Brix, 1983). Data consolidated in late 2025 seem to confirm that the recovery rate has returned to its historical baseline prior to the 2015 anomaly.
The study of the giant squid has long posed a challenge for scientific research due to its deep and inaccessible habitat, leading to the development of various techniques, both classical and modern, direct and indirect, for its investigation. Historically, direct observations of the giant squid have relied almost exclusively on occasional strandings of specimens, which have provided valuable information on the morphology of the cephalopod (Guerra et al., 2004), and on the discovery of their beaks in the stomach contents of large apex predators, such as sperm whales or sharks (Clarke and Roper, 1998), which has also revealed cannibalistic behaviour within A. dux (Bolstad and O’Shea, 2004). Indeed, the keratinous beaks of the giant squid are not digested and accumulate in the stomachs of these predators, offering indirect evidence of the squid’s presence in a given area (Roeleveld, 2000). However, these techniques are based on rare and unpredictable events and are limited by their inability to provide data on the behaviour, ecology, or active distribution of A. dux (Cherel et al., 2009). In the context of the Sea of Japan, this 'passive' collection has been uniquely integrated through the use of commercial set-nets (fixed nets). These structures provide systematic monitoring along the coasts of the Toyama and Niigata prefectures, frequently capturing specimens in good physiological condition for further analysis (Murai et al., 2021).
The use of advanced technologies, such as ROVs, has marked a significant turning point, especially in the North-West Pacific, where high-definition cameras and luminous lures were used to capture the first live images of A. dux in its natural environment (Kubodera and Mori, 2005). However, high mission costs and complex logistics make systematic large-scale deployment difficult (Singh et al., 2022). Furthermore, the impact of acoustic technologies remains a concern: intense pulses from seismic surveys have been linked to lethal internal injuries to the statocysts of A. dux, causing disorientation and mass strandings (Guerra et al., 2011). Recently, marine biology has benefited from advances in molecular genetics; the sequencing of the A. dux genome in 2020 opened new perspectives on its physiology and adaptation to extreme environments (da Fonseca et al., 2020). The analysis of environmental DNA (eDNA) through water mass sampling, such as those transported by the Tsushima Current, now allows for the detection of genetic fragments of the species even in the absence of the animal itself (Merten et al., 2021), although challenges such as DNA degradation and dilution in deep waters complicate data interpretation (McCartin et al., 2022; Chang et al., 2025). Another emerging technique is the analysis of stable isotopes of carbon (δ¹³C) and nitrogen (δ¹⁵N) in soft tissues or beaks, which allows for the reconstruction of the animal's diet and migratory movements (Cherel et al., 2009; Guerra et al., 2010). In a rapidly changing oceanic context, understanding the biology of this species is also fundamental for assessing its vulnerability to climate change, such as global warming. In the Sea of Japan, where the thermocline is extremely sharp, this phenomenon is a primary driver of winter strandings, making the integration of robotics, genomics, and monitoring of fishing activities a fundamental goal for the future conservation of deep-sea biodiversity.

CONCLUSION
In conclusion, this systematic review underscores that Architeuthis dux is not merely a sporadic visitor of the deep oceans, but a species whose distribution is strictly governed by specific oceanographic thresholds. The Sea of Japan, as highlighted by the data collected in this study, represents a unique natural laboratory for studying the vulnerability of deep-sea megafauna to climate-driven changes. Our findings confirm that the high frequency of strandings in this region is a direct consequence of the 'thermal trap' created by the Tsushima Warm Current. Furthermore, the stabilization of sightings observed in recent data suggests a return to historical baseline patterns after a period of significant thermal anomalies.
Looking forward, the adoption of modern methodologies, particularly eDNA and stable isotope analysis, will be crucial for monitoring these elusive cephalopods without relying solely on accidental deaths or strandings. Future research should prioritize the integration of real-time satellite oceanographic data with biological monitoring to predict mass stranding events and mitigate the impact of anthropogenic activities on these deep-sea giants.
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