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Currently, there is also little up to date information on the the current population status and life history traits of AmphiOctopus ovulum, a very often seen cephalopod species in the East China Sea. It is therefore important to figure out the seasonal spatial distribution of this species, both in terms of number and biomass, and the environmental variables which determine them. Additionally, climate change plays an important role in determining the characteristics of individual species and thus on the ecosystems they inhabit. We set out to understand the responses of A. ovulum to habitat variables and to make projections based on the climate change scenarios described in the IPCC’s SSP1-2.6 and SSP5-8.5 criteria. We carried out seasonal bottom trawling surveys in the East China Sea region during 2018 and 2019 to fill this knowledge gap. Our results showed that the average individual size values ranged from 17.80−43.00 g·ind-1 in spring and 23.49−33.00 g·ind-1 in summer; the measured sea bottom temperature, sea bottom salinity, and depth value ranges were 10.81−27.06°C, 31.73–35.25‰, and 91–103 m independently in spring to winter. Our study showed that A. ovulum was distributed in the area between 27°–29°N, 122.5°–125°E during spring to autumn, and expanded into the area between 26.5°–32.5°N, 121°–124.5°E in winter. The core habitat of A. ovulum was centered on the area between 27.5°–28°N, 122.5°–123.5°E, and can be expected to expand to the northeast and southwest independently under the most likely global warming scenarios. Our results will benefit the development of suitable conservation measures for cephalopod habitats, and incorporate the impacts of climate change into fisheries management programs.
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1 Introduction

Cephalopods form a vital part of marine ecosystems and have become commercially fished species in recent years. The FAO (2024) has reported that cephalopod catches reached a record of 3.90 million tonnes; in 2022, global cephalopod exports, including the taxa of octopus, squid, and cuttlefish, reached USD 14.30 billion, constituting 7.00% of the world’s total exports of aquatic animal products. A limited supply of octopus resulted in price increases after the COVID-19 pandemic (FAO, 2024). In contrast, populations of traditionally targeted, higher trophic level, economic fish species have been in continuous decline due to overfishing during recent decades, to the benefit of cephalopod populations (Rosa et al., 2019).

In China, the catches of Sepiella japonica have historically exceeded over 70,000 t annually in the East China Sea region (Qin et al., 2011). Prior to the 1970s the larger cephalopod species such as Sepiella maindroni, Sepia esculenta, Sepia latimanus, and Sepia pharaonis were the most caught species (Li et al., 2006). After the 1990s, the dominant species caught were Todarodes pacificus and Uroteuthis edulis, replacing S. maindroni, and after 2006 Octopus spp. became the focus of the fishing industry, especially in the coastal areas of the East China Sea (Zhu et al., 2014). (Liang et al. (2025) suggested that A. fangsiao was one of dominant species in Zhejiang coastal areas (Liang et al., 2025).

The benthic temperate species AmphiOctopus ovulum, is found in warm water areas, mainly in the Northwest Pacific including China and Japan. It inhabits the sea bottom in shallow areas, and releases eggs that attach to the stipes of macroalgae. Male and female adult individuals usually die shortly after spawning and brooding; embryos hatch into a planktonic stage and live for some time before they grow larger, and adopting a benthic lifestyle. No significant differences in genetic characteristics or life history traits have been found between populations inhabiting different geographical areas (Dou, 2017). Pang et al. (2020) suggested that AmphiOctopus fangsiao may migrate short distances along with seasonal changes and coastal currents (Pang et al., 2020).

In general, little is known about the species’ ecology and biology, especially regarding its seasonal spatial distribution patterns and characteristics. Furthermore, local fishermen are generally not able to distinguish the various Octopus spp. and combine them all together in their catch data reports to the government. For this reason, independent scientific survey data is important to understand the habitat distribution of A. ovulum.

In addition, climate change has increased since the 1850s (Checkley et al., 2017). In aquatic ecosystems, rising atmospheric CO2 levels are driving rapid climate changes (Le Quere, 2010). Atmospheric pCO2 increased from a preindustrial concentration of 280 ppm to more than 400 ppm (Keeling, 2016), whereas the seawater pH decreased by 0.11 units (IPCC (Intergov. Panel Clim. Change), 2013). Atmospheric CO2 concentrations are expected to reach 1000 ppm by the end of the current century (IPCC (Intergov. Panel Clim. Change), 2013). Demersal aquatic animals such as A. ovulum are often more vulnerable to climate change than pelagic aquatic animal communities (Zhu et al., 2022). Climate change can affect individuals and schools of aquatic animals, and consequently influence fisheries (Zhu et al., 2022). Yang et al. (2025) suggested that the annual mean habitat area of A. fangsiao will decrease under SSP1-2.6 by 2050, and increase under SSP1-2.6 by 2100 (Yang et al., 2025).

This study set out to assess the seasonal spatial distribution patterns of A. ovulum and correlate them with environmental variables, to understand how their habitats and distribution patterns may change under different climate scenarios. Our results should improve the conservation management efforts for this species. A better understanding of its distribution patterns is essential to understand the influences of environmental variables on this species, and to aid in improving ecosystem-based fisheries management strategies.




2 Method



2.1 Study areas and procedures

Independent scientific bottom trawling surveys were conducted in the southern Yellow and East China Seas during 2018 and 2019. The surveys used a trawl net with a cod end mesh size of 20.00 mm, towed by fisheries research vessels (the Zhongkeyu 211 and 212) in autumn (2–11 November 2018: 854.40 g·h−1 of total CPUEw and 38.50 ind·h−1 of total CPUEn), winter (4–27 January 2019: 883.96 g·h−1 of total CPUEw and 23.04 ind·h−1 of total CPUEn), spring (22 April–10 May 2019: 226.40 g·h−1 of total CPUEw and 6.00 ind·h−1 of total CPUEn), and summer (13 August–27 September 2019: 560.15 g·h−1 of total CPUEw and 19.54 ind·h−1 of total CPUEn). The study area covered 26.50°–35.00°N, 120.00°–127.00°E, and survey stations were determined using a sampling grid with dimensions of 30 min of latitude and 30 min of longitude (30’×30’) (Figure 1). The average trawl speed was three knots and all tows were conducted for 1 h duration at each station. The catches were analyzed in the laboratory to identify the species caught and assess their occurrence at each station. Each species was counted and weighed to the nearest 0.10 g of wet weight, and their catch density was calculated as biomass density per unit of sampling time (units: g·h−1) and density per unit of sampling time (units: ind·h−1). We identified the species of A. ovulum according to morphological characteristics including a near-oval brown-black patch with a purple circle inside it, located below the eyes, between the second and third wrist pair. Environmental variables, including water depth, water temperature, and salinity were collected at each station using a conductivity-temperature-depth profiler (SBE-19; SeaBird-Scientific, Bellevue, WA, USA) (Xu et al., 2023). The sea surface temperature (SST) and salinity (SSS) were measured at 3 m below the surface, and the sea bottom temperature (SBT) and sea bottom salinity (SBS) were measured 2.00 m above the sea bottom (at sea depths< 50.00 m) and 2.00–4.00 m above the bottom (at sea depths > 50 m). Ottersen et al. (2010) suggested that the oceanographic parameters of the sea surface are very important for ocean circulation patterns, vertical mixing, availability of nutrients, and subsequent marine ecosystem primary production, which appear to be the leading indicators and important drivers of marine fishery resource fluctuations (Ottersen et al., 2010). The average individual weight (AIW) was defined as the CPUE by weight (CPUEw) divided by the CPUE by number (CPUEn), at each station.




Figure 1 | Survey map information. (a) Map of the survey area (26.50° N–35.00° N 120.00° E–127.00° E), which is denoted by a dark blue solid line in the East China Sea region, including the Southern Yellow and East China Seas adjacent to the coastline of Fujian, Zhejiang, Shanghai, and Jiangsu. The color bar denotes the depth range from 0 m to 100 m. The red dashed line indicates the boundary between the Yellow Sea and East China Sea. The red arrows and texts indicate Huanghai coastal current, Taiwan warm current, and East China Sea coastal current. The yellow symbols and texts indicate Yellow Sea cold water and Kuroshio current. (b) Fishing grounds of (1) Haizhou Bay, (2) Lianqingshi, (3) Liandong, (4) Lvsi, (5) Dasha, (6) Shawai, (7) Yangtze river mouth, (8) Jiangwai, (9) Zhoushan, (10) Zhouwai, (11) Yushan, (12) Yuwai, (13) Wentai, (14) Wenwai, (15) Mindong, (16) Minwai, and (17) Minzhong.






2.2 Integrated models, future data and bias correction

The random forest (RF) and boosted regression trees (BRT) machine learning models are considered to be the most useful algorithmic models for studies such as this. Both RF and BRT were used to construct a combined model to predict aquatic animal habitat distribution ranges with reliable forecast performance (Liu et al., 2023; Liu et al., 2024a). Using the RF and BRT models, the two models with the maximum areas under the receiver operating characteristic curve (AUC) were then selected. In the context of this study, a high AUC value indicated that the model could better distinguish the location of species occurrence and non-occurrence and that the predicted results were more consistent with the actual distribution. To run the models, the data were categorized as either 0 (absent) or 1 (present), and a 70%:30% split was then randomly applied to independently train and test the data to develop 10 evaluation runs and construct the RF and BRT models using the cross-validation method.

Possible future climate data were taken from the World Climate Research Programme Coupled Model Intercomparison Project Phase 6 (CMIP6) (https://esgf-node.llnl.gov/search/cmip6/). The SSP1-2.6 scenario assumes a sustainable development future that emphasizes sustainability and low carbon emissions, with a stable radiative forcing of 2.6 W m–2 by 2100; in contrast, the SSP5-8.5 scenario assumes a fossil fuel-driven future characterized by high carbon emissions, with a stable radiative forcing of 8.5 W m–2 by 2100 (Riahi et al., 2017). The models used the average values from two of the CIMP6 models (IPSL-CM6A-LR and MPI-ESM1-2-LR) to represent future environmental parameters, including SST, SBT, SSS, and SBS, for the years 2040–2050 and 2090–2100. The future variations in habitat distributions for 2040–2050 and 2090–2100 under the SSP1-2.6 and SSP5-8.5 climate scenarios for the species caught were then explored, based on an optimal ensemble model (Liu et al., 2024b).

Climate models, although foundational, have intrinsic limitations that may introduce biases in projected environmental variables. These biases can potentially compromise the precision of species distribution models. To enhance the credibility of habitat distributions under future climate scenarios, bias correction of climate model raw data is essential. The delta method, a frequently used technique in fisheries habitat prediction, effectively mitigates such biases. We used this approach to calculate climate differences between contemporary and future datasets, applying corrections to raw data (Beyer et al., 2000; Räty et al., 2014). Specifically, for sea surface temperature, the delta method leverages discrepancies between observed and simulated baseline conditions (2000–2014) to adjust the simulations for time periods t (2040–2050 and 2090–2100).

Bias correction for time t at geographical location x is estimated as follows:

	

	

  represents the bias as the anomaly between observed and simulated temperatures at location x.   denotes the bias-corrected temperature forecasts, by adding the bias to the simulated temperature for time t in geographical location.




2.3 Ethical approval

The study was approved by the ethics committee of the East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences. It did not involve endangered or protected species listed in the China Red Data Book of Endangered Animals.





3 Results

The A. ovulum populations present in the Wentai fishing ground off the southern coast of Zhejiang showed AIW values ranging from 17.8–43 g·ind−1 in spring. They were distributed in the area between 28°N, 123°–124°E with AIW values ranging from 23.49–33 g·ind−1 in summer. The AIW values increased from 23.49 g·ind−1→26.6 g·ind−1→33 g·ind−1 with increasing eastward longitude from 123°E→123.5°E→124°E in summer. A. ovulum was distributed in the Wentai–Yushan fishing grounds in the autumn, with the smallest individual value of 10.3 g·ind−1 at 28°N, 125°E and the highest biomass of 446.7 g·h−1 at 28.5°N, 123°E. They expanded from Mindong to the Yangtze River fishing grounds with an AIW value range of 22–57.63 g·ind−1 in winter (Figure 2). The average AIW ranked winter > spring > summer/autumn compared with the average CPUEw which ranked summer > autumn > spring/winter (Table 1). Additionally, the AUC values obtained in this study with the RF and BRT methods for A. ovulum were 0.740 and 0.760, respectively.




Figure 2 | Seasonal distribution characteristics of CPUEw (unit: g h–1), shown in red (grouped into 0–25, 25–50, 50–75, 75–100, 100–150, 150–200, 200–300, and > 300 g h–1) and AIW (unit: g ind–1) shown in blue (grouped into 0–20, 20–30, 30–40, 40–50, and > 50 g ind–1) for AmphiOctopus ovulum. The values are represented by circle size. CPUEw in (a) spring, (b) summer, (c) autumn, (d) winter; AIW in (e) spring, (f) summer, (g) autumn, (h) winter.




Table 1 | Seasonal data for catch per unit effort by weight (CPUEw) and by number (CPUEn) and average individual weight (AIW) for AmphiOctopus ovulum from spring to winter.



The measured SBT and SBS value ranges were 10.81–27.06°C and 31.73–35.25‰ respectively (Table 2), and in a case of CPUEn = 24 ind·h−1 the measured SBT and SBS values were 21.33°C and 34.40‰, respectively, in autumn (Figure 3). The value range of the maximum depth at which A. ovulum was found from spring to winter was 91.00–103.00 m (Table 2), indicating the offshore distribution patterns of A. ovulum from spring to autumn. In contrast, the lower limit value of depth for A. ovulum in winter was 33.00 m (Table 2), indicating their inshore distribution at this time.


Table 2 | Seasonal in situ ranges of environmental variables in the study areaa.






Figure 3 | Relationship between sea bottom salinity (unit: ‰) and sea bottom temperature (unit: °C) for CPUEn sizes classified by group (0–10, 10–20, and 20–30 ind/h) of the species AmphiOctopus ovulum. The data for spring, summer, autumn, and winter are denoted by blue, light sky blue, green, and brown-red solid circles, respectively.



The measured SST value range of A. ovulum was similar in spring and autumn and showed a characteristically narrow range (Table 2). The SST and SBT value ranges were similar in summer and winter, while the SST value was 3.00–4.00°C higher than the SBT in spring and autumn (Table 2). The SSS value ranges were 33.46–34.53‰ in spring to autumn (Table 2), showing the species’ seasonal offshore distribution, and the SSS value increased to 31.60–34.29‰ in winter (Table 2), indicating their inshore distribution in winter. The SBS value range was ranked in spring > autumn > summer > winter (Table 2), showing the species offshore distribution pattern in spring, the influences of fresh water river runoff in summer, a more offshore distribution in autumn, and their occurrence in a larger range of SBS values in winter.

In terms of seasonal variations in distribution, A. ovulum were distributed in the Mindong–Wentai–Yushan fishing grounds in spring, before moving further north to the Zhoushan fishing ground and the offshore areas of the southern East China Sea in the summer, giving rise to a diagonal zone of distribution with its northeastern part in the southern and central East China Sea in autumn, and a winter distribution in the area 26.50°–27.50°N, 122.50°–123.00°E (Figure 4). The current distribution of A. ovulum covers the area 27.50°–28.00°N, 122.50°–123.50°E, but predictions of the effect of global warming on the distribution of their preferred sea temperature suggest probable future range expansion to the northeast and southwest independently (Figure 5a). Under the SSP1-2.6 climate scenario their range would cover 27.00°–29.00°N, 121.50°–125.00°E in 2050 (Figure 5b) and 27.00°–28.50°N, 122.00°–125.00°E in 2100 (Figure 5c). Under the SSP5-8.5 scenario their range would cover 26.50°–29.00° N, 121.00°–125.50° E in 2050 (Figure 5d) and 27.00°–29.00°N, 122.00°–125.50°E in 2100 (Figure 5e).




Figure 4 | Distribution patterns of AmphiOctopus ovulum in the study area predicted with the random forest and boosted regression trees methods in spring to winter. The bar colored in blue to red indicates the range from low (=0) to high (=1) suitability.






Figure 5 | Habitat distribution patterns of AmphiOctopus ovulum in the cases of (a) annual mean habitat; (b) SSP1-2.6 in 2050; (c) SSP1-2.6 in 2100; (d) SSP5-8.5 in 2050; and (e) SSP5-8.5 in 2100. The bar colored in blue to red indicates the range from low (=0) to high (=1) suitability.






4 Discussion

AmphiOctopus ovulum (Sasaki 1917) is a species of small to moderate size. Kubodera and Lu (2002) have confirmed that A. ovulum is distributed from the South China Sea to the waters around the Okinawa Islands and western Japan (Kubodera and Lu, 2002). This species was first reported as Polypus ovulum, and the first review of its taxonomy was reported by Sasaki (1929).

In terms of biomass and number, a survey indicated a mean CPUEw order of Sepia esculenta > Sepia kobiensis > Sepiella maindroni > Loliolus beka > A. ovulum > Loliolus uyii in spring; S. esculenta > S. maindroni > S. kobiensis > A. ovulum > L. uyii > L. beka in summer; S. esculenta > L. beka > S. maindroni > S. kobiensis > L. uyii > A. ovulum in autumn; and S. esculenta > S. maindroni > S. kobiensis > L. beka > A. ovulum > L. uyii in winter (Dou, 2017; Pang et al., 2020; Liang et al., 2025). The mean CPUEn order was S. kobiensis > L. beka > L. uyii > S. esculenta > S. maindroni > A. ovulum in spring; S. esculenta > S. maindroni > S. kobiensis > L. uyii > A. ovulum > L. beka in summer; L. beka > S. kobiensis > L. uyii > S. esculenta > A. ovulum > S. maindroni in autumn; and L. beka > S. kobiensis > L. uyii > S. maindroni > A. ovulum > S. esculenta in winter (Xu et al., 2024a; Xu et al., 2024b; Xu et al., 2024c).

With the intensification of CO2 emissions, Xu et al. (2024a), Xu et al. (2024b), Xu et al. (2024c) and Yang et al. (2025) argued that the habitat of Sepiella maindroni would shift to the south first and then to the north, and it would first expand and then greatly decrease; the habitat area of Sepia kobiensis would be decreasing; the habitat area of A. fangsiao will shrink significantly; Octopus variabilis will shift northward offshore (Pang et al., 2020; Yang et al., 2025). This study has some limitations. Specifically, the methods used in this study have potential risk of overfitting in predicting future distributions of both species under different climate scenarios (Torrejón-Magallanes et al., 2021). In the future, greater understanding of early life history traits, migration routes, and the variations in number and biomass corresponding to changes in environmental variables will be necessary to better protect species stocks.

The main results of our study can be summarized as follows:

	AmphiOctopus ovulum is distributed in the area 27.00°–29.00°N, 122.50°–125.00°E in spring to autumn, and expands to the area 26.50°–32.50°N, 121.00°–124.50°E in winter.

	The measured sea bottom temperature and sea bottom salinity values indicate the species offshore distribution pattern in spring, the influences of fresh water river runoff in summer, a more offshore distribution in autumn, and the occurrence in a larger varying environmental range in winter.

	The core habitat of A. ovulum is in the area 27.50°–28.00°N, 122.50°–123.50°E, and this area would expand to the northeast and southwest independently in the future under the influence of global warming.
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