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Abstract 

Temperature is a key determinant of species distributions in ectotherms, yet low-temperature tolerance 

remains poorly understood in cone snails of the genus Conus. This study quantified the lower critical 

temperatures for locomotor activity in five Conus species (C. coronatus, C. ebraeus, C. fulmen, C. lividus, 

and C. pulicarius) using adult specimens under controlled laboratory conditions. We predicted that southern-

ranging species would exhibit greater sensitivity to low temperatures than the more northerly distributed C. 

fulmen. Individuals were exposed to stepwise decreases in temperature, and the temperature at which 

locomotor activity ceased was recorded. The lower critical temperature was lowest in C. fulmen (mean 6.0 °C), 

whereas the other species exhibited similar values ranging from 9.7 to 11.5 °C, supporting our prediction. 

These findings indicate lower cold tolerance in the southern-ranging species than in C. fulmen, broadly 

supporting the predicted relationship between low-temperature sensitivity and geographic distribution. 

Because the present study evaluated locomotor inactivity but not survival or recovery after prolonged low-

temperature exposure, further studies are needed to clarify the ecological significance of these activity 

thresholds. The thermal thresholds estimated here provide useful baseline information for evaluating cold 

tolerance in Conus species. 
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Introduction 

Temperature strongly influences the behavior, 

physiology, growth, and survival of ectotherms and is 

a key determinant of their geographic distributions 

(Pörtner 2001; Sunday et al. 2011, 2019; Araújo et al. 

2013; Hoffmann et al. 2013). In particular, low-

temperature tolerance is closely associated with 

latitudinal patterns, with lower thermal limits 

generally decreasing toward higher latitudes (Sunday 

et al. 2011, 2019; Hoffmann et al. 2013). Therefore, 

examining low-temperature tolerance is essential for 

understanding species distributions and predicting 

responses to ongoing climate change. 

Cone snails of the genus Conus constitute one of the 

most diverse groups of benthic marine gastropods, 

occurring primarily in tropical and temperate waters 

worldwide (Kohn and Perron 1994; Röckel et al. 

1995; Peters et al. 2013). They are venomous 

predators that use a specialized radular tooth to inject 

neurotoxins for rapid prey capture and exhibit strong 

trophic specialization on worms, mollusks, or fishes 

(Kohn 1956; Duda et al. 2001; Olivera et al. 2014; 

Fiorotti et al. 2023). Although envenomation can be 

harmful to humans (Kohn 2016), their venoms are 

also of considerable pharmacological interest, 

particularly for the development of novel analgesics 

(Pennington et al. 2018; Safavi-Hemami et al. 2019; 

Trevisan and Oliveira 2022). 

Assessing cold tolerance in ecologically and 

medically important Conus species is essential for 

evaluating their potential for northward range 

expansion. Lower thermal response in Conus has 

been examined in embryos of four species (C. 

ebraeus Linnaeus, 1758; C. fulmen Reeve, 1843; C. 
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lividus Hwass, 1792; and C. pulicarius Hwass, 1792) 

and in veliger larvae of two species (C. fulmen and C. 

pulicarius) with different geographic distributions 

(Ogama et al. 2026; Ueda et al. 2026). These 

laboratory studies showed that lower threshold 

temperatures for embryonic and larval development 

tended to be lowest in C. fulmen, the species with the 

northernmost distribution. 

Ueda et al. (2026) further suggested that although 

summer temperatures in waters surrounding Japan 

may allow larval survival and development of 

southern Conus species, overwintering success after 

settlement may be an important factor determining 

their northern range limits. Accordingly, a 

comprehensive assessment of thermal tolerance in 

juvenile and adult stages is needed to determine 

whether Conus populations can become established 

and persist over the long term beyond their current 

distribution. 

In this study, we investigated the lower critical 

temperatures for locomotor activity in five Conus 

species (C. coronatus Gmelin, 1791; C. ebraeus; C. 

fulmen; C. lividus; and C. pulicarius) using adult 

specimens under controlled laboratory conditions. 

The geographic distributions of these species are 

summarized as follows (Hori 2017): C. fulmen 

inhabits sandy gravel substrates from the intertidal 

zone to depths of 100 m and ranges from the Oga 

Peninsula (~40°N) on the Sea of Japan coast and the 

Boso Peninsula (~35°N) on the Pacific coast of Japan 

southward to Taiwan. In contrast, the other four 

species primarily inhabit rocky shores or coral reefs 

at shallower depths (to ~75 m) and are distributed 

from central Japan (~33–35°N) throughout the 

tropical Indo–West Pacific. Based on these 

differences in latitudinal distribution, we predicted 

that the southern-ranging species would exhibit 

greater sensitivity to low temperatures than the more 

northerly distributed C. fulmen. This study aimed to 

provide baseline information on interspecific 

variation in cold tolerance in adult Conus species. 

Materials and Methods 

Test specimens 

Two experiments were conducted. In experiment 1, 

15 individuals each of C. coronatus and C. ebraeus 

were collected from the intertidal zone of 

Ishigakijima Island (24°19′–27′N, 124°11′–12′E) in 

late September 2021. Specimens were transported to 

the laboratory at the Tokyo University of Marine 

Science and Technology and maintained for two 

weeks prior to the low-temperature tolerance 

experiment in glass aquaria (60 × 30 × 36 cm; 55 L) 

containing artificial seawater (salinity 34 ppt; Sealife, 

Nihonkaisui, Tokyo, Japan) at approximately 24 °C 

under a natural photoperiod. 

In experiment 2, 17 C. fulmen, 26 C. ebraeus, 5 C. 

lividus, and 12 C. pulicarius were used. These 

specimens had been previously maintained under 

laboratory conditions for spawning in a prior study 

(Ogama et al. 2026). C. fulmen was maintained at 

approximately 24 °C, whereas the other species were 

maintained at approximately 26 °C under a natural 

photoperiod. Specimens of C. fulmen were collected 

from the intertidal zone of the Boso Peninsula 

(34°57′N, 139°45′–46′E) in May, August, and 

October 2021. Specimens of the other species were 

collected from Ishigakijima Island as follows: C. 

ebraeus and C. lividus in May 2022, and C. pulicarius 

in June 2021 and 2023. Individuals of C. pulicarius 

collected in different years were pooled; therefore, the 

exact collection year of each individual could not be 

determined. 

In both experiments, shell lengths ranged from 

approximately 2 to 6 cm, and sex could not be 

determined externally. All specimens were fed once, 

one week prior to the initiation of the low-temperature 

experiments. The piscivorous species C. fulmen was 

provided with one small fish (e.g., gobies) per 

individual, whereas the vermivorous species were 

each provided with ten annelid worms, Perinereis 

nuntia (Lamarck, 1818), per individual. 
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Low-temperature tolerance experiment 

Experiment 1 was conducted from October to 

November 2021, and experiment 2 from July to 

November 2024. Low-temperature tolerance was 

evaluated by exposing specimens to stepwise 

decreases in temperature using temperature-

controlled water baths under a natural photoperiod. 

Temperature was regulated using chillers (Nisso 

Aqua Cooler Slim 202, Marukan, Osaka, Japan; Cool 

Way BK-C120, GEX, Osaka, Japan) in combination 

with aquarium heaters. 

Each specimen was held individually in a lidded 

cylindrical transparent plastic container (upper 

diameter 95 mm, height 95 mm, bottom diameter 58 

mm) containing an approximately 5 mm layer of coral 

sand substrate. Each container was filled with 300 mL 

of artificial seawater (34 ppt), initially maintained at 

approximately 24 °C and gently aerated using a 

Pasteur pipette. After 48 h, specimens were assessed 

as active or inactive, and the water-bath temperature 

was reduced by 1 °C. 

Specimens were considered active when they 

attached to the bottom or wall of the container using 

the foot and extended the siphon from the shell 

aperture. Inactive individuals were inverted (aperture 

facing upward) and reexamined after 48 h. If they 

remained inverted, they were classified as inactive at 

the previous observation time. Every 48 h, specimens 

were transferred to clean containers with freshly 

prepared seawater equilibrated to the same 

temperature prior to further temperature reduction. 

This procedure was repeated until all individuals 

ceased activity. The activity rate for each species was 

calculated as (number of active individuals / total 

number of specimens) × 100. Shell length of 

individuals that ceased activity was measured to the 

nearest 0.01 mm using digital calipers. 

Water temperature in each bath was recorded at 30-

min intervals using a data logger (Thermochron SL 

type, KN Laboratories, Osaka, Japan) placed in a 

control container without specimens. For each 

observation period, the experimental temperature was 

calculated as the mean of all recorded values over the 

preceding 48 h, and this value was used to estimate 

the lower critical temperature at which each 

individual ceased activity. 

 

Statistical analysis 

All statistical analyses were performed in R (version 

4.5.2; R Core Team 2025), with the significance level 

set at α = 0.05. Data from both experiments were 

combined for analysis; however, C. ebraeus from 

each experiment was treated as a separate group. 

A linear model was used to compare lower critical 

temperatures (response variable) among species 

while accounting for body size. The explanatory 

variables were species, shell length (SL), and their 

interaction (critical temperature ~ species + SL + 

species × SL). The significance of explanatory 

variables was assessed using Type II F-tests 

implemented via the Anova function in the car 

package (Fox and Weisberg 2019). 

Because neither shell length nor the interaction 

between species and shell length was statistically 

significant, these terms were removed from the final 

model. Pairwise comparisons of estimated marginal 

means of critical temperatures among species were 

then conducted using the emmeans function with 

Tukey’s method for multiple comparisons from the 

emmeans package (Lenth 2024), based on the 

reduced model (critical temperature ~ species). 

 

Results 

In experiment 1, one C. coronatus individual ceased 

activity at 22.2 °C (Fig. 1A). However, the activity 

rate declined sharply below 12 °C, and all individuals 

were inactive at 10.1 °C. In C. ebraeus, activity 

decreased gradually below 14 °C, and all individuals 

ceased activity at 9.4 °C. 

In experiment 2, similar activity patterns were 

observed in C. lividus and C. pulicarius: activity rates 

declined sharply below 12 °C, and all individuals 
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Fig. 1. Changes in activity rate of cone snails in the 

genus Conus in response to decreasing temperature 

regimes: C. coronatus and C. ebraeus in experiment 

1 (A), and C. fulmen, C. ebraeus, C. lividus, and C. 

pulicarius in experiment 2 (B). 

 
Fig. 2. Lower critical temperatures at which 

individual specimens of five Conus species ceased 

activity in relation to shell length. Species names in 

the legend are enclosed by solid squares for 

experiment 1 and by dotted squares for experiment 2. 

 
Fig. 3. Estimated marginal means of lower critical 

temperatures for activity in five Conus species from 

experiments 1 and 2. Abbreviations: Cc, C. coronatus; 

Ce, C. ebraeus; Cf, C. fulmen; Cl, C. lividus; and Cp, 

C. pulicarius. Vertical lines indicate 95% confidence 

intervals. Different lowercase letters above the bars 

indicate significant differences among species (p < 

0.0001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ceased activity at 9.5 °C (Fig. 1B). In C. ebraeus, 

activity also declined below 12 °C, and all individuals 

became inactive at 7.5 °C. In contrast, C. fulmen 

remained active at lower temperatures, with activity 

declining below 7 °C and all individuals becoming 

inactive at 5.3 °C. 

The relationship between shell length and lower 

critical temperature for activity is shown for each 

species in Fig. 2. One C. coronatus individual that 

became inactive at a relatively high temperature was 

excluded from this analysis. Linear model analysis 

indicated that critical temperature differed 

significantly among species (F₅ ,₇₃  = 32.23, p < 

0.0001), but was not significantly affected by shell 

length (F ₁ , ₇ ₃  = 0.321, p = 0.5726) or by the 

interaction between species and shell length (F₅,₇₃ = 

1.201, p = 0.3175). 

Estimated marginal means (95 % confidence 

intervals) of lower critical temperature were 10.60 °C  

 

 

 

 

 

 

 

 

 

 

 

 

 

(10.09–11.11 °C) for C. coronatus and 11.45 °C 

(10.95–11.94 °C) for C. ebraeus in experiment 1, and 

5.98 °C (5.44–6.51 °C) for C. fulmen, 9.67 °C (9.29–

10.04 °C) for C. ebraeus, 10.30 °C (9.44–11.16 °C) 

for C. lividus, and 10.42 °C (9.86–10.97 °C) for C. 

pulicarius in experiment 2 (Fig. 3). The lower critical 

temperature of C. fulmen was significantly lower than 

those of the other species, which were similar to one 

another. In addition, the lower critical temperature of 

C. ebraeus differed significantly between 

experiments, being lower in experiment 2 than in 

experiment 1. 
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Discussion 

Our experiments successfully determined the lower 

critical temperatures for activity in five Conus species. 

The mean lower critical temperature was lowest in C. 

fulmen (6.0 °C), whereas the other species exhibited 

similar values ranging from 9.7 to 11.5 °C (Fig. 3). 

However, it should be noted that the lower critical 

temperature of C. ebraeus differed significantly 

between experiments, being higher in experiment 1 

(11.5 °C) than in experiment 2 (9.7 °C). 

Acclimation temperature is well known to strongly 

influence thermal tolerance in aquatic ectotherms, 

including mollusks, crustaceans, and fishes, with 

critical temperatures generally increasing with 

increasing acclimation temperature (e.g., Stillman 

2004; Noyola et al. 2013; Yanar et al. 2019; Reyes-

Avalos et al. 2023; Re-Araujo et al. 2025). In 

experiment 2, C. ebraeus individuals had been 

maintained at a constant temperature of 

approximately 26 °C for two years prior to testing. In 

contrast, in experiment 1, individuals were 

maintained at 24 °C for only two weeks and were 

tested within one month of collection in late 

September. Therefore, prior exposure of C. ebraeus 

to higher summer temperatures (approximately 

30 °C) in the coral lagoon of Ishigakijima Island 

before collection may explain the higher lower 

critical temperatures observed in experiment 1 

compared with experiment 2. 

In experiment 2, long-term maintenance under 

constant temperature conditions may also have 

influenced thermal tolerance, as C. lividus were 

maintained for two years, C. pulicarius for 1–3 years 

at 26 °C, and C. fulmen for three years at 24 °C. Even 

so, lower critical temperatures for activity were 

consistently higher in the southern species than in the 

more northerly distributed C. fulmen (Fig. 3), 

supporting our initial prediction. 

This interspecific difference in low-temperature 

tolerance is broadly consistent with the geographic 

distributions of these species in Japan, but the 

ecological significance of these activity thresholds 

should be interpreted with caution. The present study 

evaluated the temperature at which locomotor activity 

ceased under stepwise cooling conditions, but did not 

examine survival duration, feeding ability, or 

recovery after rewarming. Therefore, inactivity at low 

temperature should not be interpreted directly as 

mortality or overwintering failure. Individuals that 

cease locomotor activity may survive for some period 

under low-temperature conditions and could 

potentially resume activity when water temperatures 

rise. 

Acclimation temperature may also have influenced 

the cold tolerance of specimens in our experiments. To 

obtain more reliable thermal indices for evaluating 

overwintering success, future studies should examine 

survival, feeding activity, and recovery after prolonged 

low-temperature exposure while explicitly accounting 

for acclimation effects across developmental stages 

from juveniles to adults. Seasonal water-temperature 

profiles near distributional limits should also be 

considered, because overwintering success is likely to 

depend not only on the minimum temperature reached 

but also on the duration of exposure to temperatures 

below the activity threshold. Such studies would help 

clarify whether low-temperature tolerance during 

juvenile and adult stages contributes to the long-term 

establishment and persistence of Conus populations 

near their northern range limits. 



6 

 

Aquatic Animals 2026 | July 4 | Ogama et al. AA2026-51 

 

Acknowledgments 

We thank the members of our laboratory for their 

valuable assistance with specimen collection and 

laboratory maintenance. We are also grateful to the 

anonymous reviewer for constructive comments and 

suggestions, which helped us improve the clarity and 

interpretation of the manuscript. This study was 

supported by JSPS KAKENHI Grant Number 

JP21K12266 to KH. 

 

References 

Araújo, M. B., Ferri-Yáñez, F., Bozinovic, F., 

Marquet, P. A., Valladares, F., Chown, S. L. 

(2013). Heat freezes niche evolution. Ecol. Lett. 

16: 1206–1219. 

Duda, T. F., Kohn, A. J., Palumbi, S. R. (2001). 

Origins of diverse feeding ecologies within 

Conus, a genus of venomous marine gastropods. 

Biol. J. Linn. Soc. 73: 391–409. 

Fiorotti, H. B., Figueiredo, S. G., Campos, F. V., 

Pimenta, D. C. (2023). Cone snail species off the 

Brazilian coast and their venoms: a review and 

update. J. Venom Anim. Toxins Incl. Trop. Dis. 

29: e20220052. 

Fox, J., Weisberg, S. (2019). An R Companion to 

Applied Regression. 3rd Edition. Sage 

Publications, Thousand Oaks, CA. 

Hoffmann, A. A., Chown, S. L., Clusella-Trullas, S. 

(2013). Upper thermal limits in terrestrial 

ectotherms: how constrained are they? Funct. 

Ecol. 27: 934–949. 

Hori, S. (2017). Family Conidae. In: T. Okutani (Ed.) 

Marine Mollusks in Japan. The second edition. 

Tokai University Press, Hiratsuka, p. 1000–

1013. 

Kohn, A. J. (1956). Piscivorous gastropods of the 

genus Conus. PNAS 42: 168–171. 

Kohn, A. J., Perron, F. E. (1994). Life History and 

Biogeography – Patterns in Conus. Oxford 

University Press, New York, NY. 

Kohn, A. J. (2016). Human injuries and fatalities due 

to venomous marine snails of the family 

Conidae. Int. J. Clin. Pharmacol. Ther. 54: 524–

538. 

Lenth, R. (2024). emmeans: Estimated Marginal 

Means, Aka Least-Squares Means. R package 

version 1.10.5. https://rvlenth.github.io/ 

emmeans/. 

Noyola, J., Caamal-Monsreal, C., Díaz, F., Re, D., 

Sánchez, A., Rosas, C. (2013). 

Thermopreference, tolerance and metabolic rate 

of early stages juvenile Octopus maya 

acclimated to different temperatures. J. Therm. 

Biol. 38: 14–19. 

Ogama, F., Hamasaki, K., Fujino, K., Otani, A., 

Suzuki, S., Ueda, Y., Sanda, T., Dan, S. (2026). 

Effects of temperature on embryonic survival 

and development in four cone snail species 

(Gastropoda: Neogastropoda: Conidae) under 

laboratory conditions. Molluscan Res. 46. 

doi:10.1080/13235818.2026.2656956. 

Olivera, B. M., Corneli, P. S., Watkins, M., Fedosov, 

A. (2014). Biodiversity of cone snails and other 

venomous marine gastropods: evolutionary 

success through neuropharmacology. Annu. Rev. 

Anim. Biosci. 2: 487–513. 

Pennington, M. W., Czerwinski, A., Norton, R. S. 

(2018). Peptide therapeutics from venom: 

current status and potential. Bioorg. Med. Chem. 

26: 2738–2758. 

Peters, H., O’Leary, B. C., Hawkins. J. P., Carpenter, 

K. E., Roberts, C. M. (2013). Conus: first 

comprehensive conservation red list assessment 

of a marine gastropod mollusc genus. PLoS 

ONE 8: e83353. 

Pörtner, H. O. (2001). Climate change and 

temperature-dependent biogeography: oxygen 

limitation of thermal tolerance in animals. 

Naturwissenschaften 88: 137–146. 

R Core Team (2025). R: A Language and 

Environment for Statistical Computing. R 

Foundation for Statistical Computing, Vienna, 

Austria. https://www.R-project.org/. 

Re-Araujo, A. D., Díaz, F., Sánchez-Ovando, J. P., 

Lafarga-De la Cruz, F., Álvarez-Lee, L., 

Angeles-Gonzalez, L. E. (2025). Thermal 

biology and metabolic scope of two species of 

juvenile gastropod mollusks inhabiting kelp 

forests. Zool. Stud. 64: 06. 

Reyes-Avalos, W., Melgarejo-Velásquez, G., 

Yzásiga-Barrera, C., Ferrer-Chujutalli, K. 

(2023). Thermal tolerance of the male 

freshwater prawn Cryphiops caementarius 

exposed to different acclimation temperatures. J. 

Therm. Biol. 113: 103494. 

Röckel, D., Korn, W., Kohn, A. J. (1995). Manual of 

the Living Conidae. Volume 1: Indo-Pacific 

region. Verlag Christa Hemmen, Weisbaden. 

Safavi-Hemami, H., Brogan, S. E., Olivera, B. M. 

(2019). Pain therapeutics from cone snail 

venoms: from Ziconotide to novel non-opioid 

pathways. J. Proteom. 190: 12–20. 

Stillman, J. H. (2004). A comparative analysis of 

plasticity of thermal limits in porcelain crabs 

across latitudinal and intertidal zone clines. Int. 

Congr. Ser. 1275: 267–274. 

Sunday, J. M., Bates, A. E., Dulvy, N. K. (2011). 

Global analysis of thermal tolerance and latitude 

in ectotherms. Proc. R. Soc. Lond. B Biol. Sci. 

278: 1823–1830. 

Sunday, J., Bennett, J. M., Calosi, P., Clusella-Trullas, 



7 

 

Aquatic Animals 2026 | July 4 | Ogama et al. AA2026-51 

 

Received: 29 June 2026 | Accepted: 1 July 2026 | Published: 4 July 2026 

S., Gravel, S., Hargreaves, A. L., Leiva, F. P., 

Verberk, W. C. E. P., Olalla-Tárraga, M. A., 

Morales-Castilla, I. (2019). Thermal tolerance 

patterns across latitude and elevation. Philos. 

Trans. R. Soc. Lond. B 374: 20190036. 

Trevisan, G., Oliveira, S. M. (2022). Animal venom 

peptides cause antinociceptive effects by 

voltage-gated calcium channels activity 

blockage. Curr. Neuropharmacol. 20: 1579–

1599. 

Ueda, Y., Suzuki, S., Ogama, F., Sanda, T., Dan, S., 

Hamasaki, K. (2026). Effects of temperature on 

survival and growth of veliger larvae of the cone 

snails Conus fulmen and Conus pulicarius under 

laboratory conditions. Aquat. Anim. 2026: 

AA2026-48. 

Yanar, M., Erdoğan, E., Kumlu, M. (2019). Thermal 

tolerance of thirteen popular ornamental fish 

species. Aquaculture 501: 382–386. 

 

 


