
Temperature-dependent aerobic scope and Hsp70 expression  

in the sea cucumber Holothuria scabra 
 

Holger Kühnhold1*, Nuri Steinmann1, Yi-Hsuan Huang1, Achim Meyer1, Andreas 

Kunzmann1 

 
1 Department of Ecology, Leibniz Centre for Tropical Marine Research (ZMT), Bremen, 

Germany 

 
* Corresponding author 

E-Mail: holger.kuehnhold@googlemail.com  

 

Abstract 

The sea cucumber Holothuria scabra is a promising candidate species for ecosystem- and 

community- based aquaculture practices in the Western Indian Ocean (WIO) region. In the face 

of global warming, novel tools to determine species-specific temperature tolerance levels are 

crucial to predict the vulnerability of coastal aquaculture systems. The aerobic scope (AS), 

which reflects the functional capacity for biological fitness, is a highly relevant proxy to 

determine thermal tolerance in various taxa. Despite the importance of this method, its 

implementation is often hindered, due to lacking techniques to accurately measure standard- 

(SMR) and maximal- (MMR) metabolic rates, especially in sluggish marine invertebrates, such 

as sea cucumbers. In this study the traditional AS concept was modified to define a 

temperature-induced aerobic scope (TAS), based on temperature-induced maximal (TMMR)- 

and minimal (TSMR)- O2 consumption rates, for H. scabra. TMMR and TSMR were induced 

through acute temperature change (2°C per hour; 17–41°C) until critical warm (WTcrit) and 

cold (CTcrit) temperatures were reached, respectively. In addition to O2 consumption, mRNA 

expression of Hsp70 was measured to define critical threshold temperatures on an interlinked 

basis. O2 consumption of H. scabra peaked distinctly (TMMR= 33.2 ± 4.7 µgO2 g-1 h-1) at 

WTcrit (38°C). A clear metabolic bottom line (TSMR=2.2 ± 1.4 µgO2 g-1 h-1) was reached at 

CTcrit (22°C). Within the thermal window of 22–38°C H. scabra sustained positive aerobic 

capacity, with assumed optimal performance range between 29–31.5°C (13.85–18.7 µgO2 g-1 

h-1). Between 39–41°C H. scabra decreased respiration progressively, while gene expression 

levels of Hsp70 were significantly increased, indicating prioritization of heat shock response 

(HSR) and homeostatic disruption. At the cold end (17–22°C) homeostatic disruption was 

visible through incrementally increasing energetic expenses to fuel basal maintenance costs, 

but no Hsp70 induction occurred. TMMR, TSMR and TAS proved to be reliable metrics, 

similar to the traditional energetic key parameters MMR, SMR and AS, to determine a specific 

aerobic performance window for the sluggish bottom dwelling species H. scabra. In addition, 

the linkage between respiration physiology and molecular defense mechanisms showed 

valuable analytical synergies in terms of mechanistic prioritization as response to thermal 

stress. Overall, this study will help to define lethal temperature boundaries for sea cucumber 

aquaculture and to predict the effects of ocean warming and other environmental stressors in 

sluggish marine invertebrates in the WIO region and beyond.  
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