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Effect of Temperature and Dissolved Oxygen on the Survival Rate
and Physiological Response of the Warty Sea Squirt Styela clava

Yun Kyung Shin*, Jung Jun Park, Mi Seon Park, Jeong In Myeong and Young Baek Hur!

Aquaculture Management Division, Aquaculture Research Institute, NFRDI,
Busan 619-902, Korea

'Southeast Sea Fisheries Research Institute, NFRDI, Tongyeong 650-943, Korea

Abstract - Decrease in dissolved oxygen concentrations associated with temperature fluctuation is
an important criteria to evaluate the mortality rate of the species. Based on this parameter, we
investigated the survival rate, physiological response and histological change of warty sea squirt.
It was found that the survival rate of the warty sea squirt species was 63.3% at 23°C and 56.6%
at 26°C respectively. However, exposure of six days at 29°C caused deaths among species, which
indicated the 6day-LTs of the tested species to be 24.58°C (19.48 ~ 35.48°C). Further, after 11 day
of exposure, the dissolved oxygen concentration has been found to decrease, with the survival rate
of 20% at 4.0 mg L' and deaths at 2.0 mg L', thus 11day-LCs, calculated to be 3.88 mg L™!
(3.29~4.57 mg LY. In addition, decrease in rate of oxygen consumption and excretion of ammo-
nia was also noted at this critical water temperature and dissolve doxygen concentration. More-
over, there has been common histopathological changes were observed in warty sea squirt’s gill
pouch, digestive tract, and tunic as follows such as: proliferation of epithelial cells, condensation
and necrosis, permeation of phagocyte and blood cell, loss of cilium and muscular fiber degenera-
tion. Based on our study results, we suggest that these parameters can also be useful to evaluate
the survival rate and physiological response in other species.
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Fig. 1. Survival rate of warty sea squirt Styela clava with change
of temperature.
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Fig. 2. Survival rate of warty sea squirt Styela clava with different
dissolved oxygen concentrations.
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Fig. 3. Changes of oxygen consumption and ammonia excretion
rate of warty sea squirt Styela clava exposed to the different
temperature during 6 days.
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dissolved oxygen concentration during 6 days.
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Fig. 5. Histological light microscopy of the organs of warty sea squirt Styela clava. A: Branchial network, showing the numerous papillae (P)
with hemolymph sinus (Hs). B: Digestive tract, note the epidermal layer composed simple columnar epithelial cells (Ec). C: Tunic,
showing the eosinophilic granulocyte (Gc) in cuticle layer (Cl). C, cilia; Ct, connective tissue; Dtl, digestive tract lumen; Mfb, muscle
fiber bundle.
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Fig. 6. Histopathological light microscopy of warty sea squirt Styela clava with the temperature variations. A: Branchial network at 23°C, A
hyaline degeneration (black arrowhead), absent cilia (white arrowhead). B: Branchial network at 26°C, A hyperplasia of epithelial
cells (black arrowhead), A condensation and necrosis of epithelial cells (white arrowhead), phagocytes infiltrations (asterisk). C: Diges-
tive tract at 23°C, A absent cilia (black arrowhead), necrosis of fine fiber and condensation of fibrocytes in connective tissue (white
arrowhead). D: Digestive tract at 26°C, A condensation of epithelial cells (black arrowhead), absent cilia (white arrowhead), necrosis
of fine fiber and condensation of fibrocytes in connective tissue (asterisk). E: Tunic at 23°C, A absent cuticle layer (arrowhead), hyaline
degeneration (asterisk). F: Tunic at 26°C, A absent cuticle layer (black arrowhead), phagocytes infiltration (black asterisk), hyaline
degeneration (white asterisk).
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Fig. 7. Histopathological light microscopy of warty sea squirt Styela clava with the change of dissolved oxygen concentration (DO). A:
Branchial network at 2mg L', note the necrosis of epithelial cells (arrowhead) and connective tissue (asterisk). B: Branchial network
at 2mg L', note the liquefaction necrosis with abscess formation in papilla (black arrowhead) and connective tissue (white asterisk),
hyaline degeneration of the microfilament (white arrowhead), phagocytes infiltration in connective tissue (black asterisk). C: Digestive
tract at 2mg L™!, showing the epithelial cells hyperplasia (arrowhead), necrosis of the epithelial cell (white arrowhead) and liquefac-
tion necrosis in connective tissue (black arrowhead). D: Digestive tract at 4 mg L™, cilia disappearance (arrowhead), necrosis of the
epidermal layer (white arrowhead) and liquefaction necrosis in connective tissue (black arrowhead). E: Tunic at 2 mg L', note the
absent cuticle layer (arrowhead) and metrix necrosis (asterisk). F: Tunic at 4 mg L', showing the granulocyte condensation (arrow-
head), necrosis of the fiber bundle in matrix (black asterisk) and the homogenated cuticle layer with the absent granulocyte (white
asterisk).
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Table 1. Histopathological characteristics in organs of warty sea squirt Styela clava

Experimental temperature

Dissolved oxygen concentration

23°C 26°C

2mg L™ 4mgL™!

Branchial » Absent cilia

 Hyperplasia, necrosis of EC « Necrosis of EC and CT

« Liquefaction necrosis

network « PC infiltration « Hyaline degeneration
Digestive : Absent.cﬂla : Absent.cﬂla « Hyperplasia and necrosis of EC « Hyperplasia and necrosis of EC
tract * Necrosis of FF * Necrosis of FF  Liquefaction necrosis « Liquefaction necrosis
» Condensation of FC » Condensation of FC q q
Tunic « Absent CL e Absent CL « Absent CL « Homogenated CL

* Hyaline degeneration e« PC infiltration

* MX necrosis

* CL; cuticle layer, CT; connective tissue, EC; epithelial cell, FC; fibrocyte, FF; fine fiber, Mx; matrix, PC; phagocyte
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