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Abstract - In this study, we investigated the changes in the physiological and histological traits of
a sea squirt (Halocynthia roretzi) with the emergence of the soft tunic syndrome induced by the
water temperature control (6, 9, 12, 15, 18, 21, 24 and 27°C). It was observed that the induction
rate of the soft tunic syndrome was highest at 15°C, but lowest at 24°C. Based on the tunic color
condition and contraction strength, the whole process were classified into 4 stages as S0, S1, S2
and S3. Interestingly, there were significant differences in oxygen consumption and filtration rate
were observed during S0-S3. The most distinctive aspects were change of blood cell composition
at stage S3, whereas multi-vacuole cell ratio was decreased by 1/2 and morula cell ratio expanded
about 10 times during S0-S3. Further, change of organ structure started following the syndrome
such as degeneration of epithelial cells, microfilaments, increment in hemocytes and damage in
muscle fiber have been detected in tunic, siphon, branchial sac, body wall musculature and
pyloric gland. Briefly, our study results indicated that the normal physiological functions of the
sea squirt can be affected due to the soft tunic syndrome induced by water temperature.
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Fig. 1. Variations of oxygen consumption rate with soft tunic syn-
drome of the sea squirt, Halocynthia roretzi. SO, stage-0;
S1, stage-1; S2, stage-2; S3, stage-3. *Duncan’s multiple
range test: p<0.05.

Table 1. Occurrence rate of soft tunic syndrome of the sea squirt, Halocynthia roretzi with water temperature

Exposure time

Occurrence rate of soft tunic syndrome (%)

(day) 6°C 9°C 12°C 15°C 18°C 21°C 24°C 27°C

0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0
10 0 0 0 4 0 0 0 0
15 0 1 0 73 0 0 0 0
20 1 3 3 79 0 0 0 0
25 2 30 30 84 0 0 0 0
30 8 63 62.5 92 0 0 0 0
35 20 82 81.6 100 6.1 8.7 3.5 43
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Fig. 2. Variations of filtration rate with soft tunic syndrome stage
of the sea squirt, Halocynthia roretzi. SO, stage-0; S1, stage-
1; S2, stage-2; S3, stage-3. * Duncan’s multiple range test:
p<0.05.
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Fig. 4. Histopathological change of tunic with the process of soft tunic syndrome in the sea squirt, Halocynthia roretzi. A: SO; B: S1; C: S2;
D: S3. C, cuticle; El, epithelial layer; M, matrix; Mf, microfilaments.

Fig. 5. Histopathological change of siphon with the process of soft tunic syndrome in the sea squirt, Halocynthia roretzi. A: SO; B: S1; C: S2;
D: S3. El, epithelial layer; M, matrix; Ml, muscle layer.

Fig. 6. Histopathological change of branchial sac with the process of soft tunic syndrome in the sea squirt, Halocynthia roretzi. A: SO; B: S1;
C: S2; D: S3. Lw, lateral wall; S, stigma; Sc, stigmatal cell.
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Fig. 7. Histopathological change of body wall musculature with the process of soft tunic syndrome in the sea squirt, Halocynthia roretzi. A:
S0; B: S1; C: S2; D: S3. Cml, circular muscle layer; Lml, longitudinal muscle layer.

Fig. 8. Histopathological change of pyloric gland with the process of soft tunic syndrome in the sea squirt, Halocynthia roretzi. A: SO; B: S1;
C: S2; D: S3. Ba, blind ampulla; El, epithelial layer; Sb, striated border; T, tubule.
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