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7]\ small ' middle K big
FiHE body size
BT AR/ N T A BFE SR 1 520
/1N:(3.19+0.63) g; H': (6.11£0.68) g; K: (10.49+2.04) g.
AR FEEFOR 22 57 1 2 (P<0.05).

Fig. 1 Effect of individual size on the oxygen
consumption rate of Onchidium struma
small: (3.19+£0.63) g; middle: (6.11+£0.68) g;
big: (10.49+2.04) g.

Values with different letters mean
significant difference (P<0.05).
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Pl 2 IR A AR R Y S TR
HEAMRE (6.1120.68) g. All/NGFRERIRIEEAR] 2% 57 35
(P<0.05).
Fig. 2 Effect of water temperature on the oxygen
consumption rate of Onchidium struma
Body weight of O. struma (6.11+0.68) g. Values with
different letters mean significant difference (P<0.05).
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ZH 8] 22 5 W 3 (P>0.05), HiAY 4% R 5 41 6] 22 5+
¥ 5 3 (P<0.05), I H, BEE R, 4R
2 FE AR I RRAIR

2.1.3 EEMEEABEESERNENE WA
1R AL R B 2 B A B I T s, AR R B 25 B
I EREE.04 pg/(g-h)], BfJE % W FEAR
(1 3). 1 h A, £hPE 15 AAERFE 25 4l 27 AR
W, WEERTHMEREHP<0.05); 2 h B, %
AR ERERYEE, 3h4nhEf, BREES
ZHFNERFE 45 41 Eh 1 25 A FNERE 35 AR R E
SR EAN, Hagrdl 25 53 B35 (P<0.05). 5 h A,
RS A AERE 15 HFEAE R F A B E(P>0.05),
ERBE 35 FNERAE 45 REAR R AR E(P>0.05),
RS i EE T HAMY ., B, R 5 A
45 BF, 2 h Fl 3 h FEAACRAR (L ERT ] AR 10 2,
AL, MR 15,25 F1 35 Bf, B} a] )
BN, R WAL

14 —+-1h n=4;3SD
Q 12F =2h
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HE08
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® 5 a
w® %00.4
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5 15 25 35 45
L FF salinity

3 R BERR A AR R A R
FEARAETE (6.11£0.68) g. ANF/NGFERFFREREEA )25 57 1 3%
(P<0.05).
Fig. 3 Effect of salinity on the oxygen consumption
rate of Onchidium struma
Body weight of O. struma (6.11+£0.68) g. Values with
different letters mean significant difference (P<0.05).

214 pH MEEABERRNEM 7 pH N
7.5~8.1 HPJEE 15 A 5t 1 FE S 3R Bl pHL 1 388 Jon o 4 o,
7 pH 2 8.1 B IA B R i {H[1.30 png/(g-h)], ZJEHH
AT 4). 1 h B, FEARESRZES BE
(P<0.05); 2 h i, pH 7.5 4 FFE SR B K T HiAth
ZH(P<0.05); 3h, 4h f1 5h i, pH 8.1 H B E T
HAthH . BEG RN, % pH AFEAR T %,
NS, HAE pH 8.1 B 22 Rt ok B2 (P<0.01),

16 —1h
—3h
——5h

n=4; ¥+SD

—
NS

FEHE R/ (ng-g )

oxygen consumption rate

7.5 7.8 8.1 8.4
RIS pH
Kl 4 pH XEETF A0 RRE 805 1Y 52 ]
FEAMKTE (6.11+0.68) g. AN[Al/NEFEEF77% pH 4l R B %
(P<0.05).
Fig. 4 Effect of pH on the oxygen consumption
rate of Onchidium struma
Body weight of O. struma (6.11+0.68) g.Values with differ-
ent letters mean significant difference (P<0.05).

22 REETFHETAEERKAALEHNZNT
221 BEAEBEBKAREHNE WEOBK
Jok S p A M R RN LR Ay A, Rk
AL FE OB IR TN R AR (18] 5A). REHMZ)Z
Bz A MR B, MR 4% 2 A0 I Y 25 45 H A T fig,
MM ] SRR R F 2 ORI F A & 2 (B 5B).
L NN 5 R BUE 12 N2 (K 5),

222 BEMNBLAEERALEMNIZT R
JEE R IRE 87 A B 8 KPR L R RN IR R i A
UM LR 1, 25°C4l 3% K JE B b 380 7 H Al U B
H, BB AR 0 T HA L (P<0.05) . #5f
JE 20 R) KL B B H AR AR R, Al 25 R
(P<0.05), {HAHSCHLA AN B & o B0k R 0 4% b T
FERE I/, 25°C4l . 30°C4Lf 15C4l. 20C
2 7] 25 S I 35 (P<0.01).

223 HEMBLABERKALAEHNTW JE
T 8 1) 9 g S 5 ot B ) 384 I S/ )5 1A
ERRE Ry 15 I He JR P A di[(10.63+1.97) um], &
FAR TR 5 20 EhEE 35 4 ML 45 4H(P<0.05).
R 15 BERRAR A AR Y 2 T A AR
JEL(P<0.05) JHUR IR ECTE A 21 R AA IH 0 i 22 5%
WORL IR K ARTEER N 5 B B R [(71.14+24.32) pm],
R 15 B A /N[(45.85+7.26) pm], Jf5H Al
42 5 W2 (P<0.05); WUk IR AR TEEREE Sl 15 i)
B/N[(35.17£7.78) um], W& /NFHAA, £hEH
45 W R [(52.6449.75) pm] (3 2).



722 R R A

B. E ¢ dermis
B 5 AR R R4 2S5 H) (HE)
a: AR b AFZE; ¢ PRZE; d: AR e BRAM; £ FRZ; ¢ HIY;
h: BRMAZ; B0 BUEE; j: M5 ko 85006 m: JILEF4E.
Fig. 5 Skin histology of Onchidium struma (HE)

a: cuticle; b: cuticle layer; c: granular layer; d: germinal layer; e: pigment cell; f: grume layer; g: dermis;
h: tectorium; i: compact layer; j: blood sinus; k: Ca granule; m: muscle fiber.

®1 BEMNBERBEEKERKEE. REKERXNHEM

Tab. 1 Effect of temperature on the epidermis thickness, number and size of glands in Onchidium struma skin

) -
g
5 &

A. ¥ epidermis

n=6; X +SD

e b5 7K i/ °C water temperature

item 15 20 25 30
2 2 JE /um epidermis thickness 14.61+5.16° 16.33+£7.41° 10.64+2.29° 12.53+2.50®
Zh W AR 4% /um long diameter of mucus gland 8.61+£0.86" 11.27+3.08° 15.61+2.94¢ 9.45+2.16"
FHIR IR 6 4% /um short diameter of mucus gland 8.04+1.39° 8.54+0.89" 10.47+2.41° 9.37+2.47"
ki i % /(ind- 107" - cm™) number of granular gland 9.28+4.07° 4.1942.13° 6.76+2.12% 5.37+1.32%
R IR K 42/um long diameter of granular gland 54.13£9.45° 48.60+13.93° 38.94+8.04™ 33.30+9.65"
k7 6 4% /um short diameter of granular gland 45.98+8.14° 42.91+8.72° 32.29+19.01%° 25.09+12.43°

T BTN AR _EARRIR ] — DI FR AR 7E AN [] 5236 28 18] 22 57t W 35 (P<<0.05).

Note: Values with the different superscripts within the same row are significantly different for the same item among different groups (P<<0.05).

*2 HREMNBEREEKERKEE. REKERXNHEM

Tab. 2 Effects of salinity on the epidermis thickness, number and size of glands in Onchidium struma skin

n=6; X £SD

it ER ¥ salinity

item 5 15 25 35 45
2% K¢ JEEE /um epidermis thickness 14.31+5.93%  10.63+1.97* 14.24£5.02"  15.63+4.62>  16.70+£3.23¢
IR K 4% /um long diameter of mucus gland 15.08+6.69° 17.99+2.57¢ 16.99+3.82¢ 15.27+2.60° 16.19+1.19°
Zh VR I 46 42 /um short diameter of mucus gland 11.34+2.14° 14.31£3.17° 12.27+2.18° 11.79+6.05° 12.65+2.86°
WRE IR %C/(ind- 107" -cm ™) number of granular gland 6.120+2.07* 6.36+£3.12° 7.14+2.00° 7.374£3.21° 7.5242.13%
kLI K 42 /um long diameter of granular gland 71.14424.32°  45.85+7.26°  56.95+21.52® 51.84+15.14" 65.46+18.30"
WRE B 45 42 /um short diameter of granular gland 43.79+7.69°  35.17+7.78*  42.15+10.05°  41.98+15.97°  52.64+9.75°

T BAT AR EARER [F]— D0 F5 45 £ AN [7] S 90 28 18] 22 57 |35 (P<< 0.05).

Note: Values with the different superscripts within the same row are significantly different for the same item among different groups (P<0.05).

224 pH WEEABEKALAEHYEI pH  EARHE pH THE /N EE 3).

h7.5~8.1 B, S At B R B R pHL B N 3 Wi

WK, 75 pH b 8.4 BIRSA RGN, ZERIRJEA2RE pH

BEhnmisg AN, pH Jy 8.4 BIAMIN(14.3143.17) pm 3.1 DNMEKNIHEL ABEFRE R0
FI(11.87+3.34) um, pH N 8.1 BHEURL IR EL[(8.25+ IR ST SRR I BN R 2 —, A
1.17) ind/(10-cm®) | 8. 35 5 T HAG pH 20, BORIIRIE BRI RM, ASERE/INGIR T A K o e SR A
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*3 pHNEEABRBEREEE. REKERXNNEMm

Tab.3 Effect of pH on the epidermis thickness, number and size of glands in Onchidium struma skin

n=6; X +SD

izt pH

item 7.8 8.1 8.4
% Bz JEE B /um epidermis thickness 16.10+4.05" 15.74+3.96* 13.93+4.39" 14.13+3.47°
Zh % AR K48 /um long diameter of mucus gland 12.1£3.15° 12.12+2.66" 13.33+2.82° 14.31+3.17¢
FHIR R 4642 /um short diameter of mucus gland 9.06+1.82° 9.34+1.81° 10.79+2.06° 11.87+3.34¢
Wik IR %7/(ind- 107" cm %) number of granular gland 4.07+1.00° 6.31£2.14° 8.25+1.17° 4.08+3.23°
UKL IR < 42 /um long diameter of granular gland 60.21+24.68° 49.35+19.93° 48.90+11.81° 45.30+15.45"
kL IR 45 42 /um short diameter of granular gland 42.36+18.34° 41.9249.46° 33.93+£12.79* 33.32+11.32°

e BAT N B EARFRR R — D 8 T8 AR TEAS ) S 90 41 6] 22 57 (. 25 (P<0.05).
Note: Values with the different superscripts within the same row were significantly different for the same item among different groups

(P<0.05).
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IR AR [R] o 5 A %) R A I Vi [T 4K
I7(5~35), i@ 10 247, Wi T FiR
(SRS 25 5, %30 [ PN BE SR B T = o e, (5
230 B O Bl B R, P R S TR
Ko F4h, BEE SR 3 m, 25 3h B4l i FE S R
BRUREA, D PR 5 B AR AR
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)22 7 IF A . BEE R AN pH AR
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Effect of body size and environmental factors on underwater oxygen
consumption rate and skin characteristics of Onchidium struma

ZHANG Mingming, QIAO Guo, Li Qiang, XU Chen, ZHANG Kaiqi, HUANG Jintian
School of Marine and Biotechnology, Yancheng Institute of Technology, Yancheng 224051, China

Abstract: Onchidium struma is a shell-less pulmonate and lives in the middle and high intertidal zone. It is con-
sidered as a commercially important species owing to its high nutritive value and beneficial effects in Chinese
medicine. O. struma is also regarded as an important representative species for a better understanding of the evo-
lution from aquatic to terrestrial life since this species has two methods of respiration—epidermal respiration and
pulmonary respiration. Epidermal respiration plays an important role in the underwater life stageor stationary stage
of O. struma, while pulmonary respiration contributes to its creeping or terrestrial life stage. In the present study,
the effect of body size, water temperature (15°C, 20°C, 25°C, and 30°C), salinity (5, 15, 25, 35, and 45) and pH
(7.5, 7.8, 8.1, and 8.4) on underwater oxygen consumption rate (OCR) and epidermal histology was determined to
provide valuable information for understanding the respiratory mechanism of O. struma and its evolutionary
characteristics. These results demonstrated that smaller O. struma had higher underwater OCR than larger indi-
viduals. Epidermal respiration differed significantly at various temperatures, salinities, and pH values (P<0.05).
The OCR and the inner and outer diameter of the mucus gland increased as water temperature increased below
25°C. The highest values were observed at 25°C and then began to decrease gradually at temperature above 25C.
The thickness of the dermis decreased with increasing temperature. The number and the inner and outer diameter
of the granular gland did not differ considerably between temperature groups. The differences with respect to sa-
linity in dermis thickness and inner and outer diameter of the mucus gland/granular gland were the same as those
with respect to temperature. The highest values were observed at salinity 25. The pH also had a significant effect
on respiration. The OCR and inner and outer diameter of the mucus gland increased with pH, while dermis thick-
ness and inner and outer diameter of the granular gland decreased. The number of granular glands first increased
and then decreased; peak values were observed at a pH of 8.1. However, respiration levels decreased with time in
all groups. In conclusion, environmental factors such as temperature, salinity, and pH had significant effects on
underwater epidermal respiration. Items such as dermis thickness and the inner and outer diameter of the granular
gland play more important roles in epidermal respiration in O. struma than the granular gland, which may be key
to keeping the body wet and protecting it from invasion or damage from its habitats. O. struma showed optimum
respiration metabolism in water at a temperature of 25°C, salinity 25, and pH 8.1. At lower temperature (15C),
higher salinity (45 psu), and lower pH (pH 7.5), this organism will be under considerable stress. This might be
related with to the factors associated with its optimal living conditions. The results of this study will provide basic
information for the protection and aquaculture of this species and will also be helpful to understand the evolution
from aquatic to terrestrial life.
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