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Fig. 1 Schematic diagram of device for experiment
a. Glass tank; b. Air pipe; c. Air lift pump outlet; d. Plastic box;
e. Bottom sand; f. Support; g. Air stone; h. Filter sponge;
i. Temperature controlled electric heating rod.
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Fig. 2 Survival rate and instar composition of larval
and juvenile horseshoe crabs under different
temperatures at 30, 60, 90 and 120 days
The total survival rates have no significant difference
between temperature groups with the same
superscript letter in the same day (P>0.05).
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Tab. 1 Molting rates of the larvae and juvenile of
Tachypleus tridentatus at different temperatures
n=3; x+SD; %

W3 At ) /d L /°C temperature
stage day 25 28 31 34

30 0*

1 8.67+3.06° 56.67+16.65°76.67+4.16°
1 60  20.00£12.17° 76.00+£2.00" 93.33+4.62° 90.67+2.31°
1 90 60.67+4.16" 84.67+5.03° 94.00£5.29° 92.00+2.00*
1 120 78.00£6.93" 86.67+4.16" 94.00+5.29° 92.00+2.00°
2 120 9.41x1.35% 75.39+0.34° 78.15+4.27° 67.35+4.80°
3

4

120 0 23.80+17.94*51.75+4.12°  74.75+19.39°
120 / / / 40.08+11.29
He W — A7, JeAHE bR R 0 A R 2 2 [ 24 5 G

(P<0.05).
Note: There is significant difference between two temperature
groups without same superscript letter in the same row (P<0.05).

SIS TFIA)E 60 d, 31 CHI 34 CIRJELRY 1 #
8 1 1 76 28 35 43 ) 3K (93.3344.62)% F11(90.67+
2.310)%, —HZ AT 2 5 (P>0.05), HiR%
BT A 2 AR EEZH (P<0.05); 28 CHREEZHM 1
WA AT B IS 7 R B 1K(76.00+2.00)%; 25 C iR E 4
)1 AT B Wi oe 2 a Ik, 1R (20.0£12.17)%
(#F Do

TESLFFIRIE 120 d, 1 #7276 25, 28, 31
Al 34 Cix 4 ANIR A 52 4351 15 (78.00+
6.93)%. (86.67+4.16)%. (94.00+5.29)%7F1(92.00+
2.00)%; 7E 31 CHI34 “ClaBE 4 2 il 5e %
LLAE 25 C 4100 B 2 =5 (P<0.05), {H 28 CI¥
5 H A 3 2070 8 3 25 5 (P>0.05) (& 1),

TESZIS TR 120 d, 2~4 #HE % 7 R R
I WESER ILR 1, 2 IRHER I FC R AE 28 CHRE

531 CHRENZ AT EE 257 (P>0.05), H&E
F 34 CIREH(P<0.05),25 CRIFHRME, 31
HEMWESTRAE 31 CIREAHM 34 ClREAZ M
Jo e % 22 7 (P>0.05), ¥ T 28 ClRE 4 (P<
0.05); 4 ibHE® X 34 CIREEHA I /rHise, Bist
%4 (40.08+11.29)%,

TESCH N, 1 P EIIET RN 6.00%~
19.33%, i 25 CIREL] 1 BATEMILT- R
(19.33+6.43)% =T 31 CIREEL[(6.00+5.29)%)]
H1 34 °CIREEZH[(8.00+£2.00)%](P<0.05), 2 #HE#:
HIFET- K 21.85%~32.08%, 451 & 2H 22 6] ¢ i
F2EF(P>0.05), 3 WHEHEPILTHA 16.47%~
22.22%, % B4 Z 8 TG B #E 2 % (P>0.05) .
31 'CHI 34 CIREELLM 4 WHEE AT R 051N
(7.84+13.58)%F1(5.00+6.08)%, 2 2H 2 [H]JG i 3% 2%
S (P>0.05)(3% 2).

K2 ZRYAHA20 OEBEEETH
EFEMEENIETE
Tab.2 Mortality rates of the larvae and juveniles of
Tachypleus tridentatus under different temperatures

during experiment (120 d)
n=3; x+SD; %

4y A 1

instar
stage

1 19.3346.43* 12.67+5.03"®  6.00+5.29°

IRJE/C temperature

25 28 31 34

8.00+2.00°
2 32.08+£19.16" 24.61+0.34" 21.85+4.27° 31.94+5.11°
3 22.22+38.49° 20.38+8.62° 16.47+12.25" 19.19+18.42°
4 7.84+£13.58" 5.00+£6.08"

TE: [l —A7rh, JoAHR AR B A A T B 4 =2 8] 22 5 1 35 (P<
0.05).

Note: There is significant difference between two temperature
groups without same superscript letter in the same row (P<0.05).

2.3 FKimFE A &R 4 A i bt 55 B 18]

A1 5 AL 45 W PR 1 It SR ) DL 3 3~3 6,
KRR ST, 1A T O ) B 7 ) B )R, S
KT REE 13 K, 34 CIREAITIRA 1 3172 0
FEHEA 2 #7531 CHI28 CIREELH A MTES 16 K
e 20 KRB 1 IBAFEBSE; 25 CIREA THE
39 RATFUG B2 (R 3), SRl i S i [A] 72 4%
T 4 2 6] 22 57 B3 (P<0.05) . 2 5246 45 g i,
25 CHI 28 CHREANAAET 1 s AR5,
AN ERBIFEAAE, 25, 28, 31, 34 CIRFEEL 14
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-4 DN SE B0 T Uy 22 50 52 119 SF- 475k 1] 4391 Ay (7410
7.54) d. (42.58+2.83)d. (28.53+2.93) d Fl(24.86%

0.94) d, 31 ‘CHI 34 CRJFEHZE T E 2R
(P>0.05), HA# 4 2 0] 25 5 .3 (P<0.05)(3 3).

3 BEREEET 1 BRI SR

Tab.3 Molting days of the first instar larvae of Tachypleus tridentatus at different temperatures

n=3; x+SD; d

Ui H item

W /°C temperature

25

28 31 34

F L FE A the earliest molting days — 41.00+2.00° (39-43)
e Jr Wi FE I ] the latest molting days >120°
-5 FE ] average molting days >74.10+7.54°

21.33+2.31°(20-24)
>103.5+4.95°
>42.58+2.83"

16.33+0.58"(16-17)  13.33+0.58°(13-14)
54.67+11.02° 65.00+10.54°
28.53+2.93° 24.8620.94°

TE: 455 8 B BT O 90 Bl (o IME~ R ORfED). SEBR S5 RN AR iRt 7, ne>"2oR . [Al— A7 FoAR [ _EAm 5 B 09 P B2 4 2 ) 2 5 W %

(P<0.05).

Note: The numbers in brackets are ranges (minimum-maximum). If there were any individuals who have not yet molted at the end of the
experiment, add ">" to indicate. There is significant difference between two temperature groups without same letter in the same row (P<0.05).

25, 28, 31 M1 34 CHIREHR T HI 2
il 48 W58 55 ) B5F (1) 43 9 R SE SR TR IR JS 5 74 49, 42
41 Ko 2 W HE & B R i se it (]S 24 {E7E 28, 31
134 CixX 3 4z [\ i % 25 5 (P>0.05), {HI4 5

SR 25 °C R BE4(P<0.05) A% JE R 52K,
25, 28, 31 il 34 CIREELLNY 2 HE % (1) 7 $5 0
FEFTE] 43 94 (97.78+14.46) d. (76.47+2.24) d.

(66.85+3.53) d F1(59.43+3.59) d (% 4).,

®4 BEREFHT 2 RBENBTHE

Tab. 4 Molting days of the second instar juvenile of Tachypleus tridentatus under different temperatures

n=3; x+SD; d
S HRJE/C temperature
i H item
25 28 31 34
F L S E] the earliest molting days — 84.00+9.54° (74-93) 50.33+1.53" (49-52) 46.33+5.13%(42-52) 41.67+0.58° (41-42)
%5 W72 E] the latest molting days >120 110.00+7.94 92.67+7.57 >87.50+17.68
- 2 ] average molting days >97.78+14.46° 76.47+2.24° 66.85+3.53% >59.43+3.59°

TE: 455 8 B BT O 90 Bl (o IME~ IR ORfED). SEBR S5 RN AR iRt 7, ne>"2oR . [Al— A7 FoAR [ _EAm 5 B (9 P B2 4 =[] 2 5 W %

(P<0.05).

Note: The numbers in brackets are ranges (minimum-maximum). If there were any individuals who have not yet molted at the end of the
experiment, add ">" to indicate. There is significant difference between two temperature groups without same letter in the same row (P<0.05).

LA, 25 CIREATC 3 WHE®Bi5E;
28, 31 134 CixX 3 MR RY 3 W HE % i Bt
SeRHEI B A 87, 74 F 68 K, e FWi 5Tt (]
7E 31 CHI 34 CIREEL 2 0] UG B 3 22 5% (P>0.05),

EHREET 28 CHELL(P<0.05)(E 5). LK
GEE, AHYA MRBISER 3 HER 3 W HEE
EHRWESER 34 CHY 2 APATA M 3 HEE 1Y
I FE ) [B] 430 R 5 82 KR 93 K.

®S5 BEREFHTIRBENLTHE

Tab.5 Molting days of the third instar juvenile of Tachypleus tridentatus under different temperatures

n=3; x+SD; d
R, )% /°C temperature
I H item
25 31 34
B L FE ] the earliest molting days - 92.67+8.96" (87~103) 77.67+5.51° (74~84) 72.67+8.08° (68~82)
I J5 Wi FE B 7] the latest molting days - >120 >120 >115.5+4.95
- #4058 52 A A] average molting days - >105.22+2.57 >99.95+3.42 >91.85+9.45

TE: 455 9 BT O 90 Bl (o IME~ R ORfED). SEBR S5 RN AR iRt 7, ne>"2oR . [A— A7 FoAf [ _EAm 5 B (9 P B2 4 2 ) 2 5 W %

(P<0.05).

Note: The numbers in brackets are ranges (minimum-maximum). If there were any individuals who have not yet molted at the end of the
experiment, add ">" to indicate. There is significant difference between two temperature groups without same letter in the same row (P<0.05).
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TESCHN, A 34 CHREELIA 4 A2 7,
f S FE I E] Y BRAE SR 97 K (3R 6).

Fo6 ZEEEMGT4REEHNBITAE
Tab. 6 Molting days of the fourth instar juvenile of
Tachypleus tridentatus under different temperatures

n=3; x+SD; d
W H IR %/°C temperature
item 25 28 31 34
F T AE S I ] - - - 99.67£2.52
the earliest molting days (97-102)
F e d 5 I 1] - - - >120

the latest molting days
- Yyt 56 I i) - -

average molting days

T 165 BT 0 8 B (e /IME ~ B KA. 200 25 i fn ok 4
BRIESE, > R, Al —A7 AR IR b ARERE Y PR IR A 2 ] 22
5t 1 3 (P<0.05).

Note: The numbers in brackets are ranges (minimum-maximum). If
there were any individuals who have not yet molted at the end of
the experiment, add ">" to indicate. There is significant difference

between two temperature groups without same letter in the same
row (P<0.05).

24 HEERRYGBEIREERGTEER
et E

UV 294 IS Sl S R4 K2 NV A Sl N TS o S A
3 5 B PR S 6 A AT A% 1 31k I I ()
A —E MXERE R BRYE . M RDEATITER, R
P45 A A I A R RO BE7e 1 B0, AT HEAS 4%
W S0 4y PR A T UL BE 2% 1R K 7 P P 1]

P32 B2 ERR G, ASCIRARI 1 BT
iR, TRk 1 A A R T

>109.45£3.09

I H I8 58 i 7 B[] AR ASSZ I 1 AT 2
Fe B IR B[R], RTANZEAS R 4544 F,
[l 4 S TF B 3 1 AT % 8 52 P/ 1 Y4 Bk ] 43
W h>(74.10+£7.54) d (25 ‘C). >(42.58+2.83) d
(28 °C). (28.53+2.93) d (31 °C)FI(24.86+0.94) d
(34 C)(F 3).

ik S 56 v v [ 4[] o H 40y 4 £ AR R IR BE T
KB —8, 7R85 VAT 4L e R 5E i AT A
T — B Bt i Wi 5w, TR 4 A [R] 0 30 A L 5
mhE], AIRAE 25~34 CA&MT 2 ibHis & B i
IFE]) 435 h 43.00 d (25 C). 29.00 d (28 C).
30.00 d (31 “C)F128.33 d (34 C); 28~34 C%fF
T 3 W HEE kB raa it a4 42.33 d (28 C).
31.33d (31 C)MI31.00d (34 ‘C); 34 CHKMT 4
WA HEZE K B TR B R 27 (3R 7).

R 25 1 2 1A 050 5 1) TS S5 B [, 4K
1A [ B 25 R T v [ 4 45 0% 301 % 8 T 1) [
28~34 CHAT 2 WHER & B Irs it el 550 k>
23.83d (25 C).>33.89d (28 C).38.32d (31 C)
M1>34.57 d (34 C); 3 WEHEH KA A i) 43 1)
H9>28.75 d (28 C). >33.10 d (31 ‘C)FI30.50 d
(34 C); 34 CHMT 4 WBHEE KT P it a)>
17.60 d (3 7).

BAE L, 7E25~34 CHRAFTF, 2~4 iR DR 45
MR BTN T 27~43 4, 11 RWTE LT
Frsmf A T 24.86~74.10 d(NSZETT R4 ),
VLA 1 % & 7 e R) A2 R 5 e B K

R7T TREBREFGTHEERRBLERENE

Tab.7 The development time of each instar stage under different temperature conditions

WiH item

W BE/°C temperature

25 28 31 34

2 W& B I st B] (RR 8 e S 5 52 A (8] 1158 development time of the 2nd instar (based on earliest molting time) 43.00 29.00 30.00 28.33
2 W& B BT s B (PR U8 - 24105 52 A (8] 11-55) development time of the 2nd instar (based on average molting time) >23.83 >33.89 38.32 >34.57
3 W& T I st 1] (AR 47 B SR 05 52 (] 1 147) development time of the 3rd instar (based on earliest molting time) ~ —
3 W& T I it ] (AR AT 34 458 52 (] 1 147) development time of the 3rd instar (based on average molting time) ~— —
4 & B P st B] (PR P8 e 5 52 (8] 1155 development time of the 4th instar (based on earliest molting time) - - - 27.00
4 W 1A K B I B (R (BRI - 5 52 [E] 3155°) development time of the 4th instar (based on average molting time) ~ — - -
e SEIR A AU AR RS, >R,

Note: If there were any individuals who have not yet molted at the end of the experiment, add ">" to indicate.

4233 31.33 31.00
>28.75 >33.10 30.50

>17.60
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Effects of temperature on molting and survival of larval and juvenile
Tachypleus tridentatus
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Abstract: The resources of Tachypleus tridentatus face the risk of depletion owing to habitat destruction and
overfishing. Implementing artificial cultivation of large-sized juveniles and releasing them into suitable breeding
grounds is an effective measure for restoring the population of 7. tridentatus. This study used a self-designed
cultivation system to rear horseshoe crab larvae and juveniles under controlled laboratory conditions. The impact
of four distinct water temperatures (25, 28, 31, and 34 “C) on molting rates, molting duration, and mortality rates
of various instar stages was compared. After 120 days of cultivation, there were no significant differences in the
total survival rates of larval and juvenile horseshoe crabs across different temperature groups (P>0.05). However,
higher water temperatures significantly facilitated the molting of larval and juvenile horseshoe crabs. At the end of
the experiment, most of the juveniles in the 34 °C group had transitioned to the 4th instar stage, with a few
individuals having already progressed to the 5th instar stage. In contrast, most individuals in the 31 C group
were observed to be at the 4th instar stage. In the 28 C group, a predominant number were observed at the 3rd
instar stage, with a few individuals progressing to the 4th instar. Within the 25 °C group, most individuals were
observed at the 2nd instar stage, with only a few progressing to the 3rd instar. During the experimental period, the
mortality rate of the 1st instar larvae ranged from 6.00% to 19.33%. Among them, the mortality rate of the 1st
instar larvae in the 25 ‘C temperature group was significantly higher than that in the 31 ‘C and 34 ‘C groups
(P<0.05), while no significant difference was observed among the other temperature groups (P>0.05). The
mortality rates of the 2nd to 4th instar juveniles were not significantly different among the various temperature
groups (P>0.05). Significant differences were observed in the earliest molting times of the 1st instar stages among
the various temperature groups (P<0.05), with a noticeable trend of an earlier onset of molting at higher water
temperatures. The development time required for each instar stage during the 2nd and 4th stages was estimated to
range between 27 and 43 days, based on the weighted average time and earliest molting time of each instar stage,
under temperatures ranging from 25 ‘C to 34 “C. The influence of temperature on the development time of the
Ist instar larvae was greater than that of the 2nd and subsequent instar juveniles. The comprehensive analysis
indicated that increasing the temperature within the appropriate range can effectively promote the molting of 7.
tridentatus, both 31 ‘C and 34 “C can achieve excellent cultivation effects. These results suggest that large-scale
indoor cultivation of large juvenile horseshoe crabs is feasible. Additionally, it is advisable to rear the larvae at
higher temperatures immediately after hatching to facilitate their development into the 2nd and subsequent instars
as quickly as possible, thereby preventing them from entering a diapause state at low temperatures.
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