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Effect of Temperature on Hatching Rate of Triops longicaudatus (Triopsidae, Notostraca).
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The hatching rate of the eggs of Triops longicaudatus (LeConte), an endangered tad-
pole shrimp species in Korea, was experimented in different levels of temperature
(10, 15, 20, 25, 30, 35, 40, 45, and 50°C) under 24 L photoperiod conditions in incuba-
tor. Eggs of T. longicaudatus in this study were obtained from the adults collected
from Andong-si, Gyeongsangbuk-do, Korea, in July 2006. The highest hatching rate
was the 80.0 (+9.43)% in average at 35°C. The thermal threshold for hatching was
derived at 6.66°C. However, eggs were not hatched both at 10°C and at 50°C during
the experimental period.
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Fig. 1. Cross section of the eggshell of T. longicaudatus. IM, inner membrane; OM, outer membrane; AL, alveolar layer.

t=A] A7) AxT)E AR
Hojof H3}o} H’J"l Yot} &
Zof] Akl o> ZRV)E 71AA] kow Al oF A
5 o Z—l_}_(desmcatlon)ﬂ] gt WAl o]
Zdste] S or 723 M= EL ) sl
(Longhurst, 1955; Thiel, 1963; Brendonck, 1996). o] )
oFe et £7)3 (alveolar layer) @ ]qte] o]5}ed 9
29 (Az, AA, 4 oz HE R34 (Brend-
onck, 1996; Fryer, 1996; Belmonte, 1998). 7] arg] &}
2-9] oke] F7]=(alveolar layer)2 EZrollA] A2 A
A4 Aot Az AXEA Q3 A7 )
2712 AN (Fig. 1). AW F74-3-2) 23} 77
oA ohE So] AJge Bel ARKR oto] Az
s W7o Hodeiehs WA ko] wE o wel] 2
T A ohn), Ao ool R} W, g ke
A% FANNE $AS Az A sd DL 2-33]
WhEsh= 5ot 23yl g ¥ohs 7)o|o(Takahashi,
1977b). o] 3k 3} JJrX45°P gl ok ApdslA =
o 2y Ax-AER 3 o] 5 dnte] olo] REE =
A, dnpe] oke] ApAEEA], T3 o] o= A=) 7]
WA A E $AT 5 QA dalae o7t
A) Aol 1 G Hus} gl Agoleh
AR EFA S H3 5 27] 2-39 Ax)
(nauplius) A|7]sl &= ol g #A] koo, ol % A4
o] A (uvenile) Al 717} HWARE 7] EHES
sHA "o Aoz A%g A} HH 4715 o

=]
= =~
T A I R

o5 w3l T oF 6dAwr} AU G AAlE 5 9l
= AA7} =} (Fryer, 1988; Pennak, 1989; Weeks and
Sassaman, 1990; Seaman et al., 1991; Su and Mulla,
2001). AAPAL el A FFA9-F-2] £ oF 14~404
A=z od#x glo} (Weeks and Sassaman, 1990; Su
and Mulla, 2001).

e A AmEFAE 2EH 7S EN
o2 A - RBEET o} o] F
T 5ol 79 AR Aefelot & o
A FEstm ol AR el £ 3
AL 2907158 uAls Bele) Qstow el
Aol AgFAs Y Q7 g F dryoz o
o) 3l Ay Lzl dgke selslaat AAEG
GoE 97 Ao AHAEQ AueETASl o
e 7 2ARE FHST FF o F2 3ol P
23 Yug AFshe 9 79T > 9 o= A=
o}

l‘

H

R

LAEAE B A4S

Aol AH8E Aze AAEE dEAldA ARE 2
2] FFA-$ (Triops longicaudatus)®] <& AF8-313ich
Age] AR 2006 7Yl FARZRE FE97|E
of Wigt =3 FHrl= e F 4283} 2™, Scoop net
(mesh size 1 x 1mm)< o] 83l AR = 715vE]9 11



g

e

e

1

of .

A H_/,\_x]c‘)l <)

2} (egg-pouch)el] o] gl NAE

Bd T
& Agsle] Aol 204A oz x| sdch 23 A
AL AAEE $iske] 18L2) Fetze) g7)o) A4

28] & wol AgAL A8V 2 3 3] AR
£-7] (600 X 300 X 350 mm)E =ol|A] AT F (soil)S
Yol vl ez AlLsld T B9S 1,500 LuxES 9%
shdet ARE471e] of 20L A =o] B Y3, 7|2
7] (air pump)E 7153l om, 4220 ¢F 26~28°C A=
2 FAERE o 233 NAEE WAk E

=22

ARE B3le] @Al B2 F3 A g8 &=
=AM AARRAE A ds SelA Akl AxAIRHE

7] W Eopel T} o4& B Ale) Z(group)
oz 2] $Ite] geke] F3) WA oIe e =
e A%8712 $AA 7 4716
ol 4lo] =
2 ZA8W= " (Su and Mulla, 2001)&
sl Belatel Aol Alesigich

Zz2 5

TR 1LE ¥4

=2 © M
= Be B A (sieve, mesh size 200 um)
B3t oduhs

2. %3 49

/\/\ \:]ﬂ ]
50°C 2% t”-r]77]-7<]
24 L, 3}% 1,500 Lux) <5
< 3slgdn). o8] st £% 413 (10°C, 15°C, 20°C, 25°C,
30°C, 35°C, 40°C, 45°C, 50°C)< 71 me] Z7A]-¢- &2
A B3} exr} 15~30°Cel= 7|29 3 AFHZierold,
2006)5 F<ldlar, w3k F3p7t dojubA] o= HA2=
9} H xS gotd Al 39)7] wjFel) w3k 1A2F
o= oke] B3l f-75 §<toz Fglale] ool i
st dekar AAEE 9 slE A= (nauplius)E <l5F
Wl oEell A Ao} s|Fsn|AH oz shA AlelE Felst

At
Io) WEPALEE 2=l B0 A4 AW
stel WMesEE T F exsle] 43NS Tl
AbZEslg] o, vl _-L£ w3 o 2 = Sharpe and
DeMichele (1977)¢] A|s}s}a7, Schoolfield et al. (1981) o]
AT o) A ol geholet
HA 1 1
RHO 25 exp —< -
298.15 R \298.15 T
r(m=
HL/ 1 1 HH / 1 1
1+exp —<———> +exp <—>]
R \TL T R \TH T

A71NA (M A= (Kl E&Ee (IS

=

]
02

[

olEe - AFs
100
90 y=78.135*exp(—0.5*((x—32.811)/9.860)?),
2=0.911
804
—_ @ Observed
§ 70+ —— Estimated
g 60-
E’ 504
<
% 404
I 304
20+
10+
0 —@— T T T T T —@—
0O 5 10 15 20 25 30 35 40 45 50 55 60

Temperature (°C)

Fig. 2. Hatching rate of T. longicaudatus on each tem-
perature condition.
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Fig. 3. Hatching rate of T. longicaudatus by each temperature and posthydration.

35



36 Hex -

10

-

{

b=

ﬂl?.'.'

ol

- 0|&

I:*E

FIO

Table 1. Hatching rate of T. longicaudatus on each temperature condition.

Water Mean egg Hatched H H H Hatched
temperature (°C) number success (%) 0 50 100 duration (hour)
10 30 0.00 (+0.00) - - - -
15 30 16.67 (£9.43) 25 27 31 6
20 30 43.33(+4.71) 17 19 24 7
25 30 55.00 (+21.21) 11 14 18 7
30 30 65.00 (+7.07) 7 11 14 7
35 30 80.00(£9.43) 5 7 10 5
40 30 65.00 (+2.36) 5 7 9 4
45 30 43.33(£4.71) 6 7 9 3
50 30 0.00 (£0.00) - - — -
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Fig. 4. The derived thermal threshold for egg hatching.

° 2 el (Fig. 3) = *—J
L2%2l 15°Ce| 79 25X 7to]
A1Z= 9le) (Table 1).

Nme)| B A0 7+ AFer AL oko] Bz}
FTEE 35°Col|A] 80.0(+9.43)%= 71 =74 vehd
37, 30°C (65.0 £ 7.07%)<} 40°C (65.0+2.36%)°| A F =
Az gA vebge didel, 15°Coll X 16.7 (£9.43)%
2A] ZpRF e B3l AT ES Btk (Table 1). A4

ow asl A RSN, YA D 0sh HTES FU
Moz melshd 1w E7A9) Bafel HA4Lwy9)

£ 25~35°Col Zlez IdE s

A
=

LEAE

25 270N &e] R3S Babe] R3kg Y
F-3HA] 7hel] DH 5] ozl Zéig— nlelo g 7l me E7A)
o olo] x]e uk8Q AL w2 2Xsle] Bolon A=

6.66°C (Y=0.0039398X—0.0258130, r?=0.945)2 }e}y}

;N

: Hatching initiation, Hsg, : Hatching turnover, Hyq, : Hatching termination

0.20 >
y=0.151*exp(—0.5*((x—42.986)/15.362)?),

r?=0.944

o

[y

(63]
1

o

=

o
f

o

o

a
1

Developmental rate (1/hours)

@ Observed
—— Estimated

0.00 T T T T
30 40

Temperature (°C)

50

Fig. 5. Egg developmental rate of T. longicaudatus on
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