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SUMMARY

I. Title

Development of mass culture and seed reproduction of Urechis unicinctus.

IT. Object and significance

1. Objective

The objective of this study is to develop new cultivation technology for
available marine invertebrate(Urechis unicinctus), mass culture and seed
reproduction system and ultimately cultivated Urechis unicinctus and improving

the farmers net incomes.

2. Significance

The cultivation of marine invertebrates in Korea has encounted many
problems such as! overproduction, decrease domestic price and deteriorated
quality. To solve these problems and to prepare for the WTO forced, open
market, it is urgent that we develop improved cultivation techniques, focused on
the higher valued species.

Urechis unicinctus is intertidal invertebrate and specially they have are ate
people in Korea. Further, U. unicinctus is one of the important commercial
invertebrates in southern Korea coast. U. unicinctus lives highly density and

limited area in intertidal. It is possible to culture and restock this species in

- 17 -



intertidal zone. Replacing U. unicinctus will produce a much more economic
value. If conditions such as ecological investigation, biological and physiological
basal data, reproduction, gamete culture technique and inductive method for

larvae settlement are clarified in the U. unicinctus cultivation, mass production

will be possible with artificial seeding production.

U. unicinctus is very valuable species primarily dependent on matural

collection, they are produced Chunnam province respectively. Subsequently, it is
necessary to develop the artificial seed reproduction and cultivation techniques

for the other species base on the ecological investigation, biological reproductive

and physiological experiments on these commercially available species.

IMl. The contents and result of the study

1. Environmental and ecological study

A. Water and sediment quality

This study was performed to characterize the monthly variation of water
quality and sediment environment from December, 2000 to November, 2001 in
Kaedo island to live Urechis unicinctus.

In the survey of seawater quality, DO and COD concentrations were lowest
in bottom layer at summer, but DIN and DIP contents were higher than those
in surface layer.

In the survey of sediment environment, chemical oxygen demand (COD),
DIN and DIP were in the range of 10.3~60.6mg/g—dry, 5.053~1.810mg/ £ and
0.065~0.324mg/ £ , respectively.

The grain distribution of beaches are measured by classification of

sediments by grain diameter and this range is 2m~200mm. U. unicinctus

_18...



collected station 2 and 3 where is composition of sand and silt.

B. Food organism

This study was conducted to describe the distribution and appearance of
phytoplankton in Kaedo island to live U. unicinctus, the southern coastal of
Korea. Sampling was seasonally using plankton net from December, 2000 to
November 2001.

A major dominant species were Skeletonema costatum, Paralia sulcata,
Pseudonitzschia seriata, Chaetoceros decipiens, C. debilis, C dffinis, C
curvisetus, Eucampia zodiacus, Ceratium furca, C. fusus, Asterionella galacialis.

Accordingly U. wunicinctus’s food organism was guess that
Skeletonema costatum, Chaetoceros debilis, C. curvisetur, Eucampia
zodiacus, Asterionella galacialis. Because they were bloom in April and

November when period of spawning U. unicinctus.

C. Benthic animal and commensal

This study was conducted to describe the distribution and appearance
pattern of macrobenthos in Kaedo island to live U. unicinctus the southern
coastal of Korea. Sampling was perfound seasonally using Van Veen grab(0.1m*)
from December, 2000 to November, 2001. A total of 8 macroinvertebrates in
sampling area.

Major species were Atrina(Servatrina) pinnata, Crassostrea gigas, Fulvia
mutica, Saxidomus purpuratus, Protothaca jedoensis, Tapes philippinarum, U.
unicinctus and Polychaeta.

There are relatively high monthly variation in the abundance of U,

unicinctus with a range of 12 ~ lind/m’ from December, 2000 to November,

2001.

_19_



2. Reproductive cycle and inductive settlement

A. Reproductive cycle

In order to obtain the basic information for seeding production of Echiuroid
worm, Urechis unicinctus, gonadosomatic index(GSI) was used as the indicator
reproductive cycle during a period from September 1998 to August 1999.

In November, GSIs of male and female reached maximum values of 6.24
and 7.01, respectively. In February, however, lowest GSI values of 1.04 and
0.52 occurred in male and female, respectively. Then GSIs increased rapidly and
reached high values in March and April. In both sex, GSIs decreased from May
and then was not changed significantly until August. GSIs increased again in
October and November. Annual values on GSI indicated that two spawning
events of U. unicinctus occurred in a year; April to May and December.
Reproductive cycle was classified into the following successive stages: in female,
multipication(January ~February, = June~Setember), = maturation(March~ April,
November), spent(May and December), degeneration and resting(June and
January), and in male, multiplication(January ~February, June~ September),
maturation(March~ April, October~November), spent(May and December)and
degeneration and resting(January and June).

Histological observations revealed that oocytes in the ovary matured
simultaneously in November and March. At the same time, the matured testis

envelopes became thinner than those in the early stage.

B. Induction of settlement

In this study, larvae of Urechis unicinctus reared in the laboratory were
exposed to the thing of which potential material settlement stimulus(UM;
Urechis unicinctus's material)) that obtained from the skin of adult U.

unicinctus. Within 10 minutes after addition of UM, metamorphosis of
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trochopores to pelagosphera occurred. Larvae of U. unicinctus responded to
UM but do not to normal sea water, sticky liquid substance of Tegillarca
granosa and blood of U. unicinctus. Exposed larvae of Urechis unicinctus
settled rapidly and specifically after contact with UM.

UM quickly lost its effectiveness in promoting settlement after it was

heated to 70C, but was relatively stable at an ambient ocean temperature.

C. Induction of settlement by mono amino acid

In this study, we were using a useful marine invertebrate, Gae-bul (Urechis
unicinctus), which has a gregarious trait, commercially important and also has a
high chance to diminish throughout the overfishing in Korea. When they are at
the pelagic period, we will search out where they have settled, and provided the
necessary material which induces settlement and metamorphosis.

On exposure to amino acids, larval response varied depending on the amino
acids and its concentration. The present observation with glycine, leucine,
alanine showed the same result. Mono-amino acids were glycine, leucine,
alanine, which were effective at a concentration of 1.0X10™M to 1.0X10™*M. On
the other hand, lysine could induce settlement at a concentration of 1.0X10°M
to 1.0X10°M and also had a settlement inhibiting effect in the concentration at
1.0X10-4M. But the reason for this is not clear. Glutamic acid was found to be
effective in the concentration range 1.0X107M to 1.0X10°M. L-aspartic acid
showed to be effective in the concentration range 1.0X107 M to 1.0x 10™*M.

In this study, lysine and should be considered an important settlement
inducer as settlement cues present in the natural environment may have an

inducing effect at a micromole concentration level.
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3. Development of seed reproduction technique

A. Burrow sharpe and preference of Grain-size of Urechis unicinctus

The highest densities and biomass of U. unicinctus were found in areas of
the sand silt. In the laboratory, all echiurans performed burrowing success in
coarse sand and sand within 24hours, but none did in silt and clay within 10
days. In sand silt, echiurans enabled to dig 0.7~2.8 burrows/day/ind. And U.

unicinctus made a burrow of J, L, S and U shape

B. Egg development and metamorphosis

Using the artificially inseminated eggs of U. unicinctus, development
process of embryos were investigated under temperature 15C. Mean duration
times after fertilization of 2, 4, 8, 16, 32, 64-cell stages, swimming embryos
and trochopores were 2.7, 42, 55, 6.3, 7.0, 7.9, 156, 16.0 hours, respectively.
For 56 days, trochopores took rapid growth from 150X140 mm to 550X 350-950
X 430um. Within 5-10 minuites after addition of mucus taken from the skin of

U. unicinctus adult. metamorphosis of trochopores to pelagosphera occurred.

C. The effect of environmental factor on egg development

In order to obtain the basic information for seeding production of Echiuroid
worm, Urechis unicinctus, the influence of pH and salinity on egg development
was investigated.

Mature adult of U. unicinctus were collected at the Diving Cooperation of
Yosu in Korea and reared during 5 weeks. We carried out the artificial
insemination in the laboratory on Dec. 29, 1998, and reared the embryo under
different pH and salinity. Treatments were carried out with different pH(4~10)
and salinity(0~45%). Embryos in pH 4, salinity 0%, 10%, 40%, and 45%, tanks did

not develope after fertilization and became deformed or dead, before swimming
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embryo. In these pH and salinity conditions, deformation rate of embryo was
high at 8-cell stage and 16-cell stage. But embryos in pH 5~10, salinity 20~35%
tanks developed into swimming embryo stage.

These result indicate that an echiuran inhabits in both intertidal and subtidal
mudflates. After fertilization, sixteen—cell stage took 5.3~56 hours in pH 5~10
tanks, and 5.1~5.8 hours in 20~35% tanks. And swimming embryo took 13.3~
14.1 hours in all conditions. The desirable pH and salinity for egg development were

7~8 and 30%, respectively.

D. Growth and survival rate on larvae of U. unicinctus by food organism

This study was conducted to determine the growth rate and survival rate
on various kinds of feed and optimum feeding rate of U. unicinctus's larvae in
the laboratory culture.

On various feeds such as Chaetoceros calcitrans, Isochrysis galbana,
Pavlova lutheri, C. calcitrans+1. galbana, C. calcitrans+ P. lutheri, 1. galbana-+
P. lutheri and C. calcitrans+1. galbana+P. lutheri, the highest survival and

growth rates of U. unicinctus’s larvae were obtained when they were fed on C

calcitrans+1. galbana+ P. lutheri

E. Growth and survival rate on young U. unicinctus by food organism
This study was conducted to determine the growth rate and survival rate
on various kinds of feed and optimum feeding rate of young U. unicinctus in
the laboratory culture.
On various feeds such as Chaetoceros calcitrans, Dunaliella tertiolecta,
Nannochloris  oculata, Phaeodactylum tricornutum, Tetraselmis seucica, the

highest survival and growth rates of U. unicinctus's larvae were obtained when

they were fed on P. tricornutum
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IV. Suggestion for the practical application of this study

We established the technology development of cultivation for new available
marine invertebrate that U. wnicinctus. U. unicinctus culture will give fishermen
more income and fullfill the UR agreement.

The artificial seed reproduction technology of regional endemic species is
possible as and enterprise product, and will prevent the over production of special

species such as oyster, flatfish, rockfish and give an appropriate production
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Fig. 1. Map showing the sampling station.
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Table 1. Sedimentary composition of the sampling sites

Sediment

Station )
Coarse sand Sand Silt and clay

Sediment type
(> ¢2.000mm) (¢2.000~0.062mm) (< ¢0.062mm)

1 93.1 3.0 3.9 Coarse sand
2 36.1 189 45.0 Sandy silt
3 35.8 17.1 47.1 Sandy silt
4 8.2 7.6 84.2 Silty sand
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Table 2. Monthly change temperature, salinity, DO, COD, DIN and PO P in

sampling area

Date . ..~ Temp. Salinity DO COD DIN PO -P
(Month) (T) (%) (mg/ £) (mg/2) (ug-at/ ) (ug-at/{)
1 119 315 78 0.71 5.11 0.42
1 2 12.2 31.2 86 0.67 5.21 0.45
3 124 31.2 85 0.70 5.14 0.43
4 13.1 315 8.7 0.71 492 0.41
1 9.4 32.1 75 0.48 473 0.39
2 9.7 32.0 7.3 0.52 4.85 0.38
! 3 95 324 79 0.53 421 0.36
4 9.6 32.3 8.1 0.55 481 0.31
1 8.0 32.8 71 051 3.23 0.35
2 8.3 324 74 0.49 3.22 0.39
’ 3 8.1 325 76 0.53 3.61 0.37
4 8.7 324 8.1 0.50 3.96 0.32
1 12.8 33.1 7.3 0.21 2.97 0.39
2 12.9 326 8.3 0.20 3.13 0.38
] 3 125 329 85 0.19 3.26 0.40
4 13.0 328 8.4 0.23 3.03 0.39
1 146 326 7.1 0.15 3.11 0.40
2 147 325 7.2 0.12 3.04 0.41
! 3 146 324 7.0 0.17 2.92 0.39
4 149 32.7 78 0.14 2.75 0.42
1 177 31.2 77 0.21 3.43 0.35
2 175 313 79 0.23 3.58 0.32
> 3 17.4 312 78 0.21 3.18 0.31
4 174 31.0 79 0.26 3.61 0.35
1 186 31.4 8.1 0.18 3.12 0.23
2 183 316 79 0.20 3.21 0.35
0 3 184 315 79 0.13 3.23 0.36
4 184 31.7 8.0 0.14 3.25 0.39
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Table 2. Continued

Date Station Temp. Salinity DO COD DIN POs -P
(Month) (T) (%0) (mg/ £) (mg/¢) (ug-at/ L) (ug-at/ L)

1 20.8 319 74 0.15 325 0.19

2 21.3 315 7.3 0.13 3.19 0.29

! 3 212 315 75 0.14 3.19 0.21
4 21.1 316 75 0.16 321 0.23

1 23.1 321 79 0.14 2.12 0.21

2 23.7 322 79 0.11 2.16 0.23

° 3 239 321 8.3 0.15 2.31 0.28
4 23.8 321 8.1 0.16 2.21 0.21

1 23.1 323 8.2 0.12 3.22 0.33

2 23.0 318 7.8 0.15 312 0.25

’ 3 234 316 79 0.16 3.19 0.27
4 235 316 7.9 0.14 301 0.29

1 221 312 8.1 0.08 398 0.32

2 21.7 321 8.2 0.10 3.86 0.31

0 3 219 322 8.0 0.09 3.78 0.33
4 219 323 8.1 0.11 3.88 0.31

1 17.2 31.3 79 0.09 399 0.37

2 16.9 316 8.2 0.21 397 0.35

" 3 171 314 8.1 0.08 4.12 0.39
4 17.1 315 84 0.13 3.95 0.28

Mean 16.72 31.93 7.88 0.26 354 0.33
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Skeletonema costatum, Paralia sulcata, Pseudonitzschia seriata, Chaetoceros
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Table 3. Monthly phytoplankton amount in sampling stations (Cells/ml)

Date(Month) Stations Mean
1 2 3 4
Dec. 209 196 191 216 203.00
Jan. 195 189 179 198 190.25
Fed. 1,142 1,243 1,237 1,156 1,194.50
Mar. 483 476 468 491 479.50
Apr. 106 98 102 99 101.25
May 128 113 118 121 120.00
June 309 332 341 298 320.00
July 415 426 429 397 416.75
Aug. 923 914 971 1,013 954.75
Sep. 134 125 116 123 124.50
Oct. 226 217 218 226 221.75
Nov. 201 150 209 199 189.75
Mean 372.58 373.25 381.58 378.08 393.30
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Table 4. Monthly change dominant species in sampling stations (%)

Dominant species

Months

Dec. Jan. Fed. Mar. Apr. May June July Aug. Sep. Oct. Nov.
Skeletonema costatum 236 16 02 02 129 475 98 58 526 238 21 193
Paralia sulicata 128 11 - 03 03 129 09 24 09 36 21 32
pseudonitzschia seriata 165 49 03 05 35 68 53 37 11 111 129 141
Chaetoceros decipiens 101 - 03 16 - 01 - 118 152 - 11 -
C. debilis 65 167 73 68 01 06 46 159 278 47 195 141
C. dffinis - 28 09 24 04 106 31 13 11 07 31 22
C. curvisetus - 103 18 31 568 35 245 01 - - 299 164
Eucampia zodiacus - 179 849 671 398 - 01 - - - - 27
Ceratium furca - - 0.1 - - 01 19 211 06 - - ~
C. fusus 01 - - - - 01 06 152 - - - -
Asterionella galacialis - 69 21 03 116 24 19 - - - 09 93
Total 69.6 622 979 823 744 846 527 773 993 439 716 81.3
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Table 5. Monthly

abundance of benthic macroinvertebrates in sampling area

(unit : ind./m’)

Species

Month

Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov.

Atrina pectinata - 1 - - 1 1 - - -
Crassostrea gigas - - 1 1 - - 1 1 1
Fulvia mutica - 1 - - - - - 1 1
Saxidomus purpuratus 1 - 1 3 1 2 1 1 -
Protothaca jedoensis - 1 - 1 - - - - -
Tapes philippinarum - - - 1 - - 1 - -
Urechis unicinctus 4 7 9 12 8 4 2 9 10
Polychaeta 14 5 2 2 1 18 2 5 4
Total 19 15 13 20 11 25 7 17 16
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Table 6. Number of Urechis

experimental group

unicinctus and Paralichthys olivaceus in each

Experimental group

Parameter

A B C D E
No. Paralichth

o) .ara ichthys . 5 5 5 5
olivaceus

No. Urechis unicinctus 0 1 3 6 9
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Fig. 13. Histological identifications of internal morphology and developmental
phases of ovary in Urechis unicinctus. A, Section of premature oocytes;
B, Section of mature oocytes; C, Section of spawning stage; D, Section
of ococyte in between parietes; E, Section of degenerated ovary; F,
Section of the resting ovary. Og, oogonia; Nu, nucleolus; P, parietes;

Doc, degenerative oocyte. Scale bars indicate 24.6um.
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Urechis unicinctus.
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Fig. 15. Histological identifications of internal morphology and the developmental
phases of testis in the Urechis unicinctus : A, Section of the testis of
the multiplication stage; B, Section of primary spermatocytes in the
testis; C, Section of growing testis; D, Section of mature testis; E,
Section of ripe testis; F. Section of degenerated testis. Gt, gonadosomatic;
St, spermatid; Sz, spermatozoa; Ss, spermozeugma sphaulariales, Dsz,

degenerative spermatozoa. Scale bars indicate 24.6um.
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Fig. 16. Larval settlement responses to UM in sea water, to sea water alone

and to UM coating to test tube. =9 : added to UM.
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Fig. 17. Larval settlement responses to UM in sea water, to blood of Urechis

unicinctus and to sticky liquid substance of Tegillarca granosa. =¥

added to UM.
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Fig. 18. The heat lability of Urechis unicinctus "UM” : larvae were examined
for settlement at heating different temperature; there were 20 larvae in

treatment.
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A48 FEopreitd Qi AEFAAe FA NS

1 A 2 8y

AEZA L G4, AAd AL da wolBEQ Chlorella sp., A3 T, A
nl Tegillarca granosa,® A AL ofu At AFEA 7] 2 (Biochrom 20, USA) £4
3to] o] = glycine, L-leucine, L-alanine, L-lysine, L-aspartic acid, glutamic acid
of e FABe AL E BASAT. A7 oprixit T AAFEAFLE 10
X107Mel Al 10X 10°Me] FE2 FHsden, ZE Aot da syl 4
so) Az |

Ao falrel HAF A2y sEel ofulme APl 0my EFAAD

zb 33 wEsGon dzAEAMN F& 18T, 24X EL AEs AT 74 AbEE
A3 ABFAE AL, gzTEA gutsjse gist ARAEE AFdd =

o BAwgel 712 f49] AR L] 0%]AY WE AN F

Glycine, L-leucine, L-alanine, L-lysine, L-aspartic acid, glutamic acid®l] ™h&
MEgAe] ZAe s A% A Glycined S 1.0x10°~1.0x10°M7A #
Qo) ukgo]l eolton 10X10 M~1.0X10"MA BTl FAgo) 20%01

o

Ehd 3, 2447 AFsdAE 1.0x10°MF 1.0x10 Mol gk 20%0] 4o &A1&
el S h(Fig. 19).

L-leucined 1.0X107°MolAl 100%¢ A &< degdizien 1.0x10 ' M7A
20%0]1 49 =& &S VeIt (Fig. 20). 2447 A3 $ A 10x10 'MA
FpoA 20%0]4 AAsE Aoz Yed oE AT vlste] 2

2

tlo

A&
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B9} L-alanined 3A1Zbsel 1.0X107°MolA &4 28%24 F&o] ¥A YE
o 24X A F A 23%E e TH(Fig. 21).

L-lysine, L-aspartic acid, glutamic acid®] A% Z+z} 1.0x10°M~1.0x10"M,
LOX10"M~1.0x107°M, 1.0X10°Me A 24zt #arat A7 deigted, 53], 10
X107°M AT AE 37 AT BF 100% HAATHFig. 25). ¥bE, L-lysine
oA 3A7 Aete] 100%FA S FEH 1.0X10°M 28 T 2442 A #H3ke) 56
+3%9 A& BIoy, HAG AMATE 40£5%2 YERY &S YERYA X3}
R (Fig. 22). 2+ ATl o] Ao mE AEFAY Wste= & 2o/t AL
1} L-lysine, L-aspartic acid, glutamic acidojA®= HAE71A FALS A3 ol A
Aol ErlHULL, 237 Ho] EFFHAT, JE F2o] £3HL, AFEETS
v moketoit), S A1 A &A@ 4ANL A
Aol A& Ael7t A oH, 53], glycined] A9 AZAE o] o} 2 &
B ZAAH A

Glycine, L-leucine, L-alanine® ZA-$ #HA}F dojufx] & ¥t glycined

O

L-leucine 1.0X10°M~1.0%x10"M2] A&@FeA 7EH

L-alanine®] 74 Z¥o] 31 G4 &F § Fol5E& AFde e U
o, 37kA Ak F L- alanine®] &t b Yol {§AEBAEAL UES
glycine, L-leucine® o} 2t} AAFE ¥ AT A9 AFto] AFHstol=
AAREE e ggorn], AAA HA £F dojyA ot A5 9
FAETE AUAH

rsi'

Balanus amphitrite®} Hydroides elegans®] 7% A AAe] EEx3te 247
S UEFEA I A77F GSstA AP A dew 2 T FFRATAA ZHA
2 AYHE Fere] AFvE ul g #d3 daHolA ok 53] AAHLEAN
GABA°l &3 HAfEet HulFEE A7t tpdstA A=A ded, 74 F

ulth 9SS Sl amino acid A9 2 2 £H7F Aol7F 94tk(Table 7).
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E3 TR gEA FAE A BE dEAZ F T 1 JEAA
e ZA0) g Aoyt 9ee vz ¢ th(Jayant & Hitoshi, 2000; Tilman
& Qian, 1999). ¥ A3l A alanine, glycine, aspartic acid, glutamic acid oA &
2E LOX10°M~1.0x10°M9] FEAM &L ulgS BGS B T o|ste] X
Ae vl e ZAE&S JeEtA Y. v leucined lysined A-$E L o]dtY &
SME Hud 52 FAEE YU EY F23 HL leucine®] FEE R A
go] PolAE W lysine® A 1.0x10°M~10x10"*MAA =5 #H ALt =] g
1LOX10° Mo Mg e wmee Yehla T3 1.0x10 M~1.0X10 Mol = we
A FkthE Holth Leucined 1.0X10™M A FAME 25%9] FA &L eh
LOX10°M~10X10"M7HA] A A@ o] maA wgd 23 Mo o lysined

wE A RGN A AF AN AR 5 o] Yot FABARA] A%

S @ F dgE JHsAS UeElE BA ZFA oA 9824 FHX EHE )
4 4 Qlga B4 A8 Aoltl o EE9], Barnacle, Balanus amphitrite(Jayant &

Hitoshi, 2000)¢] A

Oz

MM tryosineo] 1.0x10°M2] FsEAN FAE FEsw, &
3 LOX10'M A 1.0X10°MAlAE FAE2 JAsI93, glycine 2L nonpolar
amino acid 9A] 1L0X10 °MelXE ZAHeAe F&L 10X10 MAME FA A
o] S eI

AE7tA e e HE A fFA diE UM amino acid #Ad] &g
mono-amino acid®] &3l digtAdt gF o} o]F ol tigh AFe EHFA
Ae7hA gl A 9ol e S tE FAEZE B, FHstE A, AA-H

¢l Qo x FAAA ] et AFE HR3} Bryan et al.(1998)= Hydroides

oy

elegans®l 7% 28 Fo] obd Bugula neritinadlX FE3 Edo] disted H.
elegans®] +Ao] #A L WHesIH I, wetA FA g HHE FEA7 = AAER

of WX e FolH FEHAL BARD gt AL YFA
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Mean percent settlement(%)

0.1 0.01 0.001 0.0001  0.00001

Glycine concentration(uM)

Fig. 19. Mean percent settlement of Urechis unicinctus's larva in

response to glycine for 3h(p<0.05).
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Larva settlement(%)

10 1 0.1 0.01 0.001 0.0001  0.00001
Glycine concentraion(uM)

Fig. 20. Mean percent settlement of Urechis unicinctus’s larva in

response to glycine for 24h(p<0.05).
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Fig. 21.
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L-eucine concentration(uM)

Mean percent settlement of Urechis unicinctus'’s

response to L-leucine for 3h(p<0.05).
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Larva settlement(%)

Fig. 22. Mean percent settlement of Urechis unicinctus’'s larva

0.1 0.01 0.001 0.0001 0.0000t1
L-Heucine concentration(uM)

n

response to L-leucine for 24h(p<0.05).
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Fig. 23. Mean percent settlement of Urechis unicinctus's larva in

response to L-alanine for 3h(p<0.05).
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Larva settlement(%)
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10 1 01 0.01 0.001 0.0001  0.00001
L—alanine concentration(uM)

Fig. 24. Mean percent settlement of Urechis unicinctus’s larva in

response to L-alanine for 24h(p<0.05).
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Mean percent settlement(%)

Fig.

10 1 01 0.01 0.001 0.0001  0.00001

L-ysine concentration(uM)

25. Mean percent settlement of Urechis unicinctus’s larva in

response to L-lysine for 3h(p<0.05).
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Fig. 26. Mean percent settlement of Urechis unicinctus’s larva in

response to L-lysine for 24h(p<0.05).
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Mean percent settlement(%)

100

10 1 0.1 0.01 0.001 0.0001  0.00001

L—-aspartic acid concentration(uM)

Fig. 27. Mean percent settlement of Urechis unicinctus's larva in

response to L-aspartic acid for 3h(p<0.05).
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Larva settlement(%)

10 1 0.1 0.01 0.001 0.0001  0.00001
L-aspartic acid concentration(uM)

Fig. 28. Mean percent settlement of Urechis unicinctus's larva in

response to L-aspartic acid for 24h(p<0.05).
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Mean percent settlement(%)

100

10 1 0.1 0.01 0.001 0.0001  0.00001

Glutamic acid concentration(uM)

Fig. 29. Mean percent settlement of Urechis unicinctus's larva in

response to glutamic acid for 3h(p<0.05).
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Larva settlement(%)

10 1 0.1 0.01 0.001 0.0001  0.00001
Glutamic acid concentration(uM)

Fig. 30. Mean percent settlement of Urechis unicinctus’s larva in

response to glutamic acid for 24h(p<0.05).
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Fig. 31. Mortality of Urechis unicinctus’s larva in each concentration

(p<0.05).
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Table 7. Compare with response to amino acid

Species

Amino acid Urechis Banuinus amphitrite’s larva Dugesia dorotoce’s

unicinctus's larva  (Yayant & Hitoshi, 2000) MR &, 1982)

Glycine B v
(10°M)

Lysine

++ — + 4+
(107°M)

Leucine

(10 °M)

Aspartic
acid(10™°M)

Glutamic

acid(10°M)

Alanine

(107°M)

* + - much; +: moderate; —: little or none.
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Fig. 32. Schematic diagram for burrowing behavior of Urechis unicinctus on the
various sediment size. A : 0.02 mm in mean diameter, B : <0.10 mn, C:

0.11~050 mm, D : 0.51~1.00mm, E @ 1.01~2.00 mm, F: blank
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Table 8. Burrowing rates of Urechis unicinctus after 20 days in each

experimental tank with different grain size

Experimental group

A B C D E F
No. of burrowed 4 5 7 3 1 0
Burrowing rate(%) 20.0 25.0 35.0 15.0 5.0 0

A 002 m B: <010 mm, C : 0.11~050 mm, D : 051~1.00 mm E : 1.01~2.00 mn,
F : blank.

Table 9. Distribution and body weight of burrowing Urechis unicinctus in every

10cm depth of sediment.

Sediment depth Individual Body weight
0~ 10 3 478%1.7
10 ~ 20 6 65.3+£4.5
20 ~ 30 1 93.0%0
30 ~ 40 0 -
40 ~ 50 0 -
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Fig. 33. Variation of water temperture(l)) and pH(@) of rearing sea water

during the experiment period.
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Fig. 34. The various types of Urechis unicinctus burrow.
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A2 A TR A9 dEHA

1. Az 2 9y

AF5AE Astel TARH AAE F AYFo2 GAE ] AR vy
3 e AFAT AFIe FYHol Y HYMoT, AUFe wFH T

Y Fadolrg dagt AR o) shwetty. g1 AFE F nylon mesh

2 2zl ¥ 2707 100mel 4 Ag el AS3geh. Millipore045mE ]
BAZ S5 1000m0E HolAel Wi, el AR &g Fol wlolr wiEh] @
oz w2 vk AAe AR FRAA e ART F PEAACR |

mE Akl Aol oF 100ME FHMAA AEL] o] £ e HolA
AAAHgA S 1ImS 2o A4S AATG & 5% FAEGoH, FA T 4%
Ae AART, oA AneFz ANFE AL wE

polyspermy”} HA FEE f-23 v
2. 443 @ &

Aad NE b ol 110m(E M= Aol &3

=
L
R
)
rO
lo
4
2

7 TGelM ok HIARA FFor A$AYE £

T AE ouERE AT G& AAdEHAger FAMA F AR S
AT (Fig. 34). AAbsh Gz Agtetd o) e A4 %ol Yehta, thE
e ez £0104 XA o #4E F oF 108 A= AH(HE A7t
ez, sAEe] Wie do] glojAla sgsto]l dojdth A=A} A=A =
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| SA HEH, AT =

=
A= ok 2N 308 0] A8 EHYew, FAYE FEARAFE AA 2709
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Fig. 36. Survival rate of fertilized eggs of Urechis unicinctus at various pH.
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Fig. 37. Hatching rate of fertilized eggs of Urechis unicinctus at various pH.
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Fig. 38. Survival rate of fertilized eggs of Urechis unicinctus at . various
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Fig. 39. Hatching rate of fertilized eggs of Urechis unicinctus at various

salinities.
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A4 weld 549 43 2 AER

1 ZH_?;_ 2l HJ-HJ
BARE oA A 3- 447 Z57] FHAA o FF AREA, 2719 B
of W@ 3 100kl R 4vhE ol gstel AAWA 3ol £HW F 4

of 3 Hojd AN AEE, 293 EFFAA AL AEES Fedo 249

Aol AHgE B3RS £A F 3dol AR HAFAF 1724578 m) #
2

AT AR, A A&

Holgge A%

o

M gRier eFuldd
Chaetoceros calcitrans, Isochrysis galbana, Paviova Ilutheri@ i, A3+ AA & 7+
HolWEH Q5T C calcitrans+1 galbana™, C. calcitrans+P. lutheriT-, I
galbana+P. lutheriv, C. calcitrans+1. galbana+ P. lutheriT$ W 2T 24 FL 5o

g v AASYE Y. ¥ e v Y 30,000 cells/md = TR, f-4e] 30

¥ A3Zdgtel wet 10,000 M EA Frbete FEsA S FAANS DEE 1 ind/me

Table 10. Mean weight, length and GSI of Urechis unicinctus

No. of adult )
Body length Total weight GSI
*+SD (cm) +SD (g) (Female : Male)
Female Male
10 4 145*21 84.8+£14.7 21.2 1 201
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FHAFEES HolAER 71 2ol wldHE  Chaetoceros calcitrans,
Isochrysis galbana, Pavlova lutheri® 9 °olZ TH3td ME A48 BTG AES
Ad A= Table 119 2t}

AIAMAA HEAF 1742542 gmold AT 309 A F 3744 2§ FFT

oA 5414821 m= QAT B AR AEET UL, 4Y 2597
e 137740 AN AFF] o olFHE AL B F YUh B

27Y A HolWE & T3ty FF3 AAFANME I galbana+P. lutheri &3 T4
500781 m= A7dstd 7% A Eo] =3 C cilctrans+P. lutheri 3877}
4921566 mm, I galbana+ C. calcitrans 357 4861832 mm Folloy Ao
o3 Aol ANUTH HolAE dUdEFS TIFE A4S 30¥ A T P lutheri FH
T7F 443%£6.21 mz2 AASA 1, I galbana FFF7¢ 4271834 mm, C calcitrans

FTF 406662 iz FE WHE Hol 4B FHAA %S UETFE 18U A

(o

3 3 mE HAl gt AELS g2TE Adst W AeTolA 587~62.4%2]
HAZ Fo27b flATH(Table 11).

AZAA AR %49 del AuAd Bate] ATd v o}, FARER

O

FAAL M "ol wiRH 3 Q= Chaetoceros calcitrans, Isochrysis galbana,
Pavlova lutheri® HolZ Fw3l A HEL ZAG A3 371A &% FF+
A4 7H¢ w2 439 AEE Jehidd, ey AE AFFRAAMA e E9

FHebE Aol ANt AZEY AQ 22 SAA AR ol 4B AT} 5

A ANE FAA AFHoZ M F2F Urechis unicinctuse S 714

=

1)

T
=2
r ol
%
>
PN
)
i

271 f3td, AE FA Holdad s zAE Zi, ANE
2 Chaetoceros calcitrans, Isochrysis galbana, Pavlova lutheri &3 F3 7oA

& T3 30¥ ARF 624%2 7P m g wbdel] wo]
BES THHA &2 dxzFoiMe 49 182 ZF HAEIFT 271X Hol A

S st FFd HAAFAME I galbana+ P, lutheri &3 T4 500+7.81
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m=2 AAAete] 713 AAFo| =%, C clcitrans+ P. lutheri 2377} 492+566
m, I galbana+ C. calcitrans &5 7 4861832 m ol ot AAe 93 x}ol

T A HolAE ddF

fijo

T A5 0¥ AH} T P olutheri TFT7) 443
621 m= AAst9 3, I galbana FFT7F 4271834 i, C calcitrans FFT77}F
406662 m= AT WH HolAES FFHIA &S xTE 189 AW T ow
T HAL AT AEES YRTE A =

S e 4 4=

3

R

o

2

AT A 58.7~62.4%<] H4

o
-
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Table 11. Survival rate and survival rate of Urechis unicinctus fed with

different feeds

Body length (ym)

Feed Survival
Initial 15 days 30 days rate (%)
Control 172+5.42 238+7.63 - -
I galbana 172+5.42 304*6.38 427+8.34% 59.3°
P. lutheri 172£5.42 315532 443+6.21° 60.0°
C. alcitrans 172+5.42 300*=6.84 406+6.62° 58.7°
I+P 172+5.42 356%8.10 500+7.81° 60.9°
I+C 172+5.42 346+7.21 486+8.32™ 60.2°
C+P 172+5.42 350+6.98 492+5.66" 59.4°
I+P+C 172+5.42 3871924 541 £8.21° 62.4°

Data presented as mean*SD

*values within the same column with different letters are significantly different

(P<0.05). C : Chaetoceros calcitrans, I : Isochrysis galbana, P : Pavlova lutheri.
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A5 A o NFe 44 2 AR

1Az 2wy
Agel AH8E olnle AebdE oA A 3. 44T FEAFRAA oA )
22A, 371 o] vlxd 4 srhelsk £ 2 E olgake] A o3

of A=, 47t GSIE 1319 12.30]4THTable 12).

Table 12. Measurement of Urechis unicinctus used in spawning induction the

experiment
No. of adult
Total
Body length®SD(cm) . GSI(Female : Male)
Female Male weight £5D(g)
5 2 15.1£3.1 9471125 131 : 123

AP AR fAL B3t A5 PiA

N

} 163252 el trochoporet-4 &

0.

ol-&atsith HolAEL A% EymIHor £ulUdB  Chaetoceros calcitrans,

M

Dunaliella  tertiolecta, Nannochloris oculata, Phaeodactylum tricornutum,
Tetraselmis seucica®. 2, Conwy culture medium (Walne, 1974)& A3l 4

AT AL 7 o4 BE IFTE MY AR, B

oft

< "¢ 30,000

cells/mt Fie2 SFerg o, F40] 30 my Al weh 10000 AEH F7}a

FAAS 9EE 1ind/mA T, AFS 2 20Tgoen, 2dutth A 34 5
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FAFFE HolAEZ g Wol ol&dE «wFuldd  Chaetoceros
calcitrans,  Dunaliella  tertiolecta, — Nannochloris  oculata,  Phaeodactylum

tricornutum, Tetraselmis seucica2 Hol& FF3te] AE A9 AL A¥S

rok

23, ARMAA HAFEAG 1631252 imold F4o] 302 AH F, Chaetoceros
calcitrans &d 7oA 503£21.34 um, Dunaliella tertiolecta & H 7oA 62112721
pm, Nannochloris oculata &3 FNA 465+31.29 m, Phaeodactylum tricornutum

a7l A 76812610 um, Tetraselmis seucica & TFNA 472+33.85me) A4S

te

o P. tricornutum FaF7NA 74 mg 43S B, YA Fx bgom
25 FA s

T3 HEAG 76812610 mel FY AFL 120897 A5 A, P
tricornutum FFTNA B 3741053 cme®2 M wME AAS B (Table
13). o2 ZAHg o]&3td AAFAF} Age] B AR AAS PR BlL=

25.798RD - 207.76 (r*=0.9203)°) Q1 2 (Fig. 39), A& HZo Agdga& BD=

4

0.2189BL. + 22.383 (r230.9766)i Vel o (Fig. 40).
A4 GEFA3 Hol ME = P tricornutum 7F AAENA 7 =Hoju

I AR,

Aol 7] wol AB2A 433

I
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Table 13. Growth rate and survival rate of Urechis unicinctus fed with different

feed
Body length (gm)
Feed
Initial 30 days Final
Chaetoceros calcitrans 163+2.52 503+21.34 29840+ 414°
Dunaliella tertiolecta 163+£2.52 62112721 31520£572°
Nannochloris oculata 1631252 465+ 31.29 15720+ 359¢
Phaeodactylum tricornutum 163252 768+26.10 37400 £540°
Tetraselmis seucica 163£2.52 4721+33.85 18960=412¢
Control 163£2.52 - -

Data presented as mean*SD.

*values within the same column with different letters are significantly different

(P<0.05).
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Fig. 40. Survival rate of Urechis unicinctus on rearing day.
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Fig. 41. Relationships between body length and body breadth of Urechis unicinctus

larvae.
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Table 14. Measurement of Urechis unicinctus used in spawning induction the

experiment

No. of adult

Total weight GSI

Body length

: Male)

(Female

+SD(g)

+SD(cm)

Male

Female

2177

14.3

94.8+24.7

135*24

40

40
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Fig. 42. Schematic diagram for burrowing behavior of Urechis unicinctus of the

various sediment size. A : <010 mm, B : 1.01~2.00 mm, C : >3.01 mm

Shell+B, D : A+B, E: A+C
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A ARAEYS APAN 02 A F AR A, ALol WA AT
A 3ivkel, 2ARAS woe EFTA CTFIA 23vhe, W wele TEFA D
FolA 210hel, W, mejeh 2AAD EFTA ETAA 32vhelsk BRE Aol w
Aol R BFAAE W vhels #2974 %n(Table 15), olele A#E =
dats) BW Fig. 423 22 REXPPL R =% AR F

A

N
o
i
N

S
>

b7 g A 4, 25~5 em, 5~75 em 73l A 42t 10wkl #EEHA D, Y
2] P e B A o (Table 16).

Table 172 2 &4 @A F2d L8238 Yed ZEM 8AZ77HA 1
0Tl A 42413k, 20TA 1.9417Fe] A& Hbd 25Tl M= 128 %k0] 285w A
o7 uewth 3E, §377tA 9] AR A 10T A 97412, 20T o4 68
R e = )

ol 2P ® YehlY Fig. 389 Zo] F&(T, CT)7 TAGAE A2 AZHh
hour) 3] A4 &

A ZF 28 a1, 25°C oA B55A1 2]

8—cell 1/h = 0.0455 T - 0.3880 (r = 0.8460)
morula 1/h = 0.0057 T + 0.0102 (r = 0.9859)
gastrula 1/h = 0.0019 T + 0.0017 (r = 0.9861)
o2 FAEY. A, Fo] 5&FE B 29 Aol dobAla gloy, o]

A s YEel 04ue eEXE Tahel ¥ AR ¢ B gl AR

Ao 20T AN = 137 74A] 60% 829 BE&S B

olm Q. olA @ Aty B ) AR FANKA A F2 15CAA 20T A
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2o, BB=0.0952BL+153.86 (r=0.8808)2] 2| 4d3AA oz JEFRT

Table 15. Burrowing of Urechis unicinctus after 30 days in each experimental

tank with different grain size

Sediment
Item
A B C D E
No. of Burrowed 31 - 23 21 32

Fig. 43. Triangular diagrams of sediment composition in sampling areas. Closed
circles indicate Urechis unicinctus distribution. C : clay, SC @ sandy
clay, HC : shell clay, CH : clay shell, SH : sandy shell, H : shell, HS :

shell sand, CS ' clayey sand, S : sand.

- 139 ~



Table 16. Distribution of Urechis

unicinctus in every 2.5 cm depth of sediment

Sediment depth (cm)

No. of Urechis unicinctus Survival rate (%)

0~25

25~50

50~75

7.5~10.0

10.0~125

125~150

10 33.3

10 33.3

Table 17. Relationships between

water temperature and time (hour) required to

each developmental stage from fertilization egg

Water temperature (C)

Developmental stage

5 10 15 20 25 30

8 cell - 4.2 2.8 19 1.2 -
Morula - 16.3 9.8 79 6.8 -
Gastrula - 445 35.2 27.0 20.2 -
Trochophore - 97 74 68 55 -

- 140 -



© 8-cell stage o

0.7 ® Morula stage Q)Q\
X Gastrula stage g

1/h (h=HOUR)

WATER TEMPERATURE (°C)

Fig. 44. Relationship between water temperature and time required to each

developmental stage after spawning.
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Survival rate (%)
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Development stage

Fig. 46. Survival rate of Urechis unicinctus on development stage.

Mo * Morula stage, Ga : Gastrula stage, Tr : Trochophore stage, seg

segmentation.
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Fig. 47. Relationships between body length and body breadth of Urechis unicinctus

larva.
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Fig. 48. Developmental stage of Urechis unicinctus in laboratory.

A.
B.

O

MmUY

Trochophore stage. scale bar © 160 gm

2nd segmentation stage. scale bar : 440 m
13th segmentation stage. scale bar @ 540 m
Urechis unicinctus juvenile. scale bar @ 750 um
Urechis unicinctus juvenile. scale bar @ 950 um

Urechis unicinctus juvenile. scale bar : 15~2.0 en3.24.

- 145 -



ki3

N

ARG RS

3|

3|

1 7€ sEivet

}é]_

o)

%

9]

Mo

wir

o Wk Hou, =

w2t gA], 29

8 A o

o Fgo] B

o 1 k4ol =

olpl AAE AT lM FAHNFL

of

of g owoge] rEoldE

o el 7)Aol E HAH FFESF AYANS A BHEoE

oj

o
)AO

T

-
=

AR go o2 =

soid Aot mebd

ol & A

Fow gelbe 2AE

AR

2
T

g}

%

_g]

o

2

=

o
ol
L

oF
il

Fol ¥

157

El
=

™ “spoon-worm” |t E#$o AMARoZ 37 37

Q)
=

L=
L

TNE5F

- 146 -



A

X A4ske AeE oA Qo o5 &)

sk
U
A
o
A
BN
r:\‘«
=
2
X

>,
2
2

T 4, 2 F Ho| Mgt AR AP Aol flx, ARS e uAFo
o 2715 F mmolA 4 cmeld, #=8E 9 E ZEHClark, 1969; Stephen
and Edmonds, 1972; Storch, 1984). 71E 7+ =0ddA 4 100 m A=7A &2
e, A2 A, Ud, ARl o UAE &g TEo] MAsa dthClark,
1969, Stephen and Edmonds, 1972; Storch, 1984). %2 y&te) MAsteE AE(U
unicinctus)®] 73 Y= 9F5E 5 (Echiurida), ¢7(Echiurida), Xenopnuesta
5 Urechidaes}oll €39 Urechis&oll= 420 ittt £3], 7HE ANl 333E
& B35t sivtdolate Aol TR Aoz LA UtHAm, et al, 1992).

o Adde 98 FHFFENA Y F gle 5359 sterols T&

7}, =g

I AAY, »3A, g3 Ms™, 1998, &AW ¥ Urechis unicinctus(von
Drasche)®] AstE A% A 1. F2A] vXe 259 F3 oA
Stal=F3, 13(2) @ 973~9381.

2. A4E, 1ER, d4F, T4, oldi, o9, 1999. FFN AR, Urechis

Hel 9%e 9% 93

o2

CH‘

unicinctus (von Drasche)®] ¢ Ao mlx]

218F3] =] 12(2) © 155~161.

3. AAY, 45X, 345, A, 34, AEY ol¥, 199, 2%, pH, E¥ W
4 R FAC] MNE, Urechis unicinctus A0 vl X g3 offuistn
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