117

s Y R (R kS B R L

R F & BROZ2 %
rh e BT B B 7

& =

BB AR B S R A T  2 R o Ch  RE ARE B e
BHRELIEA WA BB KRR 2T o )

1. &i

ERUARE  BAEEZEE - (LIFFK » REERYE » BEZRESMNAM » £TEHE
5 DBOKSBE Y EEEE - )1~ W0 » JEHERESE (8 1984) » M=l kAR &
MR EHR (B 1989) o REARYIEMeIENcERAE (4 1988 » R 1988 » S
1988) » BEFIREX B EBRENTES « HENI » TEAEIRIEBRE HHHNER

BB » B MLBZERS  SERAEYER - HERWT :

WAEEREYRTEEE LRENSENHTY - KESUYEZXABGAHE  SYALSE
SERBERIMYEZES  MAYAF LS IBEZFE > FIBRZ BB BEW N ES RIS A
No

QEREFEYALEZREN » HEHBYZ RET— » FHEYRELE  BERTASS
PRE IR R B H A RIE - Bt » KEHAETHES > KSR ELHRES - AINERST
B R ERB 2B MAEN 044 (Bryan ef al, 1985) » B RBHBE—EEYR2ENE
#2fE (Universal indicator organism) » (BEHAEYFIMIEE Fucus vesiculosus » B, Serobi-
cularia plana REEH Mytilus edulis TUFRERF4EESE » MESEEYIRYE &
ESBAHY  GIINERIE Littorina littoralis BB » %FEIMH Neries diversicolor ¥4H »
Platicethys flesus $PEHTRERK o

CEYERAVEI KA/ » 8FEEMBR (life spectra) © f4ARER BB KE - 12
~BRE > AR MR KSTFEER RTR - £ ACBIERERKH  HEFEIIFEKIE 5 AT
18 EEMEIRY 5 H—REBR - IRERFREZRETENE R RAKER S » Nk e
ERAMECESRERACHLEY » MOREES » BEWHEAE (suspension feeder) ~ iR
Yy RE (deposite feeder) RHAE » BHRNERS REETEHA (BHSRK) WELER
R BT ERREYIEX (Biomagnification) (Bryan et al., 1985) o

LY BEESWERKREE LREESYFBRE I (deuterostoma) » MENER
REMREERYRIEEERELZ%ER (Dinnel ef al, 1988; Pavillon, 1988) o Z#@igiA R4 B
FEEY » BRI E R ER » SHEBEREANEYBRESR » Bt ReRBERI R EY
EEYERZERIEVUMNMEZ -

]|

2. BRMEREEMBEREMEY
Dinnel %% 1988 4 » frARHENERE Y 2 RBEBERSER A - L HEGN



118

mF .
Bre 18 fiiadhi » AFIREF R iR 2 BT IR AR R LR £ 052 © TS » SBEAIHD
MEPIR R AL ANE (4R - RENRE) TTRRMTE  EZ-+F » s RREBHRIR
» BE T BT MEEER TR RTEARIE SRR E S AP R AR -

BIREBRIES (BRETRIR) ZATUEERRNREERE - RRBFE 20 4070 30
A REREH S APEEESBEERIIZ SHNRRE LY B - EFRRIIEIIR AR
HESE (RELMWE) WEHABERHEE - Bink 50 £R570 60 FREGBBIERHNART
VRT3 LRI RS I TR RA SR T B A K © #E 1971 48 » Kobayashi 7E R A EEIFI RGO 4E
WK E o E—FEERTBETE T LGSR RIMATEHER (Kobayashi 1974,
1977, 1980, 1981) « fEfE+HE » EBBHHSFAHNSCENTE » EFTEMBIT

OLIREBRAEA NS E

KB L BHREEREENEBERERET  MEATFESERIE TR s REWEE
YRR HETRERBENTE

WITREE

FREGAENRE  FEEOBS T » BISREE - (f 0 EH LM ARNAEREREBIT
B:Rd (Axiak and Saliba 1981) ;s @B ETR » FIRBEEMSDERREHENE (Strongylocentrotus
droebachiensis) » SHEE X BB e (Johnson 1979) » EAKHEHEH N RHESEZE
& s BOBLMRIE » &F » Hay et al. (1986) R Arbacia punctulata ¥R HLECEER
R AR RIE 2 RIESRRATRRETRIEE TR -

QRRIEE

%58 (Dendraster excentricus) RESRTERBICBMEE » HHMBMBLR  RRULW
¥EyyeE (Schiewe and Misitano 1986) o fi's Diadema antillarum ZaAm (CH L&Y
) By B3NS 4E (Neff and Anderson 1981) o ¥¥gfg Strongylocentrotus intenne-
dius %5 05~1mg/l T 1A HEpmisE R ¥ % (Khristofor et al, 1984) - %
BTSSRI 0 B RME RIS BB A RS SRS (Allian 1978; Danfi 1980) o XA
B SOEREF KPS RSN » HEMREARHE (Delmas and Regis 1984) o

(1 EMmBRR

TELIEBMEEYRE 0 BREGRELE S droebachiensis Hy £ 7E R (Letourneau
1982) ; FERIMMIEE » FEXEFKPERERR S. purpuratus » HARERNE SR EE M
BB S ERE metallothionein BHEEATRE TENNEE (Jenkins ef al, 19823,
b) o

@ETRERBENY

KIS BN NEEE T RO R RA R E T S RAE B BB T 2 8 BT REAEREEN o Bof 0 —LE
W EHEHE LSBT RENBYEABREA LIBFge s SR FTHE O BE FAE R R R £ B3
S RREWER » LRTRERATE (Khristoforova et al, 1984) FOER4 W YSHISE
(Vashchenko 1980) » "B F TR F L T A T 5 2 A S A MRS R RO - Hose and
Puffer (1983) bR BIRMET AR BEERBNET (REVRHT TREAEIE) REFEHRERK
B (RENFBEANERE EY,/ MRikEE LRREL) o

OLEFNEMOTE
JEE P FE IR BT A O P M OB RS D HER » PRESRIRERTD » B LA ROy BL
Bz ol s QMRS R RS BRI R > FII0 L T IEH ~ FILRIE » DRRBLRE ~ EE



119

BAERRBESE  JELARMANLIER -

ORFRSETH

WTRES DT AN ESBEYE (Timourian and Watchmaker 1977) o ]RTf » &8 Hbil
R ED > FEMEEHENER » RMATELEONEFIEETHEE (0 ISHOLRERRAE
HRURET) o SFFTTLIFIR ARG E (Blom 1950) R4 gt EMs SERIRE T » ISERTENED
TE o '

B4 BT A ML b B B S B 5 EE (Dinnel 1984) o —EEHELEHET 2N » 10
0 o SN TEWBEMTEINZ TR o R » ERBRABEh 2R TFAY - THERICE FHiEHRE
(Hose and Puffer 1983) o & » A LIFIRFIMEFENSE (SEM) Hud¥msTARAIE -

RTEENEENE  WEARMNESYNTE - TSR ETRNYERT THEDR
FE&EREY (Mohri and Yasumasu 1963) o

@% B

TR BRZRERE  ERENNRARE LRRTE - BREERENCERREV LS
Y (BRAIIRESE) HIFENEE  (LEE 70 £/ FREFHAZSHHBERESY (Allen 1971,
Muchmore and Epel 1973; Renzoni 1974; Heslinga 1976) o B3f » EVEFIAE T/ SHE
ERENE  ELAEIHRERZAELARENREFRINMEE (Oshida and Geochey 1981;
Dinnel et al., 1982; Esposito et al., 1984; Pagano et al., 1986; McGibbon and Moldan
1986) - Sk RAVKE T/ ZRERUMREH: (Dinnel ef al', 1987) F3£E EPA B miti 2 ke
Z— (Nacci et al, 1985) o BEZREREEFERE  —BRAE LR A5EF > BEA%H
EEES  TRERIMAFTFIAN o EEREFELNKWHKRE (Renzoni 1974; Kobayashi
1980; Oshida et al., 1981; Dinnel et al., 1982, 1983; Dinnel and Stober 1987) =&
96 h pufE ~ G ARMETHEY (Dinnel ef al, 1981; Dinnel 1984; Nacci ef al., 1986)
BB -
SIVEN TR o pape S

(LB E SRR » FEWE] 19 #42K (Herbst 1893) o BREHE » & Wik
TR Y EE MR LN ERM P A YA ERE - (AEEERE 30 4 THEFEELFHKS
HIAPESL - Wilson and Armstrong (1961) H4&#lE3I MM ANE £ ERRKETESITFE
B - # 60 FER 70 £ HHPRE o FRAEKRNRASN - ARBEHMHERSE (Koba-
yashi 1971) < 28RN TR SEAIERE - MIANAERBEER - RSN EREE -

B+ AR ERUEERRBANEE A TESNSENER FSTTHFIEELE » Qi3
ERWSNEESRE (Bay and Oshida 1983) ;5 Ff st AKalREEIE DNA A5E (
Jackin and Nacci 1984; Nacci and Jackin 1985) ; siieh NS RERE » BEERAE DNA
(Jackin and Nacci 1986) Vacquier and Brachet FIFREEREER (lucine) E&E »
FIAMELESKE » LIRB: DNA B85 E - Allemand et al. (1987) BHEREEZR » KKk
PRAVERI R > BEAA SRR T IF4ER - Uher and Carroll (1987) RS LERRYSECBERRE o 3R
B AT 1R A A SR A AR B e o SERE R A ERAUTR S TTREIS AR R B T RIS R AR o

ERRRENER » SRBIARAEENEXR o Vacquier and Brachet (1969) WaE
- THBE#X Ethidium Bromide & RHERERE AR » REBIAEEAHS% (Pagano ef
al. 1982, 1983, 1984, 1985; Hose et al. 1983; House and Puffer 1983) o fEH— i i HE
FATEIRIREET MR, - Hose (1985) 0 Pagano ef al. (1986) &7IHEEMRMRTE » K4 TH



120

Ttk BAENEY (EEEGER) - RSN (BENEKSZERE » 5O TSR T
EEEHINMINEER) MEBTRES » FRANSE o SHERE 4B R RIR G RELAT
o RIEHEER S FRETEE o

fre BRI IE IR R T o SRR, ¢

- HOBY '

2 UG 24

- SRR ERER

~ RTTRURAY R HE

- BRETAFR R AR

- ERLA

- BHME

* 2ERENRR R

- BERER B

B AEERA R 2 EREER » AFCENRES | OFEBREZ M » B EmEihhE » ©
EREMANEAMAEY 2R » RZ BREN L EEE  OFEERNFERS » OBERSHTENRESE
YE (BAERESEHBEDENIETERBFNAELR) -

3. EEBMEEBMENERZHARAIRESE

 EE B E RN AN 35 & BBH 23 & EE 16 & BBRE I3EREFTA 20
f& (Hayasaka, 1984; Chen and Chang 198la; Wu, 1982; Wang, 1984; Chen ef al.,
1988; Chao & Chang 1989a, b) o BT ER S RERET » “ﬁﬁﬂ)ﬂi@?ﬁﬁﬁi@
(water table) 3% o

BRICBRI BB Bi8s: Arachnoides placenta, Taiwanaster mai » 3§82 Archaster
typicus, Patiriella pseudoexigua, Asterina coronata » Y2 Actinopyga echinites RIERER o

EBEWmEEYF » DBREZ FHERR » REBHTE - BEEEY  BTHTE BE (P
pseudoexigua) NTHRSERHE  MBKENBEEAS ; BPWERE (4. typicus) MIDFEIEE
B BEREREHTE > BHEETES BBTHIEE  EFEETE  MHARETRRE
BHE  BEFBRREZINEBRZHE » AWEELH o

BRERTSZBEREN » BEBEHHNERES « HAERE - #IBC AT LEEFFE - &
ir» Chen (1990) Eir&RBEEBMK B AMENE » MAMSEET G- B 1989) Ris
FREZFAETHRAERE B 1989) » EEREAERBREZERUMEHEZF o

A ERTRBEN 0 BUKSIES BHEEs M BME4AE7%E (Chen and Ch-
ang 1981b) o HEALBIAA ~ 1¥#e > JEEE - MNSHNEIIENE » BREABHRKRE RN -
RrAETERYERAMBN BEERK L — « SEFRREREENBRAR KR EHBIT

REEABE DY ZEARREER » BERBENERZ 24 BTEZREEE > TiEREE
B ERESA o TRURIEAN » HAYHRLEERS BB 2EY » HREST LTESS
BRI © At o ATEEILE » FERTI0R ~ SPRVEERA L » LR BIFE AR o

FRE » RATSHAREEERERE B8 » KERENIEE STHETRERRAM » T
AR DR RS EM o TAIBER A BBUS T UFRISTIEE R - RIBRSERET 24 » SEFEHRE
MBI Z T o



121

4. ¥ Bl

ABEBAESHERER  LSBEASNERZE  WBE THRZABES  UMBET4AS
TEHFRZAFFE » A ARFRLAB LS A RUMANEFTERNES RS » MRMAENES o A
BUESER EHRER T RS W B RERES FHE R0 SRR LPTE £ & B LERMAETE o

% B

ARERE[BNATRE BREVENREERKRTIZHE] b (HEBYZERZ G
1 R RS EE B o

2 £ X K

PIEEAN ~ SEEESS ~ BRI » (1988) o FEMBAFME MBI K EBCREZEN - BERERA EREWHE
WAE L 337-361 H o

DRl ~ B 0 (1989) - A B AL BRREAFE—LIER - BEREESH - £HHSB, g=+248 %
_ﬁ » 5-22 E o -

MRE ~ WU > (1988) - ZHEF RN BBEMEMZ TTHERE  BEKERAEREWHLHTHE» 317-355
E: Q

HHCE S BB 0 (1989) « BN AR EEA Tk - YR E» B=1+ 2% ET1» 29-39 o

ARkt o (1984) ) MERBERYE » EREKEREHT -

B—X > (1989) - RBMIKEZLRKERWEZRE » HERBE - hBKE» 5 439 #175-15 Ho

B S WIERK ~ B~ REL ~ HEE - BB » (1988) « EBE B REBHBKGELTHEESATER
G RERERLEERFTHASRLEL 6794 Ho

Allain, J.Y. (1978). Deformations du test chez I'oursin Lytechinus variegatus (Lamarck) de la Baie
de Carthagene. Culdasin 12: 363-375.

Allemand, D., G. DeRenzis, J. Girard and P. Payan (1987). Activation of .amino acid uptake at fer-
tilization in the sea urchin egg. Exp. Cell Res. 169: 169-177.

Allen, H. (1971). Effects of petroleum fractions on the early development of a sea urchin. Mar.
Poll. Bull. 2: 138-140.

Applegate, A.L. (1984). Echinoderms of Southern Taiwan. Bull. Inst. Zool., Academia Sinica 23: 93-
118.

Axiak, V. and Saliba, L.J. (1981). Effects of surface and sunken crude oil on the behavior of a sea
urchin. Mar. Poll. Bull. 12: 14-19.

Bay, S. M. and P.S. Oshida (1983). A simple new bioassay based on echinochrome synthesis by larval
sea urchins. Mar. Environ. Res. 8: 29-39,

Blom, E. (1950). A one-minute live-dead sperm stain by means of FEosin-Nigrosin. Fertility and
Sterility 1(2): 176-177.

Bryan, G. W., W.J. Langston, L.G. Hummerstone and G.R. Burt (1985). A guide to the assessment
of heavy-metal contamination in estuaries using biological indicators. Marine Biological Associa-
tion of the United Kindom.

Chao, S.M. and K. H. Chang (1989a). The shallow-water Holothurians (Echinodermata: Holothurio-
idea) of Southern Taiwan. Bulletin of the Institite of Zoology, Academia Sinica 28(2): 107-137.
Chao, S. M. and K.H. Chang (1989b). Some shallow-water asteroids (Echinodermata: Asteroidea)

from Taiwan. Bulletin of the Institute of Zoology, Academia Sinica 28(3): 215-223.

Chen, C.P. and K. H. Chang (198la). The regular sea urchins of Taiwan. Bull. Inst. Zool., Academia
Sinica 20(2): 79-86.

Chen, C.P. and K. H. Chang (1981b). Reprodudtive periodicity of the sea urchin, Tripneustes gratilla
(L.) in Taiwan compared with other regions. International Journal of Invertebrate Reproduction, 3:
309-319. ;

Chen, J.C., K. H. Chang and C.P. Chen (1988). Shallow water Crinoids of kenting national park,
Taiwan. Bull. Inst. Zool., Academia Sinica 27(2): 73-90.

Chen, C.P. (1990). Reproductive biology of Echinoderms in Taiwan. Acta Oceanographica Tai-
wanica. (in press) .



122

Danfi, J. (1980). Abnormal growth patterns in the sea urchin Tripneustes cf. gratilla (L.) under
pollution (Echinodermata, Echinodea). J. Exp. Mar. Biol. Ecol. 47: 259-279.

Delmas, P, and M. B, Regis (1984). Influence of domestic pollution generated by the discharge of
the Marseilles-Cortiou sewage outlet on the distribution and morphology of Paracentrotus lividus
(Lmk.). In: Keegah, B.F. and B.D.S. O’Connor (eds.) Echinodermata. Proc. Fifth Internat’l.
Echinoderm Conf., Galway, Ireland. p. 381.

Dinnel, P. A. (1984). Development, refinement, and valldation of a sperm cell bioassay for toxicity
assessment of marine waters. Ph. D. Dissertation, Uhiv. Wash., Settle 220 pp.

Dinnel, P. A., Q.J. Stober and D. H. Dijullo (1981). Sea urchin bioassay for sewage and chlorinated
seawater and its relation to fish bioassays. Mar. Environ. Res. 5: 29-39.

Dinnel, P. A,, Q.J. Stober, S.C. Crumley and R.E. Nakatani (1982). Development of a sperm cell
toxicity test for marine waters. In: Pearson, J.G. Foster, R. B. and Bishop, W.E. (eds.) Aquatic
Toxicology and Hazard Assessment: Fifth Conference, ASTMSTP 766, Amer. Soc. Testing and
Materials, Philadelphia. pp. 82-98.

Dinnel, P. A, Q.J. Stober, J. M. Link, M. W. Lstom, W.R. Roberts, S.P. Felton and R.E. Nakatani
(1983). Methodology and validation of a sperm cell toxicity test for testing toxic substances in
marine waters. Final Report to Wash. Sea Grant. Univ. Wash., Fish. Res. Inst. FRIUW-8306.
208 pp.

Dinnel, P. A,, J.M. Link and Q.J. Stober (1987). Improved methodology for a sea urchin sperm cell
bioassay for marine waters. Arch. Environ. Contam. Toxicol. 16: 23-32.

Dinnel, P. A. and Q.J. Stober (1987). Application of the sea urchin sperm bioassay to sewage treat-
ment efficiency and toxicity in marine waters. Mar. Environ. Res. 21: 121.133.

Dinnel, P. A., G.G. Pagano and P.S. Oshida (1988). A sea urchin test system for marine environ-
mental monitoring. Echinoderm Biology, Burke et al. (eds). pp. 611-619.

Esposito, A., M, Cipollaro, G. Corsale, E. Ragucci, G.G. Giordano and G.G. Pagano (1984). The
sea urchin bioassay in testing pollutants. In: Dov, H.G.M. and C.M. Giam (eds.) Strategies
and Advanced Techniques for Marine Pollution Studies. NATO, Brussels.

Hay, M.E,, R.R. Lee Jr., R. A, Guicb and M. M. Bennett (1986). Food preference and chemotaxis
in the sea urchin Arbacia punctulata (Lamarck) Philippi. J. Exp. Mar. Biol. Ecol. 96: 147-153.
Hayasaka, 1. (1948). Notes on the Echinoids of Taiwan. Bulletin of the Ocean ographical Institute of

Taiwan 4. 1-35.

Heslinga, G. A. (1976). Effects of copper on the coral-reef echinoid Echinometra mathaci. Mar. Biol.
35: 155-160.

Hose, J.E. and H.W. Puffer (1983). Cytologic and cytogenetic anomalies induced in purple sea
urchin embryos (Strongylocentrotus purpuratus S.) by parental exposure to benzo (a) pyrene.
Mar. Biol. Lett. 4: 87-95,

Hose, J. E. (1985). Potential uses of sea urchin embryos for identifying toxic chemicals: Description
of a bioassay incorporating cytologic, cytogenetic and embryologic endpoints. J. Appl. Toxicol.
5: 245-254.

Jackim, E. and D. Nacci (1984). A rapid aquatic toxicity assay utilizing labeled thymidine incorpa-
tion in sea urchin embryos. Environ. Toxicol. Chem. 3: 361-363.

Jackim, E. and D. Nacci (1986). Improved sea urchin DNA-based embryo growth toxicity test.
Environ. Toxicol. Chem. 5: 561-565.

Jenkins, K.D.,, D. A. Brown and P.S. Oshida (1982a). Detoxification of metals in sea urchins. In:
Bascom, W. (ed.) SCCWRP Bien. Rpt. 1981-1982. South. Calif. Coast. Water Res. Proj. pp. 173-
223.

Jenkins, K.D., D. A. Brown, P.S. Oshida and E. M. Perkins (1982b). Cytosolic metal distribution as
an indicator of toxicity in sea urchins from the Southern California Bight. Mar. Poll. Bull. 13
(12): 413-421.

Johnson, F.G. (1979). The effects of aromatic petroleum hydrocarbons ou chemosensory behavior of
the sea urchin, Strongylocentrous droebachiensis, and the nudibranch, Onchidoris bilamellata. Ph.
D. Dissertation, Univ. Wash., Seattle. 110 pp.

Khristoforova, N. K., S. M. Gnezdilova and G. A. Vlasova (1984). Effect of cadmium on gametogenesis
and offspring of the sea urchin Strongylocentrotus intermedius. Mar. Ecol. Prog. Ser. 17: 9-14.
Kobayashi, N. (1971). Fertilized sea urchin eggs as an indicatory material for marine pollution

bioassay, preliminary experiments. Publ. Seto Mar. Biol. Lab. 28(6): 376-406.



123

Kobayashi, N. (1974). Marine poliution bioassay by sea urchin eggs, an attempt to enhance accuracy.
Publ. Seto Mar. Biol. Lab. 21(5/6): 377-391.

Kobayashi, N. )1977). Preliminary experiments with sea urchin pluteus and metamorphosis in marine
pollution bioassy. Publ. Seto Mar. Biol. Lab. 24(1/3): 9-21.

Kobayashi, N. (1980). Comparative sensitivity of various developmental stages of sea urchins to some
chemicals. Mar. Biol. 58: 163-171.

Kobayashi, N. (1981). Comparative toxicity of various chemicals, oil extracts, and oil dispersant
extracts to Canadian and Japanese sea urchin eggs. Publ. Seto Mar. Biol. Lab. 226(1/3): 123-133.

Letourneau, M. W. (1982). Toxicity of cadmium, copper and silver on five Puget Sound marine
organisms. MA Thesis, Univ. Wash., Seattle. 79 pp.

McGibbon, S. and A.G.S. Moldan (1986). Routine toxicity testing of toxicants using a sea uchrin
gamete bioassay. Mar. Poll. Bull. 17(2): 68-72.

Mohri, H. and 1. Yasumasu (1963). Studies on the respiration of sea urchin spermatozoa. V. The
effects of PCO.. J. Exp. Biol. 40: 573-586.

Muchmore, D. and D. Epel. (1973). The effects of the chlorination of wastewater on fertilization in
some marine invertebrates. Mar. Biol. 19: 93-95.

Nacci, D. E. and E. Jackim (1985). Rapid aquatic toxicity assay using incorporation of tritiated-
thymidine into sea urchin, Arbacia punculata, embryo. In: Bahner, R.C. and D.J. Hansen (eds.),
Aquatic Toxicology and Hazard Assessment: Eighth Symposium. ASTM STP 891. Amer. Soc.
Testing and Materials, Philadelphia, PA. pp. 382-393,

Nacci, D., E. Jackim and R. Walsh (1986). Comparative evaluation of three rapid marine toxicity
tests: Sea urchin early embryo growth test, sea urchin sperm cell toxicity and microtox. Environ.
Toxicol. Chem. 5: 521-526. )

Neff, J.M. and J. W. Anderson (1981). Response of Marine Animals to Petroleum Hydrocarbons,
Applied Science Publ. Ltd., London. pp. 89-92.

Oshida, P.S., T.K. Goochey and A.J. Mearns (1981). Effects of municipal wastewater on fertiliza-
tion, survival, and development of the sea urchin, Strongylocentrotus parpuratus. In: Vernberg,
F.S., A. Calabrese, F.P. Thurberg and W.B. Vernberg (eds.), Biological Monitoring of Marine
Pollutants. Academic Press, New York. pp. 389-402.

Pagano, G., A. Esposito, P. Bove, M. de Angelis, A. Rota, E. Vamvakinos and G. Giordano (1982).

Arsenic-induced developmental defects and mitotic abnormalities in sea urchin development.
Mutation Res. 104: 351-354.

Pagano, G., A. Esposito, G. Giordano, E. Vamvakinos, 1. Quinto, G. Bronzetti, C. Bauer, C. Corsi, R.
Nieri and A. Ciajolo (1983). Genotoxicity and teratogenicity of diphenyl and diphenyl ether: A
study on sea urchins, yeast, and S. typhimurium. Terat. Carcin' Mutag. 3. 377-393.

Pagano, G., P. Bove, G. Calicchio, M. Cipollaro, M. de Angelis, A. Esposito, F. Malgieri, A. Rota, E.
Vamvakinos and G. Giordano (1984). Non-linear dose-response patterns in mitotic abnormalities
and developmental defects following sea urchin sperm irradiation. A non-Hertwig effect. Muta-
tion Res. (Abstract) 130: 184.

Pagano, G., M. Cipollaro, G. Corsale, A. Esposito, E. Ragucci and G. Giordano (1985). pH-induced
changes in mitotic and developmental patterns in sea urchin embryogenesis. 1. Exposure of
embryos. Terat. Carcin. Mutag. 5: 101-112.

Pagano, G., M. Cipollaro, G. Corsale, A. Esposito, E. Ragucci, G.G. Giordano and N.M. Trieff
(1986). The sea urchin: Bioassay for the assessment of damage from environmental contami-
nants. In: Cairns, J. Jr. (ed.), Community Toxicity Testing. ASTM STP 920. Amer. Soc. for
Testing and Materials, Philadelphia, Pa. pp. 66-92.

Pavillon, J.F. (1988). Sea urchin eggs and larvae: Excellent biological indicators. Echinoderm Biol-
ogy, Burke er al. (eds.) pp. 621-626.

Renzoni, A. (1974). Influence of toxicants on marine invertebrate larvae. Thalassia Jugoslavica 10
(1/2): 197-211.

Schiewe, M. and D. Misitano (1986). Juvenile geoducks and sand dollars studied for use in fong-
term sediment bioassays. In: Quart. Rpt. Northwest and Alaska Fish. Center, NMFS, Seattle,
Wash. July-Aug-Sept. 1986, pp. 17-19.

Timourian. H. and G. Watchmaker (1977). Assay of sperm motility to study the effects of metal
ions. In: Drucker, H. and E. Wildung (eds.), Biological Implications of Metals in the Environ-

ment. Proc. 15th Annual Hanford Life Sciences Symposium, Richland, Wash. ERDA Symposium
Series 42: 523-535.



124

Uher, V.1. and E.J. Carrol, Jr. (1987). Characterization of hatching-associated changes in the sea
urchin fertilization envelop. Gamzte Res. 16: 267-279.

Vacquier, V.D. and J. Brachet (1969). Chromosomal abnormalities resulting from ethidium bromide
treatment. Nature 222: 193-195.

Vashchenko, M. A. (1980). The effect of water soluble hydrocarbon fraction of diesel fuel on the

development of gametes and quality of offspring of the sea urchin Strongylocentrotus nudus.
Soviet J. Mar. Biol. 6(4): 236-242.

Wang, C.C. (1984). New classification of clypeasteroid echinoids. Proceedings of the Geological Society
of China 27: 119-152.

Wilson, D.P. and F.A.J. Armstrong (1961) Biological differences between sea waters: Experiments
in 1960. J. Mar. Biol. Assn. U. K. 41 663-681.

Wu, S.K. (1982). The ophiurians (Echinodermata: Ophiuroidea) of Taiwan. Biol. Bull. Taiwan Nor-
mal Univ. 17: 15-23.

Application of Echinoderms in Environmental Monitoring
System for Coastal Water Conservation

Chang-Po Chen and Bih-Yuh Chen
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ABSTRACT

Echinoderms, especial sea urchins have been applied world-widely in environ-
mental monitoring. All life stages, from gametes, fertilization, embryos to adults
can be used in various aspects of application. The referent points include the
changes of behavior, physiology, ecology, etc. The potential of applying echino-
derms in monitoring coastal water of Taiwan is addressed.
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