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The issue of endocnne disruption {ED) 1n Invertebrates has generated 
remarkably httle interest in the past compared to research wrth aquatic vertebrates 
in this area. However. with more than 95% of all known species in the animal 
kingdom, invertebrates consbtute a very important part of the global biodiversity 
with key species for the structure and funct1on of aquat1c and terrestrial 
ecosystems. Despite the tact that ED in invertebrates has been investigated on a 
smaller scale than in vertebrates, invertebrates prov1de some of the best 
documented examples for deleterious effects in wildlife populations following an 
exposure to endocrine-active substances. The article provides an overview of the 
diversity in endocrine systems of invertebrates. The principal susceptibility of 
invertebrates to endocrine-active compounds is demonstrated with the case 
studies of tributyltin effects in mollusks and of insect growth regulators, the latter 
as purposely synthesized endocrine disrupters. The additional evidence for ED in 
invertebrates from laboratory and field studies is summarized as an update and 
amendment of the ED lETA report from t998. Finally, conclusions about the scale 
and implications of the observed effects are drawn and research needs are defined. 

KEY WORDS: Endocrine disruption, Invertebrates, Annelids, Crustaceans, 
Echinoderms, Insects. Mollusks, Porifera, Rotatoria, Tunicata, Tributyltin, Insect 
growth regulators . ., _ _..,,. 

I. Introduction 

All animal phyla use chemtcal stgnaling S)"Stems to regulate btologjcal 
functions. Because hormonal control of developmental processes such as 
gro,.th. sexual differentiation. and reproduction is such a widespread and 
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common charac1eristic, it is not too surprising that invertebrates also use 
hormones. While the ba<ic endocrine ~trategy to regulate biological processes 
bas been \\idely consen·ed (.\1cLacblan. 2001). specific components of the 
endocrine system used in varioU> sy,tematic groups have undergone ~•gn­
ificant evolution3T)' di' crgenee. resulting in distinct differences among vari· 
ous biological tau Especially -...ithin invertebrates a huge di,·ersit) of 
chemical signalmg system; can be found and some of the hormones u:.ed 
are unique for specific phyla Other invertebrate groups such as prosobrancb 
mollusks and echinoderms U'i<! at lea~t partially or even totall} comparable 
hormones as vertebrate. so that vertebrate-type sex steroids are produced in 
these groups and play a functional role (de Fur et al., 1999; Hines eta/., 1992; 
Lafont, 2000). Nevertheless, firm evidence of the role of these steroids in the 
endocrine system of invertebrates is stiU lacking for most phyla (Pinder and 
Pottinger, 1999). 

Generally, endocrine systems of imertebrates regulate de\elopmental 
processes identical to those found in vertebrates. including gro\\1h. sexual 
differentiation, and reproduction . Invertebrate species have developed a 
considerable diversil) of life histories \\ith characteristic events such as the 
formation of larval forms, ofien with a succession of different stages and' or 
pupation. metamorphosis, diapause. or other types of resting stages. which 
do not occur in vertebrates Consequently. it is evident that endocrine 
Sy>tems of invertebmtes are con,idembl} more diverse than those found on 
vertebrates (deFur era/., 1999). 

It is almost impossible to provide a comprehensive oveniew oft he various 
endocrine systems of imcrtcbratcs here. Therefore. a rough outline of gen­
eralities is provided. For more detailed information the reader is referred to 
a number of excellent reviews on invertebrate endocrinology (de Fur et ttl .. 
1999; Dorn, 2000; lloffmann and Porche!, 19&4; Pinder and Pottinger, 1999). 
The endocrine system of insects is clearly the best characterized within the 
invertebrates reflecting their economic and ecological significance and e•pc­
ciaUy the need to control insect pests. By far less is known about a number of 
economically important aquatic groups such as crustaceans and mollusks 
and the k.oo,.,ledge on the remaining taJta is even more fragmentary. 

It is generaUy agreed that the hormonal systems of invertebrates are not as 
well documented as thll'C of •crtcbrates. Furthermore, potent.oal effects of 
suspected endocrine-disrupting chemicals (EDCs) on the •arious in,erte· 
brate endocrine systems h:we not been studied as weU as in fish. Nevertheless. 
chemicals ha'e been purposely '}'nthesu£<1 to disrupt the endocrine system of 
a number of insects to aid their control. These so-called insect growth 
regulators (lGRs) represent third-generation insecticides and were developed 
to intentionally interact with the hormonal system of these a rthropods, 
acting as ecdysone agonists. antagonists. or juvenile hormone analogs. 
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Perhaps one of the best documented examples for the occurrence of EDCs in 
the field is pro•ided by tributyltin (TBn-induced imposex and inten;c, 10 

gastropods (\1atthiessen and Gibbs. 1998). 
Although the caM: >tudies of IGR effects in insects and of TBT-induced 

impose' and intersex in prosobranch snails are the perhaps the most com­
plete e:tamples of endocnne dosruption (ED) in wildlife populauon;,. further 
examples for ED in in•ertebrates are rather limited. This is paniall} due to 
the fact that their hormonal systems are poorly understood compared \\1th 
vertebrates. Endocronc changes following exposure to certain compounds 
may therefore be missed or simply be unmeasurable at present, even though 
a number of further examples exist indicating that invertebrates arc suscepti­
ble to ED. Consequently. there is no reason to suppose that far-reaching 
changes as demonstrated by TBT and its effects on prosobranch populations 
are in any sense unique within the invertebrates (Manhiessen and Gibbs. 
1998). 

It is the main objective of tbis article to summari71! the existing evidence for 
ED in invertebrates from both laboratory studies and field investigations. 
Because this objective was also covered by the £DIET A workshop some 
years ago (de Fur <'I al .. 1999), the current attempt will update and amend the 
e'idence for ED in invertebrates to August 2003. 

II. Invertebrate Endocrine Systems and Their Susceptibility 
t:o Endocrine-Dis rupting Compounds 

Almost all metabolic processes in metazoans require coordinated mechan­
isms that, beside~ direct cell contacts, involve chetnica l messengers. There­
fore, all known invertebrate tau use hormones to control biochemical, 
physiological, and behavioral processes in general as well as development, 
growth, and reproduc1ion in particular. Invertebrates represent more than 30 
different phyla \\ithin the anima l kingdom. Consequently, it is not surprising 
that regulation of tbe abovc-mentooned processes by their endocrine systems 
is considerably more variable than in vertebrates. which comprise only pan 
of a single phylum, the Chordata. 

Despite the fact that invertebrate hormonal systems are that dh-crse, some 
basic generalities can be made. Invertebrates use steroids. terpenoids. and 
peptide hormones. but the latter are by far the most common among these 
phyla (Gorbman and Davey. 1991: Lafont, 2000). Although steroids arc 
secreted in vertebrates from true glands. the secretory structures 10 mverte­
brates are often neuronal in origin and arc therefore referred to as neurose­
cretory organs or cells. Steroids, such as ecdysone and the vertebrate-type 
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steroids such as 17~stradiol and te.tosterone, differ from terpenoid and 
especially peptide hormone> in their physical and chemical properties, <olu­
bility. and resistance to degradation. A further issue to be emphasi1.ed IS that 
certain compounds are like!} to act as endocrine disrupters not only by direct 
binding to receptors-acting as hormone mimics (agooists) or as "antihor­
mones" (antagonists) but ai<.O mdircctl} b} modulating endogenous hor­
mone le\'els by interfering "'ith btochemical processes associated \\ith the 
production, availability, or metaboijsm of hormones or also by the modula­
tion of receptors. Therefore, endocrine systems in invertebrates can be pre­
sumed to be subject to modulation by a not foreseeable number of exogenous 
compounds as well. 

Table I summarizes the occurrence of the major hormone groups in 
various invertebra te taxa, based on a number of reviews on invertebrate 
endocrinology (deFur et al .. 1999: Dorn. 2000; Hoffmann and Porcbet, 
1984; Pinder and Pottinger. 1999). It is obvious that perhaps the best under­
stood endocrine systems are tho..e of msectS. followed by crustaceans, echi­
noderms. and mollusks. although the latter are perhaps characterized by the 
most diverse hormonal SY>Iems of lbe invertebrate phyla. The endocrine 
S)Siems of the various ciao..~ of mollusks and e'·en of major group> of 
gasrropods-prosobranchs. opisthobranchs. and pulmonates-differ consid­
erably. re6ec1ing extreme difference. m morphology and life hiMorics. Thi.; 
can be exemplified by the use of vertebrale-l}pe steroids. which do occur and 
play a functional role in prosobntnchs. In contrast, there is no indicanon for 
pulmonates using >Leroids. R•-cently. the first estrogen receptor sequence 
for an opisthobranch mollusk. the sea hare Apl}·sia califomica, was published 
by Thorn ton et a/. (2003). Further still unpublished studies in Japan, Ger­
many and the U K demonstra te the occurrence of estrogen and and rogen 
receptors in a number of marine and freshwa ter prosobranchs and charac­
terize the receptors with regard to ligand binding a nd strucl ure (e.g., for 
Thais da••igera and .\{(lrisa cornuarietis). 

Ill. Evidence for Endocrine Disruption in Invertebrates 

The issue of ED in invertebrates bas found increasing scientific interest in the 
past. although only a limited number of confirmed case, were reponed. 
These are clearly dominated by the antifouling biocide TBT and itS "orld­
wide effects on prosobranch snails a nd IG Rs, wh.ich were designed to act as 
EDCs for use in insect pest control. The following sec1ions will provide a 
summary of these confirmed examples for ED . 
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TABlE I 
Examples ol RtpOOed Hormones •• Olfforentl11'1011ebrate Taxa' 

Tasoo Reported hormones (exampk. CV~~triJII~d prr .uJ 

Coeknter•ta l'<ur<>pcpcidco (Jl)OOOoleucu>e tryp<opban anUdcs - GL Wo.rruoh 

5 

,.('t~ph.~tit); tbyrotds (th)TOxine. slr()/UJarion); rtt1DOtdt, (9-n...rciiJlOIC 
~ld. Ytrutulatltm) 

'l'enutoda f..c:d)-.tcr1.ltili (n:portod but functional role qut'Siitmabl~); terpcncud1 Uu,c:mlc 
hormone (JH) hkc honnQncs.groM.·drt neuropeptide-.(fMRfamide. 
june/tim u.11knou tt) 

.\foUusca Eod)·\tcro1d~ (reported but functional role questwnab/e); ) leroidi 
( 17fl.-eslmdiol. le~to~teront-. progesterone. sexual diOl·r~·nfltiiiOit, 
rfprodltCfimr m tJro.lobranchs): terpenoids (JH reported butjlmC'IIom•l roll' 
qm-.\1/ollllbll'); oeuropepttdes lAPG-Wamide. dorsal body hormone (DBH). 
.'K"-.:ual lhffi·r~ntultl(}tt, gQnad miJtur(uio,, <:JXnl'"ing; egg·laylftg hormone 
(ELH). 't'cNnm'l~ 1-MRfan:ude. neruomodularion; mollu\Can an'uhn~bL.c 
JXPirdct ( \1 1 P~). wo-... th, d~wdopment, enert} metabofimt) 

Ann<bda Ecd)"tero~ch (cc:d)~nc._functional role unkno•-w)~ neuropeplldb 
( F"\t R F· AllUde. nnromodulatm) 

CtuSataa f.cd)"RCt'Otcb fccd)wne. moltrn..,, Titel/ofmaist: :)tc!foic:b ( lifJ-.alrad.tol. 
te1:10\lcrooe. progt::jterooe.func-tiOI'JOI rok lftJcT debut~); 1erpmo..:h 
(mcth)t r...._te (MFI. """"norphims. "pro<N.·t.,.,~ ncuropq>tlllcs 
(androccruc bormoot. s.-.UMJI d:fftrtnriotiott, •ir~I)QtC'11<JiJ rllhr~tiolf. 
~tao:~m h) per&))UDUC hormone ramiJ) CCH H). ,..'Tl mt'tu/tQlunr. 
molt-mh.1batm,J bormooc ( \11H). ecdysuroid prcdu(timr; 
\'ltcflogt"lle'\I'Hnhiblting hormone (VIH). vitellogc.-ne.riJ) 

Insecta hcdy'l1croKb (ecdysone, nwlting, egg maturation); terpenoid:. (111. 
ml'tanu~rpho.m. reprtHluction): ne.uropeptide:s (adipokinetic hormone 
(A K f-1 ). tnC'rgy· mctt~boltsm: allatostatin and allatolropin. J ll pr(NIU<'II(Jfl; 
bombyxin. etdystc•ruid prO<luttlOn. tm:rgJl mtwbohsm; bursJeon, (IJticlr 

umnmg-; diapaw,;e hormone. tmbr)'Onir diupaus~ dJurelM: horm01lc (DH), 
-...·au·r hcmJc•osla.su·; ccdysiS·U~.UCnng hormone (ETH) and eclotoion 
hormone ( bH). t'('dyrl.s ~hol·i<Jr; FMR Famidcs. nt'urMJOOulathm; 
prothCiraciotrorh~e hormone (P'T1"'H). ecdysteroid productu~) 

Echinodermata Stnotdt (prorc:stcronc, tcstooerone., 17Jk:s;tradioL. otron.e, ntrlf(l(mals. 
(lilll,'4'11ltU, 'VkrmDir1f!£1teis. SJ.JO"'-nfnd: neuropeptidh (£OnJd~:-llmuliWJ.& 
~utwstanoc • GSS. -'fHZtoUI:g; maruration·pn>moting factor • \iPF. 
jt"ffllt:atl..·n) 

Tunicau. Steroi<b (lQtosterooe. 11p..e:,uadiol oogt'nlt".su. ¥Crmufpttllt~u . . ~p.rrt •ir.& ), 
n.:uropeptiJ<. !IOO'I<fouopin rdeasing bormooc an3Josu<.I'>W 
dn.-1.--·~nt); lh)TOKb (lbyroXJ.De.prob:aN) umning fNt>c't'JJ durmttwtk 
formr.~tk.JnJ 

'"From Hoffin."'nn and Porchct (l9R4}. dcFu.r eta/. (1999). Pinder and Pothnap:r CJ999). and 
Dom (2000). 
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A. Mollusks: Organotin Compounds and The•r Effects in Gastropods 
and Bivalves 

TBT effects in prosobrancb snails are ranked among the be<t documented 
examples oft be impact of an EDC on aquatic in,ertcbrates (!\ilatthiessen and 
Gibbs, 1998; Mallhiesseo and La\\, 2002). These organotin compounds are 
mainly used as biocides m antifouling pamts. but also in \arious other 
formulations. Tbey produce a 'aricty of malformatiOn' in aquatic animals 
with mollusks as one of tbe most TBT -sell>iti\e groups of in\ertebrates 
(Bryan and Gibbs. 1991). In the early 1980. the first impact of TBT on 
nontarget organisms was obser\ed in rrancc (AI7•eu ~~ al .. 1980). France 
was the first countr; to draw up regulations to control TBT emission from 
antifouling paints and banned the use of TBT-ba'ied antifoulings on smaU 
boats (length <25m) in 1982. This legislation "a' adopted later by other 
countries. Although a consequent drop of aqueous TBT concentrations "as 
e.~pected and reported for some regions. TBT pollution of coastal waters was 
found to have rem:Uned on a h1gh IC\•el or even increased further in other 
areas. Consequently. the International !\1anllmc Organization (lMO) decid­
ed in autumn 2001 to ban the application ofTBT-ba...:d paints on all boat> by 
January 2003 and on ship hulls b) January 2008 Me.1nwhile, the proposed 
ban has been enacted to law in many countne> \\Orldwide. 

The first adverse effects of TBT on mollusks were observed in Cra<.<nstrea 
gigas at the Bay of Arcachon, one of the centers of oyster aquaculture in 
Europe, with ball-shaped shell deformations in ad ults. and a drama tic de­
cline of annual spatfall (Aizieu eta/., 1980). T hese effects led to a breakdown 
of local oyster production in the bay with marked economic consequences. 
Laboratory and field analyses rcve:J icd that TBT from a ntifouling pa ints was 
the causative agent with trace concentrations as low as I 0-20 ng TBT/Iiter in 
ambient water being already effective (Bryan •md G ibbs. I 991 ). Shell defor­
mities in oysters as well as other bival ve groups have been used as biological 
markers of TBT effects (Oehlmann and Schulte-O.:hlmann, 2003). Another 
TBT effect in mollusks was initially described in a number of regions world­
wide in the early 1970s without identifying the organotin compound as the 
causative agent a t that time: a virilization of female pro~obranchs, which has 
been termed imposex (Smith. 1971). Impose< is characteri,ed b) the forma­
tion of a penis and'or vas deferens on female• of gonochoristic prosohranch 
species and is induced at lower concentrations than all other described TBT 
effects. Furthermore. it is a specific r<>ponse of organoun compounds under 
field conditions. 

Today. impose:.: is known to occur in more than ISO pro•obmnch species. 
An incomplete list is pro\~ded b> de Fur eta/. ( 1999). The gradual' irili,ation 
of imposex-alfected females is described by a cla;,ification o;cheme v.ith six 
stages. further di\~ded in up to three different t)pes (a-<) (Fiorom <'I al .. 
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1991) having the advantage of being applicable 10 all affected species. 
Females are sterilized in imposex stages 5 and 6 by a blockade of the pallial 
O\~duct (Fig. I) or by a split bur>a copulatrix and c-apsule gland. The first 
mode of functional sterilization prevents the release of egg capsules, resulting 
in an accumulation of abortive capsular material 10 the pallial oviduct; the 
second mechanism prevents copulation and cap,;ule formation. in young and 
sexually immature specime11> of some muricid species a protogyne se~ change 
can be induced by TBT concentrations, e.g .. abo'e 10 ng as Snlliter in 
Sucella lapillus (Gibb> et al.. 1987) and above 2 ng as Sn~iter in Ocinebrina 
aciculata (Oeblmann eta/ .. 1996a) . 

The classification scheme consistmg of six stages is the basis of the \'OS! 
("as deferens sequence index). calculated as the mean value of all imposex 
stages of a population. It has been ~ho" n that•mpo-c• intensities, measured 
as the VDSI in a range of affected prosobranch species, sho.- a highly sign­
ificant correlation with TBT concentratiOns in ambient sea\\ater, as demon­
strated for the dog "'helk 10 Fig. 2. Con>equcntl). the degree of coastal TBT 
pollution can be assessed \\ith high precision by a determination of imposex 
intensities in prosobranch popula tiOns In add1tion, the calculation of the 
VDSI offers the opportunity to perform interspecific comparisons of TBT 
sensitivities of different species and to measure the reproductive capability of 
a given population (Oeblmann eta/., 1996b). 

The periwinkle Lillorina /illorea develops a closely related virilization pheno­
menon as a response to TBT exposure. 1em1cd intersex (Ba uer et al .• 1995). 
Intersex fema les are either charactcrit.cd by male features on female pallial 
organs, specifically by an inhibition of the ontogenetic closure of the 
pallial oviduct or female sex orga ns arc ~upplantcd by the corresponding 

AG. 1 H)tkcbio uhtN Sc:annins electron mK:I'Ofr".lph' or fem.ab -..;th then mande ta\i.ty 
opened Left: nomul fC'ITI.l.lc: \\-lthoul tmpoiC.'\.: nabt ~lcntuw:d ((malt: m lbe final ~!"!' of 
imposex wrlh blocked o'ldUI."1. Kcl C".aP'ulc: J,la.od: ~ L oop.uQU) os~mn& of O\"iduct (optn left; 
bkded rightt PP. penis: T. lCIUade. Vd. "•li dd'crcn .. 
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AG. 2 Suulla lapJJMs. Rdation.:J:kp b-::t.,cm aqnco\4 TBT conccntnuorh and 1mposex 
intcru.itio.: y = ~5.5obHLI2 + .xt~ n = lSI popubooo !Wm~ (f't\m l<l tt•t)ons.;, = 0.688; 
p < 0.0005. 

male formations particularly by a prostate &]and. Comparable to imposex, 
the intersex response is a gradualtransfom>ation of the female pallial tract, 
which can be described by an evolutionary scheme with four stages (Bauer 
et al .. 1995). lntersc' development cause> restrictions of the reproductive 
capability o f females. In stage I. a loss of sperm during copulation is possible 
and consequently reproductive success is reduced. Females in stages 2-4 a re 
sterile because the capsula r material is spilled into the mantle cavity (stage 2) 
or the glands responsible for the formation of egg capsules arc missing (sLagcs 
3 and 4). Due to female sterility, periwinkle popula tions can be in decline but 
are not likely to become extinct because of the planktonic veliger larvae 
produced by the species. as long as aqueous TBT levels arc not beyond 
mortality threshold concentrations for the larvae (Mauhiessen eta/., 1995). 

The assessment of intersex intensities in periwinkle popula tions is based on 
the same principle as described for the VOSl. The intc"cx index (lSI) is the 
mean intersex stage in a population. A value of 0.0 ind icates only normal 
females (stage 0) occur and no restrictions of the reproductive capability are 
to be expected. LSI value-s abo'e 0 >how that intersex-affected females can be 
found and that reproductive success may be reduced. lSI values are sign­
ificantly correlated to ambient TBT concentrations .md can therefore be used 
in parallel or as an alternative to imposex a,-;essmenb for the determination 
of the degree of coastal TBT poUution. especiall} in regions with a com­
paratively high level of coo tau» nation where sens1ti\·c spccu:s such as 
dog whelks rna} alread) ha'e become extinct. In these areas periwinkles 
are very common and can be sampled in sufficient numbers because 
L littorea is more tolerant rcgardmg hi!!h TBT levels. Impose.< in dog whelks 
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and intersex in periwinkles have been used as combined biological markers 
for the convention-wide TBT effect monitoring of OSPAR (Oslo and Paris 
Commissions. 1996). 

There is increasing e\-idcncc of TBT having also affected the community 
level. including negative effects even beyond the scale of populations. 
Waldock eta/. (1999) analyzed the mter- and ~ubtidal fauna of the River 
Crouch in a number of subsequent surve}'S ber .. ..:en 1987 and 1992 and 
compared the results with older reports before the mtroduct1on of TBT­
based antifouling paint>. Overall. dn'CCtional trends in community level 
attributed to a number of analyzed stations suggested a moderate improve­
ment in environmental condiuons over the sampling period, which was 
coincident with a marked decline in aqueous TBT concentrations at the 
same stations. However. reference to historical data indicated certain taxa 
that were pre•iously frequent or common, e.peciall} ,nails, were only rarely 
recorded or still absent in tbe 1992 survey. 

Far less anention bas been paid to endocrine effect' of TBT in freshwater 
ecosystems. The rams hom snail. Manra rorm<arieti.r. and the freshwater mud 
snail, Potamopyrgus u11tipodorum. exhibit endocrine-mediated effects ofTBT 
tScbulte-Oehlmann et al .. 1995). At the molecular le,•el, TBT interferes with 
hormone metabolism, most probably b} an inhibition of the cytochrome 
P-450-dependent aromatase. increasing the levels of androgens (Bellin eta/., 
1996; Matthiessen and Gibbs. 1998: Morc1llo eta/., 1999), while results from 
the early 1980s show that TBT inhibits the release of a neuroendocrine factor 
from the pleural ganglia. which is respons1ble for I he suppression of penis 
formation in fema les. mulling in imposcx development (Feral and Le Gall. 
1982). Although the factor has not been identified, Oberdorster and Check 
(2001) were able to induce imposcx in llytllll/Ssa ob.10lew by administration of 
the neurohormone APGWamide. A possible explanation for these conflicting 
results may be an even more pronounced Malogy of vertebrate and proso­
branch hormonal systems with neurohormoncs acling as releasing factors in 
both systematic groups, mediating steroid prod uction and/or metabolism 
(Oehlmann and Scbulte-Oehlmann. 2003). 

It has been accepted that impose.~ b induc-ed almost exclusively by TBT 
under field conditions (deFur et al .. 1999). although at least in the marine 
rock shell Thais clmigera (Horigucbi et al .. 1997) and the freshwater rams­
hom snail Marisa comuarie11s (Schulte-Oehlmann eta/ .. 2000) not only TBT 
but also triphen}ltin compounds (TPT) can promote impo-se•. while in other 
prosobrancb species. such as '1/uce//a lapillus and Nassarius retirnlaw;, TPT 
does not induce this ,,ri)izauon phenomenon (Schuhe-Oehlmann et al .. 
2000). 

One of the most imponant IC$SOnS to be learned from the ··TBT story" and 
its effects in mollusks 1S that EDCs may impact different levels of biological 
integrations from molecules to communities affectmg al<o the survival of 
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populations in the field. furthermore, the case history of TBT pro>idcs 
e\idence for 'crtebrate-type steroids playing an important funct1onal role 
in a number of invertebrate groups. including prosobranchs. 

Since the ED lETA "'orksbop. a number of further reports on theeffcctJ.of 
organotin compounds in various taxonomic groups have been pubhshed. but 
still with a clear focus on mollusks within the invertebrates. 

Several field studies were performed inve>tigating the induction of 1mposcx 
in the neogastropod genus Thais. Evans era/. (2001) recorded impo.e.• in 
Thais spp. from each of the sites surveyed in Hong Kong and Singapore, and 
the majority of sampled stations in Phuket and Penang. The most advanced 
symptoms were those from shores close to commercial harbors, marinas. and 
mariculture sites, suggesting that TBT is a primary cause of the condition. All 
females were categorized as sterile from four sites in Hong Kong. There was 
evidence of decreasing symptoms of imposex with increasing distance from 
centers of shipping activity. Particularly, T birubercularis and T. disrin­
guentla are recommended a> indicators of TBT in Southeast Asia because 
of their sensitivity and wide distribution in the region. Bech (2002a) reported 
an enhancement ofimposex in T. thsringuentla from 1996 to 2000 1D Pbangna 
Bay. Thailand. The percentage of females "ith irnposex increased in the 
populations o'er the investigation period. extending from 3.5 km 1n 1996 
to 10 km from the harbor m 1999 and 2000. Becher a/. (2002) performed a 
translocation expenment with T tlisrin~entla taken from a pristine island 1D 

the Andaman Sea and tagged prior to translocation to an area of 1ntense 
shipping activities. After 3 months 17% of the small size (less than or equal to 
25 mm) and none of the big si.ze class (>25 mm) had developed imposcx. 
After 5 months the incidence of imposex in the big and small size classes 
increased steadily with time reaching 86 and 80%, respectively, after I year. 
To evaluate the range of effects in areas of increasing yachting activities, 
T. distingaentla was used as an indicator of imposex at two popular mooring 
sites for yachtS at Phi Phi and Raja Island in Phangna Bay, Thailand (Bcch. 
2002b). The incidence of iroposcx was 100"/o at stations close to the mooring 
sites. A significant correlation "as found between the distanre from the sites 
and the incidence of imposex. Next to T. disringaentla imposex \\3> also 
obsened in further Tlwis species. Bech (2002a) described forT biru~rrolaru 
an increasing inten>~t)' of imposex between 1996 and 2000. Ramasamy and 
Jliurugan (2002) reported impo<:ex in T. bi<erialis from inside the Tutioorin 
port, India. The sex ratio \\3> clearly biased \\~th males being dominant. The 
frequency of imposex in females was 35%. The VDSI indicated the occur­
rence of initial imposex stages I and 2. In another sun·ey along the New 
South Wales coast of Australia, Gibson and Wilson (2003) found imposex in 
T. orbira despite the fact that TBT was partially banned from antifouling 
paints for 10 years. As demonstrated by these authors. imposex was induced 
in this species over a period of 9 weeks in Sydney Harbor. T. clavigera, 
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sampled in Taman oyster mariculture areas, was also affected b) imposex 
(Hung et al .. 2001). lmposcx in Thais bufo. T rutlolplu. T tis.wti, and 
Ocenebra !x>ml>uyana \\as investigated from the Saurashtra coast near 
Gujarat (fewan ~~ al .• 2002). The ma.<imum percentage of 1mposex was 
observed in T. rudolphi \\it.h 47"1 .. 

In addluon to tbe genus nwis. imposex was also observed m other marine 
neogastropods, particularly in snail species of the families Buccmidae, Mur­
icidae. and Nassaridae. Gooding er a/. (2003) recorded iroposex in the mud 
snail llyanassa obsoll'la. The incidenre of imposex increased significantly 
when the snails were exposed to environmentally relevant concentrations of 
TBT (?; 1.0 ng Sn!liter). Neogastropods like Buccinam sp. taken from har­
bors also exhibited imposex development (Strand and Asmund, 2003). A 
field survey on the development of imposex in the common whelk ( Buccinum 
untlt11um) and the red whelk (Nep11mea amiqua) was performed by Ten 
Hallers-Tjabbes et al. (2003). For the common whelk the authors found in 
the Southern Bight and the German Bight of the North Sea (at these loca­
tions sediment levels of organotins were also higher compared to other Sites) 
the highest body levels of all organotin compounds and the highest imposex 
indices. In the red whelk, imposex development increased "'ith <hippmg 
density, too. Chiavarini n a/. (2003) sampled Hexaplex trunruilu from the 
Sicilian coasts and obsef\ed a logarithmic correlation between TBT and 
impose' stages. Rllo' PI a/. (2000. 2001) found very high 1mpo>ex mdiees 
(VDSJ 4-5) in the "'helks H. trunculus and Srr=nita lulemastoma ( Thai< 
haemastoma) taken from marinas of the Mediterranean coa•tline 1n Israel. A 
further field observation on imposex in H. rrunro/us was performed by Axiak 
eta/. (2003). The authors observed t.he incidence of imposex in 11. mmculu.v is 
related to body burdens and to the environmental levels of organotin as 
measured analytically. 

lmposex in the netted whelk Na.vsarius reticularus proved to be a useful 
bioindieator of TBT in polluted areas. The presence of functionally sterile 
females at highly polluted sites suggestS that TBT-induced imposex rna} 
sterilize female N. retirulatus. Barroso et a/. (2002) obtained samples of 
N. reticularus from the west Ponugnese coast. lmposex mcrcased \\1lh the 
proximity of harbors. The percentage of imposex-affected females 'aricd 
between 0 and 100'' The VDSI ranged from 0 to 5. Sterile females were 
found at 20% of the ..amphng stations. TBT and triphenyltin (fP'l) female 
body burden varied from <20 to 1370 and from <10 to 256 ng Snlg df} 
weight, respoctively. Highly significant correlations were established between 
the TBT female residue and the VDSI. Barreiro er al. (2001) measured levels 
of imposex in N. reticulata; at IS localities in northwest Spain. The mascu­
linization of the gonadial section of the oviduct was graded in various 
stages (i.e., degree of convolution resembling the male seminal vesicle). 
This anomaly affected a substantial proportion of females (26.5%). 
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Both Nassarius retimlatw and Potamopyrgus anripodarwn were used to 
monitor androgenic activitic> m sed1ments of the Rher Elbe (Schuhe­
Ochlmann eta/., 200 I b) The majority of seduncnts e'thibited marked andro­
genic activities and some of them. assigned to the ecological status clas>e> IV 
and V according to the European Water Frame\\Orl: Directi,·e, caused a 
maximum increase ofirnpo-;cx intensities in the netted whelk within 4 \\CCks. 
Although TBT was the main respons1ble pollutant for imposex de,·elopment. 
an even stronger biological effect than expected on the basis of analytically 
measured TBT concentrations was asses..ed for a number of sediment>. 
This indicates a contribution of further, not yet identified compounds with 
androgenic activity to the observed irnposex intensities in these freshwater 
sediments. 

TBT also induced imposex in the dog whelk Nucel/alapillus in a number o f 
studies, confirming older reportS (Ba rroso and Moreira, 2002; Birchenough 
er al .. 2002b: Santos et a/., 2002). folsvik et al. (1999) in'•estigated the 
oocurrence of imposex in th~> species along the Norwegian coast between 
1993 and 1995. The concentration ofTBT in the gastropOds from unaffected 
populations was beiO\\ the detecuon hmit (7 ng Sn!g dw). The concentration 
of TBT in dog whelks from affected populations was in the range of 
48-1096 ng Sn:g d". A positive relation between the concentration of TBT 
in dog wbell:s and the degree of imposex was found. N. lapillus became 
locally extinct on some ,bores adjacent to areas of high shipping/boating 
acthity during the period of high TBT contamination in the 1980s and early 
1990s (Birchcnough et a/., 2002a). However. the species bas now recolonized 
sites at which extinction occurred on the Isle of Cumbrae, the northeast coast 
of England, the Shetland Isles, and southwest England. There have also been 
substantial declines in the severity of imposex on adjacent shores where the 
species has persisted during this period. Moreover, imposex was described 
for the mangrove-dwelling muricid Chicoreus capucinus (Bech, 2002b) and in 
,\forula musit·a, M. granulata. M margariti~ola, and Thai.t rufotincra ( Bc:ch, 
2002a). 

As kno"n from several studies (Horiguchi et al., 2004: Ide et a/., 1997: 
Strand et a/ .. 2003; Sudaryanto t!T a/., 2002) TBT aocumulates in mollusks 
effectively. For example, the marine bivah-.: .Uyrilw; t'dulis from the Gulf of 
Gdansk and from Nuul harbor (West Greenland) showed high tissue resi­
dues "ith 68 og Sn/g ww and 104 ng SO:g ww. respectively (Aibalat "' a/.. 
2002: Strand and Asmund, 2003). Likewise. in the tissue of the mussel 
Myrilus gallopro,·incialis from the Adriatic Sea, Nemanic et a/. (2002) 
measured TBT concentration up to 8.540 nglg dw. TBT caused effects in 
M. edulis and M. galloprovincialis and in other the marine bivalves (e.g., 
Mya arenaria, Ruditape.• decussarus). St. Jean er a/. (2002a) used hemocyte 
functions to determine the effect of low concentrations (I, 3, and 6 ng Sn/L) 
of TBT and DBT on the immune system of adult M. edulis under 
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ftowtbrough conditions o,·er II days. Their results support the hypothesis 
that both TBT and DBT can cause modulations of the internal defense 
system of mussels 3t concentrations as low as I ng Sn•liter aner only a few 
da's of continuou> exposure. lo a further study St. Jean "' a/. (2002b) 
est;blisbed strong and sustained responses of hemocyte functions of blue 
mussels exposed to emiroomentally relevant. waterborne concentrations of 
TBT and OBT (0.04 to 0.67 nM), "hicb is interpreted as an in<TCa'!C ofthe~r 
vulnerability to other environmental stressors and pathogens. even at lo" 
seawater temperatures ( <S ' C). often present in high-latitude coastal waters. 
In addition to effects on the internal defense system. Jha er ttl. (2000a) found 
genotoxic effects ofTBT to embryo-larval stages of M . edulis. Moreover. Jba 
er a/. (2000b) suggested TBT was able to induoe cytogenetic damage (si&tcr 
chromatid exchanges and chromosomal aberrations) in lhis target species. 
The authors empha~i?.ed the need to evaluate the genotoxic potential of other 
cndocrine-<lisrupting agent> in different taxonomic groups. 

In addition to Mrrilus spp .. organotin compounds affect other bivalve 
species. For example, the sex ratio in soft-shell clants (.\fya arenaria) >am pled 
from an intenidal harbor zone in the Saint Lawrenoe estuary (Canada) was 
significantly skewed toward males (Gagne et a/.. 2003). Moreover, the con­
dition and gonad-somatic indices. viteUin-like proteins in female gonads. and 
the capacity of female gonads to produce 17fkstradiol were significantly 
reduoed at the harbor Site with respect to the reference site.. The maturation 
status of male gonad> \\3S clearly delayed at the harbor site. Additionally, 
gonad tissue contained TBT at an average level of I 09 t 18 ng Sn!g dw at the 
harbor site while organoti n> were not detected from the reference ; itcs. In 
laboratory experiments Coelho eta/. (2001) studied the effects of sublethal 
TBT concentrations on the growth and development of the clam Rudirapes 
decussarus larvae. Therefore, larvae were exposed to a range ofTBl nominal 
concentrations from 2S to 100 ng Sn/liter for a period up to 13 days. Growth 
and development were severely affected by TBT conoentrations ~2S ng Sol 
liter. A 3- to 6-fold reduction of growth was observed in these early larval 
stages. A field study of Coelho et a/. (2002) re\ealed TBT burdens in R 
derossatus, sampled from the most important fishing harbor of the southern 
coast of Ponugal. having deleterious developmental effects. 

:-.foreover, in literature. TBT effects on the abalones Halious madaka and 
Haliotis gigamean "ere recorded. In this conte-.:t Horiguchi et a/. (2000) 
performed a field study with /l. madaka evaluating possible endocrme dis­
ruption and considering the causal factors for the decline of abalone stocks in 
Japan. Abalone specimen$ were collected from a reference site and 3 site 
representative of declining abalone populations. Approximately 20'1• of the 
abalone from the polluted site were masculinized fema les with an ovo-testis. 
T be masculinization of female abalone was similar to the imposex condi­
tion, typically induced in other gastropod mollusks by TBT and TPT from 
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antifouling paints. In srtu exposure of abalone from the reference site caged 
near a dockyard in the polluted site for 7 months (from the immature to the 
mature stage) resulted in spermatogenesis in the ovary of approximately 90': 
of females. 

Not only TBT but also TPT can promote impose.• in the freshwater 
ramshom snail Mari.fa ~ornuurietis. wlule m other prosobranchs, such as 
,vu~ella lapillus and Nt~uarms r~ticullltlll. TPT does not induce impose~ 
(Schulte-Oehlmann et al .. 2000). ln addition to imposex development in 
marine and freshwater gastropods TBT and TPT induced a sharp decline 
in the number of embryos of the freshwater mudsnail Poramopyrgus anti­
pot/arum sheltered in its brood pouch in a time- and concentration-dependent 
manner in comparison to the control sediment (Duft et a/., 2003a). The 
organisms were exposed to artificial sediments, spiked with seven concen tra­
tions, ranging from 10 to 500 ~g nominal TPT-Snlkg dw and TBT-Snlkgdw, 
respectively. The number of new, still unshelled embryos turned out to be the 
most sensitive parameter. For most parameters an LOEC of 10 l'&ikg of each 
test compound w-as calculated. Tbe EC 10 resulted in even lower values for 
both substances. Afler 8 week~ for unshelled embf)'OS an EC1o \1lluc of 
0.03 l'g TPT-Sn'kg was found. P. ant1podarum seems to be high!; <ensltive 
to both endocrine disruptors TPT and TBT at emironmentall} rele\'ant 
concentrations. Horiguchi et al. (2002) confirmed the induction of ma;culin­
ization of the abalone //. gigtlntea mthm 2-month ftow1hrough exposure 
experiments with TBT and TPT 1n the laboratory. Aocording to these 
findings, nominal concentration~ of 100 ng TBTiliter and 100 ng TPT/Iiter 
caused significant spermatogenesis in ovaries of exposed females. There 
were also significantly more contracted primary oocytes observed in fema les 
exposed to either TBT or TPT than controls. The incidence of two types of 
unknown cells was a lso significant in females exposed to TPT. No significant 
histological changes were observed in testis of exposed males. This ovarian 
spermatogenesis caused by TBT and/or TPT resembles gastropod impo­
sex and intersex. Remarkably high concentrations of TBT and TPT were 
observed in the head (including ganglia of the central nervous >ystem). 
compared to concentrations in mu;cles. Accumulation of TBT and TPT in 
the head may disturb reproducthe hormonal regulators through neuropep­
tides released from ganglia The authors proposed that this fact. as well as 
possible aromatase inhibition. "as one of the inducers for spermatogenesis 10 

the abalone ovaries. Based on considerations of the steroid hormone theof} 
of reproduction and in view of the disruption of endocrine systems in 
mollusks by organotins. Takeda (2000) investigated the effects of tributyltin 
on female apple snails (Ponwcea canaliculata). Exposure to tributyltin 
resulted in imposex, and both a penis and a penis sheath were newly gener­
ated from the so-called vestigial penis. The same phenomenon was also 
induoed by teStOSterone. 
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a Insects: Insect Growth Regulators [IGRs) as Purposely 
Synthes1zed EDCs 

The JGRs represent a group of insecticides. often referred to"' third-gener­
ation insecticides. which were developed to intentionally mimic. block. or 
otherwise interact w1th the hormonal system of insects. They represent in 
addition 10 selected organotin compounds-a second group of xenob1otics 
rated by the ED! ETA workshop as a confirmed case for ED. The workshop 
repon (deFur n al .. 1999) summarizes up to 47 references, mainly labor-.uory 
studies but also a number of field investigations with a focus on IGR effects 
on nontarget species. Most of these studies were conducted with terrestrial 
species, while possible effects on aquatic insects, e.g., from IGR spray drift or 
runoff during or after agricultural application received little attention. 

The IGR> consist of dill'erell! classes of chemicals with specific mode> of 
action. panicularly of agonists and antagonists at the ecdysteroid receptor 
and of juvemlc hormone (JH) analogs. Tebufeno7ide, methoxyfeno7ide, RH 
5849. and other ecdysteroid receptor agonists induce symptoms of hyperec­
dysonism in terrestrial insects. dela}ing postembryonic development and 
n~mphal adult intermediates. Paradoxically. e'en though most insects and 
other anhropods use ecdysone as a molting hormone. tebufenozide i> selec­
tm!ly toxic to the U.:pidoptera (Ohad1aUa et al .. 1998). Eedysteroid antago­
nists with the examples of azadirachtin or KK-42 pre,cnt normal diapausc 
induction and induce an e.orly termination of diapause or a precocious meta­
morphosis, "bile JH analog.,, such as fenoxycarb. methoprene, and pyripro~­
yfen. interfere with egg hatching. larval development, larval pupal molt>, and 
ecdysis and reduce the fertility and longevity of exposed specimens. 

Even though IGRs deploy these marked effects in insects. there arc major 
terrestrial invertebra te classes, however. for which there are no apparent data 
on the impact ofthe>e compounds. e.g., earthworms and mollusks. There are 
also no reponed incidents of effects of nonpesticidal endocrine di>ruptors. 
which are present in the em ironment on terrestrial invertebrates. Oocasion­
ally. chitin synthC<>i> inhib1tors (CSI), such as diftubeozuron. other benzyl­
phenyl ureas. and related compounds (lshaay-a, 1992), ha\e been m"reponed 
as EDCs. Although thC) mterfere "ith molting as an endocrine·regulated 
process in arthropods. the mechamsm ofCSI action is purely nonendocrine. 
CSl inhibit one of the steps of chitin synthesis selecthel). Because this 
s;nthesis usually takes phtce at or during the time of molting. CSI cause 
death during the molt. resembhng the same effect as endocrine m1m1ckmg 
IGRs. albeit not ,;a an endocrine pathway. 

Dinan eta/. (2001) developed the B-ll bioassay as a screening tool for 
detecting potential insect growth regulators acting as ecdysteroid roccptor 
agonists and antagonists. Based on an ecdysteroid- responsive cell line from 
Drosophila melttJuJgaster about 80 potential environmental contantinants. 



16 OETKEN £TAL 

including industrial chemzcals. pe.ticides. pharmaceuticals, pbytoestrogen>. 
and venebrate steroids. are compared "~th data for known (ant)agoni>ts. 
Apan from androst~ne-3.17-<lione. ,·ertebrate st.,.-oids v.ere inactive at 
concentrations up to 10 3 M. The v3l)l majority of xenobioiJCS did not 
possess an (ant)agonistic acthi l). Among the industrial chemicals. antago­
nistic acti\~ty was obsen.ed for bisphenol A (BPA) (EC,. of 1.0 v 10 4 •\1) 
and diethylphthalate (CC,0 of 2.0 x 10- 3 M). Some organochlonne com­
pounds were also chamcteri7ed by a weak antagonistic activity. includmg 
ODE. dieldrin. and lindane (EC,. of 3.0 x 10- 5 M). The only pharmaccull­
cal sho~ng any delectable antagonist activity was 17oc-ethinylestradiol 
(EE2). In the context of rocent publications on potential endocrine disrup­
tion in marine and freshwater arthropods, these findings suggest that for 
some compounds (e.g., diethyl"ilbestrol). ecdysteroid receptor-mediated 
responses are unlikely to be in,olved in producing chronic effects. 

Hahn eta/. (2001) performed laboratory experiments with the nonbiting 
midge Ozironomus ripartu.< to determine the effects of the molting-hormone 
agonistic insecticide tebufenozide (I 100 I'St1iter). After static contamma­
tion offi~t-instar lan.-ae the '\OEC. LOEC. and LC;o ,-alues \\ere 13.2. 17.4. 
and 21.1 l'!l-1iter. respecti•ely Semistatic e•posure of fourtb-instar larvae 
revealed a lower susceptibility of elder lan-ae (NOEC 30 ~Jg:lner. LOEC 
60 l'!llliter. and LC,., 81.9 ll&'liter). Pupal monalit} in the semistatic expo­
sure scheme""" t"icc as high m males as in females during a 100 ~Jg.1iter 
treatment. This sex-related dztferencc probably resulted from the endocrine 
activity of tebufenozide. 

Moreover, studies were performed with larvae in the silkworm Bombyx 
mori (Lepidoptera) (Obara et al .. 2002). For example, Dedos eta/. (2002a.b) 
studied the relationship between feooxycarb levels and general esterase (GE) 
activity, juvenile hormone esterase (JHE) activity, and induction of perma­
nent fifth instar (daucr) larvae. renoxycarb (I 11g per animal) was applied to 
fifth instar of B. mori. This feno.•ycarb treatment induces dauer lat\ae with 
pe~istently increased hemolymph GE and JHE activities for the rest of the 
fifth instar. 

IV. Further Cases of Endocrine DisMJption in Aquatic and 
Terrestrial Invertebrates 

Next to the effects ofTBT and xenoestrogens in prosobrancbs and of IGRs 
in insects. further laboratory and field studies have been reported. where 
compounds exhibited effects on endocrine-regulated processes in marine, 
freshwater, and terrestria l invertebrates. For the period until late 1998, the 
EDIETA report (deFur et al .. 1999) summarizes up to 56 studies in which 
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ED may have occurred. although nonendocrine mechanisms are also 
possible for the obsen.·ed effects. 

The crustaceans represent the systematic group pr0\1ding the majorit) of 
case; suspo.-ct for, ED. Whereas the examples for the aquatic en' ironment are 
almost balanced bet"ccn fresh\\-dter and marine species. only 1\\0 studies 
repon comparable effect> in terrestrial arthropods. 

Since the publication of the EDIETA report. numerous ne\\ cases for ED 
in iovcnebrates have bt-cn documented in the literature prior to Augu>t 2003. 
These are described in more detail but ~thout the intention of provzding a 
complete list, because still unpublished data from the currently ongoing and 
still increasing research efforts for the identification of new suitable test 
species and sensitive end points could not be considered. 

A. Porifera 

Within the scope of a laboratory study Hill et al. (2002) examined to•ic 
effects of ethylbenzene. nonylphenol and BPA. which are !mown to be 
hormonally acti'e in many animal species, on gro\\tb and de-,elopment of 
the freshwater sponge 1/et~romy.-nia sp. The authors found a common 
developmental abnormality when sponges were treated \\ith each of these 
compounds. The three compounds also caused significant reducl!ons m 
growth rates. Germination of Heteromyenio sp. "-as completely inhibited 
in the 3 mglliter ethylbcn,ene treatment. and when exposed to 80 mglliter 
BPA. Lower concentrations resulted in malformed water va;.cular systems in 
several replicates. 

B. Rotatoria 

Preston eta/. (2000) developed a 96-hr reproductive assay using the fresh\\ a­
t.,.. rotifer BradziomLf caf.rcijlonLt. Cadmium. cblorpyrifos. naphthol. penta­
chlorophenol. estradiol. methopreoe. precocene. nonylphenol, flutamide. 
and testosterone were examined for effects on ase.•ual and sexual reproduc­
tion. Flutamide, testosterone. and nonylphenol inhibited feniiU:ation of 
sexual females at concentratiOn> of I. 10, and 50 111:;1iter. respecti,-ely. Sexual 
reproduction was inhibited with no effects on asexual reproduction. increas­
ing the likelihood that these specific reproductive effects occurred through an 
endocrine mechani>m. In a further study using B. calyciftorus Radix eta/. 
(2002) found a decrease in the total number of females after exposure to 
etbinylestradiol (489 11glliter), nonylphenol (130 ~tg/liter), and testosterone 
(2560 ~Jg/liter). 
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C. Annelida 

As shown in Table n. in the ED lETA report (deFur eta/., 1999) only one 
paper is presented in whrch endocrine disruption in annelids was >tudied. 
Only a few papers dealing with eo rn annelids can be found in the literature. 
In most cases manne organi>ms were cons1dered. Depledgc and Billinghurst 
(1999) reported effects (increase in egg production and reduction of egg 
availabiliry) of the xenoestrogcn 4-nooylpbenol on the polychaete \\Orm 
Dinaphilus gyrocilialll.l. Jha et a/. (2000a) exposed embry(}-larval stages of 
the polychaete Platynereis dumerilii to a range of concentrations ofTBT, and 
analyzed the organisms for cytotoxic (proliferation rate index) and gcnotoxic 
(sister chromatid exchanges and chromosomal aberrations) effects. Accord­
ing to these findings TBT is toxic and genotox.ic to embryo and larval stages. 
P. dumerilii is more sensitive compared to the target species M. edulis. Hagger 
eta/. (2002) suggested for P. dwnerilii dose-dependent effects for genotoxic 
and cytotoxic end points in relation to TBT exposure. Meador and Rice 
(2001) exposed juveniles of the opbelnd polychaete, Armandia i>re••iJ, to 
sediment-associated TBT for 42 days. They determined an LOEC for gtO\<th 
of 101 ng,g dw; the sediment coocentrdtron causing a 25~·· inhibrtion in 
growth was 93 ng.'g d"'. A dose-response relationship was abo deter­
mined for polychaete net \\eight and TBT in tissue. The tissue residue 
associated with a 25% reduction in growth was 2830 nglg dw. When com­
paring these results w1th previous reports the authors notioed that juvenrlcs 
are approximately three times more sensitive than adults to TBT expo>ure. 

In addition to the marine annelids. tcrrcstriaJ earthworms (Dendro/xJenll 
octaedm and Eiseniafnida) were used to assess effects of ED on this phylum, 
however, only two studies were found. Ricketts et a/. (2003) performed 
research on the identification and purification of vitellogenin in £. fetida, 
which will allow the monitoring of any effects on the reproductive capacity of 
earthworm species resultmg from exposure to environmental estrogens. 
Widano et a/. (2003) observed a significant effect of nonylphenol (50 mglkg 

TABLE II 
laboraloly 5nldy in W'lcll Endoc:nlle Oosn.pt.on May Be Occurmg .. Anneflds" 

Species Contamin . .mt Conoenuaboo (rant~<). effect< Lal>fidd Rrfcrmcr: 

Plat}-ne:reis Volatile: Qrc,an.c 0.1 mg. l1ler pet compound: Lab Bec,:,Lmann 

dztmerilii QOmpound from mducl.ior& or characteristic <1 ul. 1995 
crudf oil ~pa'A'uing bcha .. ·ior 

Nereis :mcmta 

"Modified from deFur" a/ (t999). 
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dn soil) on the population growth rate of the lumbricid earthworm 
D.· octaedra when a srmple two-stage model was used. 

D. Mollusca 

In the EDIET A report (def'ur <'I a/ .. 1999) only two publications concerning 
endocrine disruption in mollusks (Ly11UU1Ra stagnalis and My11/us e<lults) 
were found, compared to the numerous studies on organotin effects 
(cf. Section lll.A) (Table lll). 

Since the EDIETA workshop in late 1998, numerous publications on 
endocrine disruption in mollusks have been carried out. Most of them used 
gastropods (particularly prosobranchs) to investigate the effect> of ED 
(mainly alkylphcnols and bisphcnol A). Oehlmann era/. (2000) exposed the 
freshwater prosobranch Marisll cornut~rietis ro BPA and octylphenol (OP) at 
nominaJ concentrations between I and I 00 11g/liter in experiments with 
se,ually mature snails over 5 months and also within a complete life cycle 
for 12 months. The xenoestrogeos induced a complex S)ndromc of alterd­
tions in female .\fariw referred to as "superfemaJes" at the lowest concentra­
tions. Affected specimens \\~re characterized by the formation of additionaJ 
fernaJe organs. an enlargement of the accessory pallial ~x gland~. gross 
malformations of the palh<~l OVIduct section (Fig. 3) resulting in an increased 
female mortalil), and a massi•e stimulation of oocyte and spawnrng mass 
production. An exposure to OP resulted in in,·erted U-rype concentr<~tion 
response relationship; for egg and spawning mass production. 

In addition to Marisa. Oehlmann eta/. (2000)expOsed adults of the marine 
dog whelk Nucella lapillus to BPA and OP for 3 months with nominal 
concentration in the range of I 100 ~g/litcr. As in Marisa, superfcmales 
with enlarged accessory pallial sex glands and an enhancement of oocyte 

TABLE Ill 
R"!lfeSSfllaiFVe Labor.ltOiy Sllldles., Wlldl Endocnne O&sru!ltJon May Be 0ccumno In Molluslcs' 

Species Conwrun.~nl Cooc:enuauon (range~ effects Lal>fidd 

L}""""" 
1l4gn(Jiu 
(adull) 

DDT. \tCPA 

Mytiluudulis Cd 
(adull) 

50. 500 ~g:litcr (001); 
10. 100 "'ll'lii«(MCPA); 
recu.nilil} alteration:. 

100 JJ.&.'1iter: spav.ning 
stimulation. inhibition 
or gonadal development 

"Modified rrom deF'ur et aJ. (1999). 

Lab 

I.ab 

Rcf<m1<1< 

Wom and 
Bronma.rk.. 
t992 

Kluytm;m~ 

., ul .. 1988 
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FIG. 3 Jlari:ra cornuar~ti.f, PhOIOJn&ph\ of a oonlrol female (a) and of BPA·lfCJtcd 
••superfexnales" (b and c) with oprned mJnlle CJ\'1Ite-\. In (b) and (c) a rupmre tn the wall of 
tbe pallial O\iduct ()()CUrs (arro~) 9.11h an ad<L.tional prouusion of the spawning m:h~o in (c•. F..d. 
albumen gland: K. pll, Kd, caJ>'IIIe aland: V, vapnA. 

production were observed. 'lo o•iduct malformations were found, probabl} 
due to species difference~ an the gross anatomical structure of the pallial 
O\~duct. A lower percentage of e'posed specimens had ripe spenn stored m 
their vesicula seminalis and additionally male Nucella exhibited a redueed 
length of penis and prostate gland v.hen compared to the control. Because 
statistically significant effects were observed at the lowest nominal test con­
centrations ( 1 ~g BPA or OP/Iiter), it can be assumed that even lower con­
centrations may have a negative impact on the snails. This assumption was 
confirmed by Schulle-Oehlmann era/. (2001a) reporting NOEC and LOEC 
values for the induction of superfemales in Marisa of 7.9 and 48.3 nglliter. 
respectively. 

The superfemale response was confirmed for the freshwater mudsnail 
Poramopyrgus anllpodanmr in laboratory experiments with the xenoestro­
gens BPA. OP, and 4-n-nonylphenol (NP) follo-..ing exposure •ia sediments 
(Duft er a/., 2003b). The t~t species e:<hibited a distinct increase in the 
number of embryos sheltered rn its brood pouch in a time- and concentra­
tion-dependent manner in compari>On to tbe sol•..,nt conlrol sediment for 
BPA and OP. The number of early. still unshelled embryos turned out to be 
the most sensitive parameter. The observed LOEC "as equi,alent to the 
lowest administered concentration ( I l'g/kg for each test compound) after 
8 week:s of exposure. The EC10 values for unshelled embryos after 10 week:s 
were 0.03 I'S BPA/kg nod 0.2 ng OP/kg. For NP, there was no clear concen­
tration-dependent response. The LOEC in the experiments with NP was 
10 ~g/kg. 
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Tillmann er a/. (2001) found a suppression of imposex development rn 
Vari.sa, Sucella, and Nussarius reliculatus if snails were coexposed to TBT 
;..,d either to the antiandrogen cyproterone acetate (CPA) (1.25 mg·Juer) or 
,mclozolin (VZ) (0.03 1.0 ~g·hter). If administered alone, the antiandrogens 
iJJdueed a number of biological responses in all three species, The length of 
the penis and of accessory male SC< organs (e.g .. penis sheath, pro5tate) v.as 
sienificantly reduced. For Marisa. this effect occurred only in se<ually imma­
~re specimens and was reversible as the males auained pubeny. Typical 
androgen-mediated re;ponM:S (rmposcx developmem, delayed spermatogen­
esis. tubulus necrosis of the testis with orchitis, and Leydig cell hyperplasia) 
were partially or tota lly >oppressed by a simultaneous admini>tration or 
CPA. In the two marine species even adult, sexually mature males responded 
to antiandrogens with a reduction of the male sex organs and an advance­
ment of the sexual repose phase. The results for CPA and VZ arc compared 
with the effects of an exposure to xenoestrogens (BPA, OP) and xenoandro­
gens (TPT. TBT) in the same species. Each group of endocnne di;ruptors 
induces a characteristic !>Ct of toxicological effects in prosobrancb snails. 
which can be used as end points in an organismic invenebrate test for 
the identiJication of endocnne mimetic test compounds. Estrogen~ cause 
primanly· an induction of superfemales resulting in increased female monali­
ty by the enhancement of spawning mass and egg production. The main 
effects of androgens are a 'irih7.ation of females by imposex development and 
a marked decrease of fecundity. Compared with estrogens and androgens. 
the antiandrogcn responses seem to be less drastic and might have in 
contrast to the tv.o other di.ruptor classes-no biologically significant effects 
at the population level. 

In a field study Morcillo and Porte (!999) determined testostcronclestrad i­
ol tissue levels a nd cytochrome P-450-dcpcndent aromatase activity in the 
marine gastropod Bolmus brandaris, collected from the Mediterranc:111 coast 
(Spain), with different dcgrocs of imposex development. A strong reduction 
of estradiol levels was seen in both males and females from the orgaootin­
polluted site m comparison to those of the reference site, "hcrcas weaker 
differences betv.een the sites in te:.tosterone levels were revealed. According 
to these findings (alterations in sex hormone levels, but no changes m aroma­
lase activity \\ere recorded) the authors indicate that mechanisms other than 
inhtbitioo of aromatase activit} might be involved in the de.elopment of 
imposex in B. brandariS. 

Next to VZ the pe;trcidc Paraquat (PQ) turned out to be endocrinrcally 
active in snails. Bacchel!a eta/. (2002) determined the influence of PQ on the 
ovipositor} activity of the fre,;hwater snail Physafominalis and on htstologi­
cal effects of these snaib. Specimens exposed to PQ (0.125-0.5 mglliter) 
continued to be reproductively active, but the number of egg masses and 
eggs laid decreased >ignificantly. Mortality was almost the same in all the 
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experimental lots, but was significant!) related to the production of egg 
masses only in the eonll'ols. The histological analysis showed a clear trend 
among PQ concentrations and degenerating oocytcs, but no visible effects on 
the male sex line were obserYed. 

Some studies report the effects ofallcylphcnols in btvahe;. Nice eta/. (2000) 
obsen·ed a delayed development 10 a particular larval stage (D-shape) of the 
Pacific O)'Ster, Crassostrta gigas, "hen the bivalve> were exposed to a range of 
concentrations of 4-nonylphenol (0.1- 10.000 ll&rlitcr). Moreover the com­
pound caused a decrea~ in sui"\ ivai rate and malformed D-lal"\·ae of C. gtgas. 
In a further JaboratOI) study the exposure to I and 100 118 titer nonylphenol 
at Days 7 to 8 postfertilization resulted in a change of the se• rauo toward 
females and in an increased inCidence of hermaphroditism (Kice t'l a/ .. 2003). 

On the biochemical level, effects of'\ P were used a, a biomarker mdicating 
estrogen disruption with bivah·es serving as biomdicators. Blatse ~~a/. (1999) 
demonstrated an induction of 'itellogenin·hke protem; m the hemol)mpb 
of the endobenthic soft-shell clam Mya tlft'naria by NP and other lest 
chemicals (pentachlorophenol and 17~esll"adiol). These findmgs were also 
appro,·ed in clams collected at specific intertidal station; of !be Saguenay 
Fjord (located in Canada on the north coast of the Saint· Lawrence Estual)) 
during temporal and spatial surveys, which appear to indicate the presence of 
(anti)estrogenic chemicals in the Saguenay Fjord. Gauthier-Clerc et a/. 
(2002) concluded from their field survey in the Sagueoay Fjord that the 
persistent dysfunction of a vitellogenic process in M c/Tettaria was closely 
related to the exposure to anticstrogenic con taminants. In addition lo 
M. arenaria, the zebra mussel Dreissena po/ymorplw is commonly used as a 
bioindicator of persistent organic pollutants in freshwater ecosystems in 
Europe and North America (Binclli a nd Provini, 2003). Mussels sampled 
in Pallanza Bay (close to a DDT-manufacturing plant), Lake Maggiore 
(Italy), exhibited marked oocyte degeneration suggesting that DDT has 
endocrine-disrupting effects in this species (Binclli eta/., 200 I). 

E. Crustacea 

In the ED lETA report (deFur fl al., 1999) there tS a large body of literature 
on the effectS of certain chemicals (alkylphenols, heavy metals. pbthalates. 
pesticides. and PCBs) on the crustacean endocrine ;,ystem (Table IV). 

Numerous studies using the cladoceran genu; Oaphma can be found in the 
literature. Baldwin n al. (2001) exposed Daphnia magna in a life-cycle test for 
21 days to the eedysteroids, 20-hydroxyeedysonc (20-E). the accepted moll· 
ing hormone, and ponasterone A (PoA). an ecdyslerot<l found in <Ome 
crustaceans and many plantS. PoA eliCited effects "milar lo tbo:.e of 20-E 
at approximately I 0 times lower concentrauons. The effects of PoA on 
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TABLE IV (co/1/lllued) 

SIX'(: h.::. Contaminant Conocntmtion (range), effect:; Uablflcld Rcfcrenc;:c 

Daplmf<lllllllf.lltl b ndosulfan, d iuzinon 0. 15-tJ.62 mgllitcr; reduced rutc~ o f filtra tion l.ub Fcn umdct-Otwtlderry et al .. 

and ingeMiOn 1 99~ 

lira puf!i/nwr Cadmium, PCBs, ; abnonna.l oolonuaon l .ab t'iultl~rnum and 

naphlh(&lcne Fm¥~nmm, 1978: 

HlliHIJlHiniC('/tl/ .• 1981. 
Staub and Fingtnnan, 
19114 

l)apiiN/Q IUIIkft" Sunurin 4. 20 mg;liter. uupairment of repmduc11on. L.ib hllma)·cr ct a/ .. 1982 

reduttjon ill molt frequency 

fh.JriUIIa naa~''" Selenium Sublelhal: supte»lOD of groW1h llnd rtducut Lob John,tQn. 1987 

"' 
e-gg producuon 

.... 
J)aphntd tnaJ:Ikl l>curon 0.2 mg..liter. reduced fccundit), ar~ttd Lob Kc:"ting.. 1975 

(odull>l de,-elopmem ofju\cnib 

Mp'lnr•u Nl!UJ \f<1hopr<n< 2-125 }lg,ibter: mor1alit). tal~ ero~1h. Lob Mt:Kt'1ltlC) and Ce~taal. 

(•II hie 31laJt.'S) ()11-an>IQl!) dtla)ed brood rclc-.#se, ~uced hrood ~t1C 1996 

l'd/dcntJiftrlrs J'flllv M<thc>pr<ne 0.1-1000 m.s.1ncr; morta1it). inhib1t10ft of Lob ~h:Kcnl'k)' and \1auhc:"''l. 

{lan al •I.&J'."t) (JII-aRJIQl!) laf'al de•dopmcnt 1990 

'lam.l/lru,hium Cadmium -: Hn>efl)ycemia Lab ~aaabhushanam and 

4Wnc:tUU: Kulkarni. 1981 

&t}/t'lph..,., 
(IUf/-t/1/Uri.J 

Dctphmc~ mtt~nc~ Pentachlorophenol 0.062· 0.5 mg/liter; morlalit)', reduction m l.1b P~rls and LeBlanc, 1996 

(all h(~ at:IJC'I) f~ndit)·. reduced ehmmauon of 
test06terone metabolite~ 

( 'cmullnn rt{/mllwt'i 'l'rihutyltin 0.015 0.04 M811iter: ret:\tdrnion of '"i!tlh:mtiv~ l .,lh Rct.llly t'l t~l, 191Jl, l'J')2; 
(IH~IIUrU) litnb growth and molting, mcrca~c in WC:lJht Nap.ahhu11hanam et at., 

and cnlcium content of c;.;tst c~UVI.tC 1990 
Ptm wnhwt 4·/ark;; Nat>hth,•lene 10 mg/li l~r; suppre-.sion of ovnri1m pmwth l.llh S<IWJUU 1'1 al., 1994 

(adult) 

f'>l.tplmltt ,,,,fl., Atrazine I S, 10. 20 mg!liter; reductd fec-undity and Lah ~hobu .ulll Lambe•·t. 
grow1h 1977 

f'htJ~IIIIIII ~aft'(lfft 'Jon)'IJ)henol 10 -100 ~g!lite1: reduGtion in ft<:undity, Lah Shurin <llld Dodson. 1997 
m•·mld/41t (adult) dc"-elopn~ntal abnormali11es 

(/WJIUJ,!iJllh)f (adult) Triblltyltin 0.5 500 ~g,liter: re1:.uda1ion of rerener~Hi\'e l.'h Wei' -t·r til .• 1987 
limb rcgenc:rauon and mol tin~. ahnormali11es 
m 1he regenerates 

l!ru pu,Jimnr {adult) Cadmmm, mcrcul)'. lead 0.1. 1.0 mg;l•tcr: reu•rdcd limb rtp.c-nt-ralton l.ah We1~. 1~76 
(Cd and Hg only) 

"' Ura p~lk1rnr {adult) one I, 3, 5 mg.. liter; retarded limb ftlt'C'ncrauon l.ah We1~. 19ISO <.n 

l>aplmlama.t"'l O..tbrlsttlbcstrol. 0.05 0.20 mg 1ner; increased durahon or l.ah lou and l'i111mnan, 1997a 
(adult) end~ulfao m1ermoh pmod 

Dap/vlla """~""' ltndanc, 4-oa)ipbcnol 0.01-o.Q.I (4-o<tytpbcnol~ O.OS 0.2 mt~-1H<r l.ah lou and l'ingcrm~n. 1997a 
(nCOO.liC'I) (bndaoe); no cffot:ls on moluns 

Daplvlla ,...,,,Ja PCR29, Aroclor 1242, O.OS-0.21PC829); O.OS-0.1 (Aroc:lorl242); l.ab l.ou .and Flngennan. 1997b 
(nconatn) d•clh)·lphtbalate 5.~22.4 mg.bt<r (DEP~ tncn:aw ttmc to 

complde four molb 

""Mcxliti«< from deFur .-1 ul (1999) 
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daphnids mimicked those of 20-E e~ccpt PoA reduced fecundity m the F2 
generation and 20-E had no effect. Both exogenous 20-E (260 1040 mAl) 
and PoA (3.4- 27 nM) show similar effects, including premature death asso­
ciated with incomplete ecdysis, and the overaU difference in toxicity is most 
hkely due to receptor affinity. Using the antiandrogen cyproterone acetate 
(0.3-5 11M) on D magna (adults). a molt-independent groMh reduction and 
reduced offspring numbers were reported (LeBlanc and 'vic lachlan. 1999). 
Hence. chemical> capable of binding to the venebrate androgen receptor 
would also elicit toxicity to crustaceans b} binding to specific stero1d hormone 
receptors in an antagonistic manner. Addit1onal studies were performed to 
determine effects of (xcno)hormoncs on daphnids. As demonstrated by 
Olmstead and LeBlanc (2000), the development of secondary sex character­
istics in daphnids can he altered by chemical exposure. The steroidal vcrte. 
brate androgen androstenedione (6.2 25 11M) stimulates the development of 
the first antennae in males of D. nwgno. E•posure of female daphnids to the 
nonsteroidal \ertebrate •enoestrogen diethylstilbestrol (0. 75-3 J111f) and the 
insect juvenile hormone analog methoprene (O.Os-Q.32 I' tf) st1mulated de­
velopment of the abdominal process. A further study was undertaken by 
Olmstead and LeBlanc (2002) to elucidate the hypothesis of the crustacean 
juvcnoid honnonc, methyl farnesoate. being a male sex determinant in 
D. magna. Continuous exposure to aqueoU> concentrations of methyl far­
nesoate (52-400 n~f) stimulated a concentration-dependent production of 
male-containing broods of organisms. Olmstead and LeBlanc (2003) demon­
strate that insecucidal juvenile hormone analogs (JHA) m1mic the aclion of 
thecrustaceanjuvcnoid hormone methyl faroesoate, resulting 10 the inappro­
priate production of male offspring. When daphnids were exposed chronically 
(3 weeks) to sublethal concentrations of the JHA pyriproxyfen. the percem­
age of males produced by exposed maternal organisms increased. Further­
more. styrenes have the potential to impair crustacean populations in the 
aquatic eO\ironmcnt (Tatarazako et al .. 2002). The authors found reduced 
offspring numbel'l> in Ceriodaphnia dubta bred in polystyrene cups. SI}Tene 
dimers and trimers at concentrations of 0.04--1.7 l'g.1iter affected C. dubio 
fertility (25% reduction after 7 days). 

Funhermorc, am phi pods (mainly Gtmunarusspp.) were used as test organ­
isms (Gross-Sorokin eta/.. 2003). Grosset al. (2001) performed a field survey 
to determine whether the se'ual development of the freshwater crustacean 
Gommorus pulex was affected below <ewage treatment works (STW) previ­
ous!} known to contain endocnne.dlSrupting chemicals m the1r effluent. 
Females collected from a site known to elicit rugh estrogeniC responses in 
venebrates displayed an abnormal structure of OOC} te. 10 viteUogenesis. 
Funhermore the body size was significantly shorter and the male/female 
size differential was significantly reduocd below one of the STW. Watts 
eta/. (200lb) determined the effects of the xenoestrogens EE2 and BPA on 
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the su<'i,al and reproducli\e behavior of the amphipod G. pulex in a series 
ofbioassays The reproductive behavior was disrupted only at com para lively 
bjgh concentrations where it would he unrealistic to attribute the effects to an 
endocrine-mediated process. Consequently. changes in precopulatory guard­
ing do not seem to he suitable for detecting the presence of xcnocstrogens 
known to cause endocrine disruption in \'enebrates in water. 

Data on effect> of endocrine disrupters in other crustaceans such as amphi­
pods. copepod>. cirripedes, and dccapods are available as well. Brown eta/. 
( 1999) performed laboratory expenments with the marine amprupod Coro­
phi1on •o/urator(juveniles-adults) and 4-nonylphenol (NP). At the lowest NP 
exposure of 10 ~g/liter the density of surviving specimens was reduced and 
gro.,.,1h was retarded. Fertility of female C. I'Oiutator increased in NP-exposcd 
populations. Sex ratio was not affected by NP exposure; however. the second 
ant<!llllae of c.,posed male animals were significantly longer than those of 
control ammals. The authors concluded that large antennae ... ;n result in 
a restriction of mo,·ement in male.. hence. those males are potentiaUy at a 
selecti\e di..ad,antage in the wild berng more vulnerable to predation. A 21-
day life-cycle test using the mannc copcpod Tisbe hattagliai did not culminate 
in effects on survival, development. reproduction, and sex ratios when this 
species was exposed to environmentally relevant levels of steroidal estrogen 
agomsts, or to related synthetic receptor agonists (Pounds et a/.. 2002). 
Breitholtz and Bengtsson (2001) did not find any e\idence of endocrine­
disrupti\e acti,ity in the copepod "htocra spinipes e'po>Cd to the estrogens 
17IJ-estradiol (1:2) (0.001~.16 mg.1iter) and EE2 (00005-0.05 mg.'liter). 
The only significant effect detected at the rughest diethylstilbestrol coocentr•­
tion (0.03 mglliter) was a de~Teascd number of females delivering nauplia 
after 15 18 days of exposure. Breitholtz and Wollenbergcr (2003) investigated 
effecL~ of polybrominated diphenyl ethers (PBDEs) in the same species on 
development and reproduction. Copcpods exposed for 6days to PBDEs were 
characterize<! b} a decreased laf\al development rate (~0.013 mg~liter BDE-
47 and ~O.o3 mgliter BDE-99). W1thio a full life-cycle tc:>t (lcs. than or equal 
to 26 days exposure) the population gro"th rate in the copepods was reduced 
at 0Jl4 mgl1iter 13DE-47. 

Moreover, cirri peds were used to a;,scss the potential for endocrine disrup­
tion in aquatic environments. Billinghurst et al. (2000) examined the effects of 
exposure to 4-NP (0.01-1 ~g/liter) and E2 (I J1g/liter) on the marine cirriped 
Baltmus omplumte. lo particular, elevated levels of the cypris major protein 
(C~1P), wh1ch is related to barnacle vitellin, v.-ere mea<ured. The authors 
conclude that C:>1P and perhaps other nteUin-like protcms are potential 
hiomarkct"> of low-le,el estrogen exposure in crustaceans. Another cirriped. 
Elminius mode:.tus, was used in the laboratory to determine effects of endo­
crine disrupters on crustaceans (Billinghurst eta/., 200 l ). Exposure of larval 
stages to N P (0.0 I I 0 ~glliter) and estradiol (I 0 ~glliter) resulted in altered 
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timing of larval development. Oberdorster eta/. (2000) observed a significant 
increase of vitellin in female grass shrimps (Palaemonete.s pugw) at63 11g/liter 
of the PAH pyrene (exposure for 6 weeks). In addition to grass shrimp. 
several other crustacean species were ..creened and cross-reactivity was 
found, including blue crab (Cal/inC'~te.• oaptdt<r). mud crab (Rititltropmwpeus 
harrisit), red swamp crayfish (Procaml>aro.r dar/.il). and Daphnia magna. 

F. Insecta 

Table \'summarizes those publications on EOC effects m m=ts cited in the 
ED LETA repon (deFur eta/.. 1999). Since the EO lETA workshop re,earcb 
on ED effects in cltironomids has increased interest. ~1an> authors empha­
sized the suitability of the nonbiting m1dgc Chirmromw ripariru as a 
model organism for investigating effects of endocnne-disruptmg chemicals 
in aquatic insects. A laboratory study of Hahn and Schulz (2002) resulted in 
sex-specific effects ofTBT (0.01-5 11g as Sn•liter) on molting-hormone bio­
synthesis and imaginal-disc de\<elopment of C r~pamtl . Ecdystero1d S)'llthesis 
decreased significantly in female larvae at all concentrauons (50. 500. and 
5000 ng TBT as Sn1iter), whereas a 'ignificant increase of biosynthesis rate 
occurred in male larvae in the 500 ng.1iter treatment. /11 vtro experiments "ith 
development of the genital imaginal d1sc within a 48-hr exposure period 
revealed a significantly slower development in female larvae and a significantly 
faster development in male larvae at all concentrations te>tc<.l ( 10, 50. 200. and 
1000 ng TBT as Sn!liter). The LC50 (48 hr) was 25 IJg/liter. The use of 
vitellogenesis as a marker for possible effects of endocrine-disrupting agents 
was tested with C. ripariu.1. In this context llahn era/. (2002) deternune<.l in a 
semi static test system using BPA (I 3000 ~tg/litcr) and NP (I .9- 2000 11glliter) 
an alteration of vitellogenin/vitellin production in males. Yolk concentra· 
tions in males were lowered by 2~-25% after exposure to BPA at concentra­
tions of I, 100, and 3000 1Jg/liter. NP contamination caused an inverted 
dose-response curve. Female yolk protein contents were affected only in 
the highest SPA treatment, where )Oik immunoreactivity was reduced by 
about I 0% compared to control. T n a two-generation experiment using the 
non biting midge C. riparius and EE2 and BPA. Walls eta/. (200la) were able 
to demonstrate that median emergence times (FmT ~)and the percentage of 
adull emergence were affected by EE2 and BPA exposure. Th= effects were 
primarily associated with the second generation of le<;t animals. most notably 
in the BPA study. where the emergence of male and female adults was 
significantly delayed at concentrations ranging from 78 ng.1iter to 750 118 
liter. At very lo" concentrations (I ng,1iter) of Ef2. both the first and second 
generation of adults emerged sig.nificantl> eartier than control animals. 
However. these end points. allbough \ahdated as mdicators of general 
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sediment toxicity, did not turn out to be well suited to detect the estrogenic 
effects of EE and BPA in C. riparius. 

Many field studies provide evidence tha t mouthpart deformities in chiron­
omid larvae are a sublethal response to pollution offering the opportunity to 
use this end point in program> for monitoring sediment quality. During 
laboratory studies. however, deformities were induced in only a few single 
pollutant exposures. These deformities develop at the endocrine-regulated 
molting stage and disruption of this complex proce>.> i> likely at the base of 
their ontogeny. In laboratory bioas.\3)> ~1eregalh eta/. (2001 ) investigated 
mouthpart deformities of C. riparius when larvae "ere ellposed to N P 
(1~100 !'&-liter). C\t outhpart deformitiC> result from a physiological distur· 
bance during lan-ai molting. Survival of the lan·ae was not affected by the 
tested concentrations. but the frequency of mentum defonrullc:. 10creased 
significantl~. HO\\'e'-er. no adverse effects (suni,al and deform•!} induction) 
were found when C. riparius larvae were expo<ed to EE2 (1- 100 11g.'liter) 
(Meregalli and OJJe,~er. 2001 ). In a laboratory study Vermeulen •I ul. (2000) 
exposed instar II and ITI C riparius larvae to sublethal concentrations of 
lead, mercury. and !\-sitosterol. A significant deformation rc:.ponse was 
induced in the pecten v.ith lead and mercury (50 ~·g Hg.1•tcr and 100 mg 
Pb/liter, respectively). Both metab retarded molting. Exposure to >ublethal 
concentrations of ~\-sitosterol did not rewlt in any effect on deformation or 
molting. 

ln addition to publications on ED effecb in chironomid,. one paper was 
dedicated to Lepidoptera as the test organisms. Kirk bride-Smith eta/. (2001) 
investigated the impact of the hormones estradiol. methyltestosterone, and 
thyroxin on growt h, development, and reproduction of the tomato moth, 
Lacunaria tolerance. Administration of thyroxin and estradiol (dietary con­
centration of I mg/kg} caused an increase in the length and a red uction in the 
weight of older larval stages. Despite this. the number of larvae surviving to 
adulthood was not affected by any of the treatments; neither was the pupal 
sex ratio. Exposure of larvae to methyltestosterone significamly increased the 
number of deformed pupae. In addition, the reproductive potential of adults 
derived from the testosterone treatment was markedly reduced. Exposure of 
L o/eraceo larvae to tltis steroid caused a high decreal>C in egg production, 
coupled with a significant decrease in egg viabiht) . 

G. Echinodennata 

ln the EDTETA report se"en stu<ilc:. arc cued w,ing echmoderms as test 
organisms. mainl> the starfish Aileria.s ntl>t'n.< (Table VI). To determine 
~docrine disruption both heavy metah and PCBs. PCP as well as E2. were 
used as test chemicals. 
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Echinoderm regeneratoon following autotomy is an imponant al.cxual 
mechanism of reproduction and largely under endocrine control. Therefore. 
it provides a convenient and tractable test to monitor the effectS of endocrine­
acti\-e chemicals on t.he de,·elopmental physiology (tissue and cellular level) 
of marine animals (Came,ah et <1/ •• 200la,b). The crinoid Antedon mt>dllu­
ranea is especially sensiti'c to PCBs. For example, exposure to low concen­
trations of Aroclor 1260 (14 ng.-hter of total PCBs) results on abnormal 
arm growth in terms of both gross morphology and microscopic anatomy 
(Caroevali et a/., 2001 a). ln terms of tissue/cellular aspects, the main mod­
ifications are an accelerated growth of the regenerate \vitb a massive cell 
migration and proliferation. Furthermore. a hypertrophic development 
of the coelomic canals and an extensive rearrangement of difl'crentiated 
tissues of the stump were assessed. The anomalies observed in the develop­
mental regenerative processes appear to be compatible with a pattern of 
pseudoendocrine activities. 

H. Tunicata 

Only one publication was found concerning effects of endocnne disrupters on 
the phylum Tuoicata indi.:aung that TBT may act as an endocrine disrupter on 
ascidians. Patricolo et <1/. (2001) imestigated the effects ofTBT (up to 10 ·l M) 
on the metamorPhosis of nscidian larvae of Cwna imestiloa/Lr 2 hours after 
hatching. A blocked metamorphosis and reduced th}TOxin production "ere 
noticed in TBT -exposed lan~oe by the authors. 

V. Conclusions and Future Prospects 

There is strong evidence. provided by numerous case studies. for efl'ects on 
development, fecundity, and reproductive output of invertebrates. 'Nhich can 
be attributed to substance. acting as EDCs. However, there are also some 
cases where the evidence of a causal lint.. \\ith endocrine disruption i~ rather 
o.eak. Although an increasing number of research projects investigated ED 
in in,·enebrates worldwide and the published examples of potential effects of 
EDCs in these groups ha\e oncrcased in the years since the ED lETA \\Ork­
shop by almost 6()",., the main conclusions as summarized by deFur tt a/. 
(1999) are still valid. With the e•ception of TBT effects in mollusks. which 
have been associated with a local!) severe impact on commumty levels. and 
IGRs in terrestrial insects, there are only a few field examples of ED in 
invertebrates. Ne,ertheless. man) more examples for ED affecting inverte­
brate populations and communities can be expected, though still undetected. 
This assumption is supported by a number of indications: 
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• Chemical signaling systems and their basic mechanisms in the animal 
kingdom exhibit a considerable degree of consenatism (.\1clachlan. 
1001). Consequently. invertebrate endocrine function should be affected 
bv identical or similar compounds as venebrates (de Fur"' at.. 1999; Pinder 
,.;,d Pottinger. 1999). 

• Highly effective EDCs have been intentionally developed for the purpose 
of pest control to ontcrfere \\1th hormonal systems of insects. Such endo­
crine-mediating propenies can be assumed not to be unique for the IGRs 
or this group of arthropods but rather reflect the fact that much less 
research has been undertaken for invenebrate groups other than insects. 

• ED in invertebrates received far less attention than in vertebrates in the 
past. probably because their hormonal systems arc poorly understood, 
favoring investigations with vertebrates and especially fish as systematic 
groups for ecotoxicological research and routine analyses with which 
many scientisLs feel famoliar. 

However. on the basis of the publications on ED in im-encbrates 
presented in thi> paper. the following general observation> \hould be 
emphasized: 

• little work has been done on endocrine disruption in invenebrates from the 
field (\\ith the e•ception of the mve:>tigation of the imposcx phenomenon 
in manne gastropods). The overwhelming majoriry of laboratory-based 
studies (56 reports) focus on mollusks (I 7), crustaceans ( 15). and insects 
(12). thus continuing the main tendencies in the prc-19991itcrature (Fig. 4a 
and b). 

• Endocrine-mediated etfccts of xenobiotics in terrestrial species still consti­
tute less than I 0"/o of all reports (Fig. 4e and d). 

• Single snodies on ED in taxa formerly not considered are available now 
(e.g .• for Porifera, Rotatoria, Tunicata). 

• '\Iarine environments and iO\ertebrates have received comparatively little 
al!ention (except for tbe investigation of the imposex phenomenon in 
marine gastropods). 

Our unawareness of in,ertebrate endocrinology is probably tbe most 
imponaot reason for the unsatosfactor> progress made regardong ED on 
invenebrates in the past. Furthermore. ED in venebrates has attracted a 
higher degree of public and even scientific awareness, which is also reflected 
by funding resources and other economic circumstances. This makes 
the general conditions for research with invenebrates less favorable. Never­
theless. consideration of invertebrates in such research programs potentially 
offers a wealth of knowledge in understanding comparative and ecological 
aspects of ED (deFur e1 a/ .. 1999). For these reasons, invertebrates should 
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ha,•e a high priority for further research, especially for the development 
o f EDC screening and testing methods. It will he essential to conduct ecolog­
ical monitoring techniques and to perform more basic research on inverte­
brate endocrinology, especially on systematic groups, which have been 
almost totally neglected so far (e.g .• Cnidaria, Plathelminthcs. and Nema­
toda, \\ith approximately 55.000 known species worldwide). Honnonc recep­
tors of invenebrates should be identified. cloned, and characteri.7ed 
facilitating the identification of receptors that are shared by different group> 
and finally opening po.sibibtit> for the development of utrapolation tech­
niques for effects between specie>. Addttionally. this \\'Ould help to develop 
receptor-binding aSS3)> and other m •·irro systems as a screening tool. 

A further requirement should be the characterization on endocrine control 
of toxicological end points on tests in more depth so that these end points can 
be used as valid mea-wrcs for ED. New invenebrate tests \\'ith endocrine­
regulated end pomts have to be developed or existing protocol. amended. 
This will require a broad initiative with a variety of invertebrate assays. In a 
second step, these tests will have to be valida ted, including the usc of refer­
ence compounds and positive controls known to have endocrine-disrupting 
properties in the systema tic groups under investigation. 
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It is important to emphasize that several sentinel species ,.;n be required 
since the endocrinology of onvertebrates differs widely among taxa. There­
fore. representative> of each pb}lum are needed. For the freshwater emiron­
roent.test and monitoring species should at least include Annelida. \1ollusca, 
Crustacea. and Insecta. in the marine emirorunent Coelenterata. Annelida. 
:\!oUusca. Crustacea. and Echinodermata. and an e>-en more diverse list of 
taxa for terrestrial ecos)'tem,. 

The current knowledge on valid endocrine-mediated end points in inverte­
brates is too pr~liminary to de$ign specific monitoring programs for boo logical 
effects of EDCs, perhaps with the exception of and rogenic and estrogenic 
compounds and their effects in prosobrancb snails. Nevertheless. c;orefully 
targeted monitoring programs arc needed because effects in invertebrates arc 
probably widespread but undetected. 
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Biology of Lysenin, a Protein in the 
Coelomic Fluid of the Earthworm 
Eisenia foetida 

Hideshi Kobayashi,' Naoshi Ohta,' and Masato Umedat 
*Research Laboratory, /.enyaku Kog}o Co., Ltd., Nerima·k\1, To~yo 
178·0062. Japan 
10ivision of Molecular Biology and Information, lnstitute for Chemical Research. 
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Lysenin is a prolein of 33 kOa in the coelomic fluid (CF} of the earthworm 
Eiseroa toetida. It dtfters from other biologically active proleins. such as tetidins, 
eisentapore. and coelomic cytolytic factor (CCF-1 ), that have been found in Eisenia 
toe/ida. in terms of both tis biochemical and its biological characterishcs. The 
large coelomocytes and free chloragocytes in the typhlosole of E1sema toetida 
appear to be the cells that produce lysenin since the mRNA tor lysenin and 
immunoreactive lysenin have been found in these cells. Lysenin binds spectfically 
to sphingomyelin (SM) but not to other phospholipids in cell membranes. After 
binding to the cell membranes of target cells, lysenin forms oligomers in an 
SM·dependenl manner. with subsequent formation of pores with a hydrodynamic 
diameter of approximately 3 nm. The biochemical interactions between lysenin 
and SM in cell membranes are responsible for the pharmacological activities of 
lysenin and of CF that contains lysenin in vertebrates, such as hemolysis, 
cytotoxicity, and contraction of smooth muscle in vitro and vasodepressor acttvity 
and lethality in llill!l. When incubated with SM·Iip()S(Jmes, CF and lysenin lost 
some or all of their actrvity. an observation that suggests that SM might be 
involved in the induction of the various activities of lysenin and CF However, m 
general, lysenin 1s neither cytotoxic nor lethal to invertebrates. An attempt has 
been made to explain the differences in the responses to lysenin and CF bet\wen 
wrtebrates and invertebrates in terms of the presence or absence of SM in the 
various animals. Among Protostomia, SM is absent in lophotrochozoa. with the 
exception of some molluscan species, but it is present in Ecdysozoa. with the exception 
of Nematomorpha and flies. Among Deuterostomia, Echinodermata and 
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