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Abstract

C om parative  stud ies on  rep roductive  and  developm ental fea tu res in  b rack ish  w ate r nere id id  po lychae tes o f  the 
genus H ediste  (especia lly  tw o A sian  species, a  sm all- and a  la rge-egg  fo rm ) a re  review ed. G enera l characteristics 
o f  the gam ete u ltrastructu res o f  th e  tw o fo rm s are very  sim ilar, though  so m e  m inor d iffe rences w ere detected 
betw een  them . T he m o d e  o f  rep ro d u c tio n , body size o f  m atu re  adults, egg size , fecu n d ity  and m ode o f  developm ent 
are m arkedly  d ifferen t betw een  th e  tw o form s. N ot surprising ly , the tw o fo rm s have con trasting  life h istories: the 
sm all-egg  form  w ith  p lank ton ic  d ev e lopm en t m igrates betw een  brack ish  w a te rs  and th e  sea, w h ile  the w hole life 
h is to ry  o f  the large-egg  fo rm  is usua lly  com pleted  in b rack ish  w aters w ith in  a river. T he d ifferen t life  h istories 
a re  reflected in d ifferen t levels o f  gene tic  d ifferen tia tion  betw een  geog rap h ica lly  separated  popu la tions o f  the two 
form s. T he life h istory  ch arac te ris tics  o f  the  above tw o A sian  form s are co m p ared  w ith  those  o f  th ree  o ther H ediste  
species w ith  special refe rence  to a re la tionsh ip  betw een  developm enta l pattern  and spéciation .

Introduction

In po lychae tes, rep roductive  and developm ental 
m odes are consp icuously  v ariab le  even am ong  m or­
pho log ica lly  sim ila r cong en eric  species (Â kesson, 
1973; G rassle &  G rassle , 1976; L evin  &  B ridges, 
1995). It is an in te resting  p ro b lem  w hy so g rea t a vari­
ety  exists, i.e. w hat is the eco lo g ica l o r evolutionary  
significance o f  the various m odes. To clarify  th is p rob ­
lem , com parisons o f  various aspec ts in closely  related  
species w ith  the d ifferen t m o d es m ay  be  useful.

M any exam ples o f  poecilogony , defined as in ­
traspecific variab ility  o f  rep ro d u c tiv e  and  develop­
m ental m odes, w ere rep o rted  in  po lychae tes in  the 
past (e.g. T ho rson , 1950). H ow ever, m ost o f  these 
seem  to  rep resen t th e  ex is ten ce  o f  s ib ling  species com ­
plexes, th e  m em bers o f  w h ich  h av e  species-specific  
m odes o f  rep roduc tion  and dev e lo p m en t (C lark , 1977; 
H oagland  & R obertson , 1988).

Im portan t findings have b een  m ade  in  com parative 
stud ies on rep roduction  o r  d eve lopm en t in sib ling- 
species g roups o f  C apitella  (e .g . G rassle  &  G rassle, 
1976; E cke lbarger &  G rassle , 1987a,b), M icro­

p h th a lm u s  (W estheide &  R ieger, 1987), O phryotrocha  
(e.g. Â kesson , 1973; S ella  et ah , 1995), C haetozone  
(C hristie , 1985), P la tynereis  (e.g. H auensch ild , 1951; 
S chne ider e t ah , 1992) and in a poecilogonous spe­
cies, Streb losp io  b ened ic ti (e.g. L evin  & C reed , 1986; 
L evin  et ah, 1991).

In th is paper, rep roductive  and  developm enta l fea ­
tu res in b rack ish -w ater nere id id  po lychae tes o f  the 
genus H ediste  M alm gren , 1867 (especia lly  tw o A sian 
sib ling  species, a sm all- and a la rge-egg  form ) are 
rev iew ed, w ith  special re fe ren ce  to  the relationsh ip  
betw een developm ental pattern  and  spéciation .

Taxonomy and distribution of species o f Hediste

T hree  a llopa tric  species o f  H ed iste  M alm gren , 1867 
h ave been  described  from  shallow  brack ish  w aters 
in the N orth  T em perate  Z one. H. d iversico lo r  (O. 
F. M üller, 1776) from  b o th  the E u ropean  and the 
N orth  A m erican  coast o f  th e  A tlan tic  (Sm ith , 1977), 
H. lim nico la  (Johnson , 1903) from  fresh  w aters o f 
the N orth  A m erican  Pacific coast (Sm ith , 1958) and
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H. ja p o n ic a  (Izuka, 1908) from  E ast A sia (U shakov, 
1955; Im ajim a, 1972; W u e t al., 1985) (F igu re  1). 
R ecently , K irkegaard  (1995) described  H. kerm adeca  
from  44 1 0  m depth  in the K erm adec T rench . T his 
spec ies is only  know n from  a sing le  specim en  and is 
no t con sid ered  in the p resen t paper. T he m ost im p o rt­
an t charac te ristic  o f  the genus H ediste  is the p resence  
o f  heav ily  fu sed  fa lcigers in th e  posterio r neu ro p o d ia  
(F ong  & G arthw aite , 1994). T he three b rack ish -w ater 
H ediste  spec ies are  m orpho log ically  very  sim ila r to 
one  an o th e r (Sm ith , 1958).

In  A sia , the d istribu tional range o f  H ed iste  spe­
c ies  ex tends no rth  to Sakhalin  in R ussia  and  south  to 
th e  A m am i-O sh im a Island in Japan  (U shakov, 1955; 
Im ajim a, 1972; Wu et ah , 1985; Sato , unpub l.). P re ­
v iously , the A sian  H ediste  w orm s w ere  regarded  to 
b e lo n g  to  a  sing le  species, H. ja p o n ica . H ow ever, 
w e found  tha t ‘77. ja p o n ic a ’ is a  sib ling  spec ies co m ­
plex  and  consists  o f  three d is tinc t species, nam ely , 
tru e  H. ja p o n ic a  and tw o add itional undescribed  sp e ­
c ies  (Sato  &  T such iya, 1987, 1991; Sato , 1992; Sato 
&  Ikeda, 1992; Sato &  M asuda, 1997; Sato  &  N a- 
kash im a, unpubl.). H ere, these th ree  A sian  species are 
d esigna ted  as ‘sm all-cgg  fo rm ’, ‘la rge-egg  fo rm ’ and 
‘A riake  fo rm ’. T hough  the th ree  fo rm s are  m o rp h o lo ­
g ica lly  very  sim ilar to one another, m ean  num bers o f  
parag n a th s on  th e  proboscis (especially  in a rea  II) are 
d ifferen t, and chaetal m orphology  o f  the A riak e  form  
is c learly  d ifferen t from  that o f  th e  o ther fo rm s (Sato  
&  N akash im a, unpub l.). H ow ever, m orpho log ica l d is­
tinc tion  b e tw een  the large-egg  form  and  the sm all-egg  
form  is d ifficult except for m atu re  adults.

T h e  th ree  fo rm s are c learly  d is tingu ishab le  by 
com ple te  a lle le  substitu tions a t several iso zy m e  loci, 
w h ich  are detec tab le  by elec trophore tic  analy sis (Sato 
&  M asuda, 1997; Sato &  N akash im a, unpubl.). 
T h e  e lec tropho re tic  pattern  o f  lac ta te  d ehyd rogenase  
(L D H ) is availab le  as a d iagnostic  ch a rac te r fo r  id en ­
tification  o f  th e  th ree  form s.

F igure  1 show s the geog raph ica l d is tribu tions o f 
th e  th ree  form s. T h e  sm all- and large-egg  fo rm s are 
often  sym patric  in Japan. N o genetic  ev id en ce  o f  hy ­
brid iza tion  betw een  the tw o form s has been  detec ted  
even in localities w here bo th  occur, ind ica ting  that 
they  are  rep roductive ly  iso lated , and th a t they  are 
d is tinc t species. T h e  A riake form , ju s t recen tly  d is­
covered , occurs exclusively  in  the inner p a rt o f  the 
A riake  Sea, a  c losed  large bay in  w estern  K yushu, 
Japan . In the fo llow ing  sections, rep roduc tive  and de­
velopm enta l fea tu res  are com pared  m ain ly  betw een  
th e  sm all- and  large-egg  form s.

Gam ete m orphology and fertilization in the two 
Japanese sp ecies o f H ediste

Sperm  m o rp h o lo g y  o f  the sm all- and large-egg  form s 
w as com pared  u tiliz in g  phase -co n tras t m icroscopy  
and  e lec tron  m ic ro sco p y  (F igu res 2 &  3). T h e  ‘p rim it­
ive ty p e ’ o f  sp e rm a to z o a  w ith  cone-shaped  acrosom e 
w as observed  in  bo th  form s. Shape o f  the sperm  head  
w as slightly  d iffe ren t be tw een  the tw o form s: T he 
sperm  head  w as angu la r at th e  b ase  o f  acrosom e in the 
sm all-egg  form , and  ra ther ro und  in th e  large-egg  form  
(F igures 2 &  3 ). G enera l ch arac te ris tics  o f  th e  sperm  
u ltrastructu re  o f  th e  sm all- and large-egg  fo rm s w ere 
very  sim ilar to  each  o ther and  to th o se  described  in 
H ediste  d ive rs ico lo r  (B ertou t, 1976). In all the three 
H ediste  spec ies, a p rom inen t acrosom al rod  is con ­
ta ined  in the ax ia l po rtion  o f  th e  subacrosom al space 
(an te rio r half) and  the deep cen tra l inden ta tion  o f  the 
n uc leus (p o s te rio r half).

E gg  m orpho logy  is m arked ly  d ifferen t be tw een  the 
sm all- and la rg e -eg g  form s (S ato  &  T such iya , 1991). 
Fu lly  m atu re  u n fe r tilized  eggs are m uch  la rger in the 
large-egg  form  than  in the sm all-egg  form  (see below ). 
O op lasm  is re la tive ly  tran sp aren t in  th e  sm all-egg  
fo rm , and o p aq u e  in the large-egg  fo rm  (F igure  4). The 
egg  su rface s tructu re  o f  the tw'o form s is genera lly  sim ­
ilar, but som e d iffe rences have been detec ted  betw een 
th em  (Table 1). In bo th  fo rm s, the egg  is su rrounded  
by a chorion  (0 .6 -0 .7  /¿m  th ick ) co nsis ting  o f  three 
layers, and eg g  m icrovilli are inserted  in to  the cav it­
ies o f  the ch o rio n  (F igure 5). A  specia lized  structure, 
th e  m icrov illus tip  vesicle (M T V ), is situated  on  the

F igu re I. D istrib u tion  and co llec tion  sites  o f  three sp e c ie s  o f  the 
H e d is te  ja p o n ic a  g rou p  in Japan (A ), in K yushu  (B ) (Izuka, 1908; 
K agaw a, 1955; S a to  &  T su ch iya , 1 987 , 1991; Sato & Ikeda, 1992; 
S ato  & M asuda, 1997; S ato & N ak ash im a, unpubl.) and C hina  
(S un  et a l., 1980). In  m ost ca ses , s p e c ie s  w ere d istin gu ished  by dia­
g n o stic  characters o f  electrophoretic patterns o f  L D H  (b etw een  the 
three form s), reproductive and developm enta l features (b etw een  the 
sm a ll-e g g  and th e large-egg  form) or ch aetal m orp h o logy  (betw een  
th e A riake form an d  the others). In s o m e  lo c a lit ie s ^ ) ,  sm a ll-e g g  and 
la rge-egg  form  d istin gu ish ed  tentatively b y  num bers o f  paragnaths  
in the area II o f  p rob oscis . N um bers ( 1 - 1 7 ,  a - c )  m ean localit­
ie s  for the stu d ies o f  interpopulational variations in the sm a ll-egg  
and large-egg  form  (see  b elow ). 1: o f f  the coast o f  U sujiri; 2: 
O buchinum a S w am p ; 3: S h in jogaw a River; 4: N iid agaw a River; 
5: a sm all creek in  O tsuchi; 6: N anak itagaw a River; 7: a  sm all 
creek  in Yuriage; 8: T onegaw a River; 9: K yob ash igaw a River; 10: 
Y ahatagaw a River; 11: N akagaw a R iver; 12: Om oigavva River; 13: 
K otsukigavva River; 14: N agatagaw a River; 15: Osatogavva River; 
16: K am inokaw a River; 17: B ep p u gaw a River; (a) K om inatogaw a  
River; (b) K ojim a B ay; (c) S h in m ach igaw a River.



131

QÛ



F igu re  2. Phase-contrast m icrographs o f  sp erm atozoa  o f  the large-egg  form  co llec ted  from  th e  K otsukigaw a R iver (A ) and o f  the sm all-egg  
form  co llec te d  from  the O m oigaw a  R iver (B ). S c a le  bar: 5  g m .

T able I. C om parison  o f  e g g  surface structures betw een  tw o  
s p e c ie s  o f  th e  H ediste  ja p o n ic a  group, m tv -  m icrov illu s  tip  
v e s ic le s ;  ca  -  cortical a lveo li; pta -  p hosp h otun gstic  acid

S m a ll-e g g  form L arge-egg  form

B efo re  fe r ti liz a tio n  

T h ick n ess  o f  

ch orion  ( jn n ) O ON O 0 .6 -0 .7

E lectron density  

o f  m tv low high

T h ick n ess  o f  

ca  layer ( p m ) 1 0 -2 0 4 - 5

pta-sta ining  

o f  ca p ositive negative

A ft e  r  f e r t i  1 iza tion  

T h ick n ess  o f  

j e l ly  layer (/.¿in) 1 0 0 -1 5 0 5 0 - 6 0

tip  o f  each  m icrovillus. E lec tron  density  o f  th e  M T V  
is h ig h e r in the large-egg form  than  in th e  sm all-egg  
form .

In the  egg  cortex  o f  bo th  form s, th ere  a re  n um erous 
co rtica l a lveo li w hich con ta in  a fibrous m ateria l. A fter 
fe rtiliza tion , the fibrous m ateria l is secre ted  as je lly  
to  the ou ts ide  (Sato &  O sanai, 1986). T h e  co n ten t o f

these co rtical a lv eo li w as in tensively  sta ined  by phos­
photungstic  a c id  in the sm all-egg  fo rm , bu t no t in the 
large-egg fo rm , suggesting  th a t the chem ica l nature 
is d ifferen t in th e  tw o form s. T he co rtica l layer filled 
w ith  co rtical a lveo li w as th ick e r in th e  sm all-egg  form  
( 1 0 -20  ß m )  th a n  in the large-egg  fo rm  (4 -5  ß m ) .

T he m ode o f  sperm  en try  du rin g  fertiliza tion  was 
show n in th e  sm all-egg  form  (Sato  &  O sanai, 1986). 
T he M T V  is know n to  function  as a sperm  receptor, 
w hich induces the acro som e reaction  and adheres to 
the sperm  ac ro so m al p rocess. S p erm ato zo a  can  not 
penetrate  the ch o rio n  proper, but can  fu se  w ith  the tip 
o f  an egg m icrov illu s , w h ich  penetra tes th e  chorion. 
A t least tw o o th e r  species o f  H ed iste , i.e. th e  large-egg 
form  and H. d ivers ico lo r  (P asteels, 1966), probably 
have the sam e m an n er o f  sperm  en try  as the sm all-egg  
form , because th e ir  eggs have the M TV , and the adhe­
sion o f  the sperm  acrosom al p rocess ju s t  above an egg 
m icrovillus w as also observed  in the  large-egg  form  
(F igure 3C). A ll the M TV  d isappeared  from  the egg 
surface w ith in  5 m in o f  in sem ination  in  the sm all-egg  
form  (Sato  & O sana i, 1986).

In  un fertilized  eggs o f  the H ed iste  sm all- and large- 
egg fo rm s, th e  available a re a  fo r sperm  fusion  was 
estim ated  from  the values o f  m ean  c ross-sec tion  area 
and density  o f  m icrovilli: T otal area o f  the m icrovillus 
tips occupies 2 - 3 (/c  o f  the w ho le  egg  su rface in both 
o f  the tw o fo rm s (Table 2).
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F igu re 3. E lectron  m icrographs o f  sperm atozoa  o f  tw o  sp ec ie s  
o f  the H e d is te  ja p o n ic a  group. (A ) S p erm atozoon  o f  sm a ll-egg  
form  co llec ted  from  the K yob ash igaw a River. (B ) S perm atozoon  o f  
large-egg  form  co llec te d  from  N iid a g a w a  River. m  -  m itochondrion; 
n -  nucleus; v  -  acrosom al v es ic le ;  r -  acrosom al rod. (C ) T ip  o f  
acrosom e-reacted  sp erm atozoon  o f  la rg e-eg g  form  co llec te d  from  
N iid agaw a River. S p ec im en  fixed  1 m in  after in sem in ation  to eggs  
pretreatcd in 8 %  a ce ton e in 1 0 %  seaw ater  for 15 m in in order to 
in d u ce polysperm y. A cro so m a l p ro cess  (ap ) con ta in in g  acrosom al 
rod (r) adhering to the e g g  surface ju st  ab ove a m icrov illu s. For 
T E M  m eth od s se e  S a to  & O sanai (1 9 8 6 ) . S c a le  bar: I g m .

Differentiation o f  life-history traits in the two 
Japanese species o f  Hediste

M o d es o f  reproduction

In  th e  sm all-egg  fo rm , sim u ltaneous rep roduction  oc­
cu rs as rep ro d u c tiv e  sw arm ing  in  the co ld  season, 
w in te r o r  early  sp rin g  (Izuka, 1908; K agaw a, 1955; 
Sun e t al., 1980; W u e t al., 1985; Sato &  T such iya, 
1987). D uring  reproductiv  e sw arm ing , m ature adults 
sw im  up ju s t a fte r n igh t h igh  tide during  spring  tides 
and are  tran sp o rted  dow nstream  by  w ater cu rren ts o f 
the ebb  tide (F ig u re  6). In K agosh im a, sou thern  Ja­
pan , th e  la rgest n u m b er o f  adults partic ipa te  sw arm ing  
in  la te  F eb ruary  o r  early M arch , and sw arm ing  o f  a 
sm alle r n u m b er o f  adults con tinues until A pril. The 
body  w all o f  th e  sw im m ing  adults becom es very  thin, 
so  th a t in fem ales , g reen  co lou r o f  ripe  eggs can  be 
seen , and in  m ales , the w hitish  co lou r o f  the sperm . 
E p itokous m etam orphosis  is no t so d is tinc t as in the 
h e te ro n ere id  fo rm s o f  m any m arine species (Izuka, 
1908; Im ajim a, 1972). E ggs o r sperm  are  shed  into 
the am b ien t w ater around  river m outh , and fertiliza tion  
occu rs there. A fte r spaw ning , adu lts d ie , i.e. th is spe­
cies is sem elparous (Sato  &  T such iya , 1987). T he life 
span  (genera tion  tim e) o f  the sm all-egg  fo rm  seem s 
to  be  one  y ea r o r m ore, because  th e  rep roduction  is 
res tric ted  to  a  short period  once  a year.

In con trast, spaw n ing  o f  the large-egg  form  occurs 
w ith in  the b rack ish  w aters o f  the adu lt hab ita t w ithout 
rep roductive  sw arm ing  (Sato & T such iya , 1987). F e­
m ales spaw n  w ith in  the  burrow s. A  m atu re m ale  was 
observed  sw im m ing  n ear the bo ttom  and releasing  
sperm  in  an aquarium . T herefo re , in the large-egg 
form , m ales m ay re lease  sperm  n ear the open ings o f 
bu rrow s o f  fem ales , and sperm  m ay be incorporated  
in to  a  fem ale  burrow  by  w ater cu rren t m ade  by the 
w rigg ling  behav iour o f  a fem ale. S paw ning  o f  the 
large-egg  fo rm  is not as sim u ltaneous as in the sm all- 
egg  form . M any  m atu re  adu lts w ere  co llec ted  in late 
S ep tem b er-O c to b er in sou thern  Japan , and  in June 
in  no rth e rn  Japan  (Sato  &  T such iya , 1987). B u t a 
few  m atu re w orm s vv e re  found  th ro u g h o u t a lm ost the 
w ho le  year. T h e  life span  o f  th e  la rge-egg  form  seem s 
to  be  less than  one year, because  a  m ale  ra ised  from  
an egg  spaw ned  in an  aquarium  reached  reproductive 
m atu rity  th ree  m onths after fertiliza tion . T he large- 
egg  form  is also sem elparous. W ithin  sed im ents, we 
can  find spen t adults w h ich  are alive fo r a  w hile  after 
spaw n ing  (Sato  & T su ch iy a , 1987). It is unknow n 
w h eth er the spent adults b rood  th e  young  o r  not.



F igu re 4. M ature u nfertilized  eg g s . S m a ll-e g g  form  co llec te d  from  the Y ahatagaw a R iver in 15 %o sa lin ity  (A ) an d  in 2 3  f ir  sa lin ity  (nearly  
iso to n ic  to  the oop lasm ) (B ). L arge-egg  form  co llec te d  from  N iid agaw a R iver in 6 %o sa lin ity  (C ) and in 15 %c sa lin ity  (nearly iso to n ic  to the 
o o p la sm ) (D ). G erm inal v es ic le  (g ) w ith  n u c leo lu s  (n ). o -  o il drops. S ca le  bar: 100 ß m .

Sex de term ina tion  a n d  sex ratio

Sato  &  Ikuda (1992) exam ined  kary o ty p es o f  the tw o 
sexes by ob ta in ing  ch rom osom e sam p les from  reg en ­
era ting  tail tip s o f  m ales and fem ales and from  clum ps 
o f  sperm atogon ia  in males. T h e ir resu lts  show ed that 
in bo th  the sm all- and large-egg  fo rm s, the d ip lo id  
ch rom osom e num ber is 28 and the kary o ty p e  is sim ­
ilar, con ta in ing  heterom orph ic  sex  ch ro m o so m es (Sato 
&  Ikeda, 1992). T he sex seem s to  be  de te rm ined  by 
a sim ple system  o f  m ale he terogam y, i.e. th e  m ale 
g eno type  is XY, and the fem ale  g eno type  is X X . It is 
charac te ristic  that the Y ch rom osom e is la rger than  the 
X in this case.

A ccord ing  to  the ch rom osom al sex determ ination , 
s im p le  ou t-crossing  shou ld  p ro d u ce  a 1:1 sex ra tio . In 
fact, a sex ratio  o f  a lm ost 1:1 in bo th  fo rm s o f  H ediste  
has been  observed  in the field. S w im m in g  adu lts  o f  
the sm all-egg  form  w ere co llec ted  a t the peak  o f  re ­
p roductive  sw arm ing  in the O m oigaw a R iver, sou thern  
Japan  on  1st M arch  1991. T h e ir sex w as easily  d e ­
te rm ined  (m ale :fem ale  =  143:134). B enthic adu lts o f 
the large-egg  form  w ere co llec ted  in the K o tsukigaw a

River, sou thern  Japan , in S ep tem b er-O c to b e r, 1988 
ju s t befo re  rep ro d u c tio n , and th e ir  sex  w as exam ined  
by observ ing  m atu re  o r im m atu re  gam etes w ith in  the 
body  cavity  (m ale :fem ale  = 117:121).

B ody size  o f  m a ture  adults

In body leng th  o f  fixed in tac t specim ens collected  
from  m any p laces in Japan, m atu re  adults o f  the sm all- 
egg  form  (28—150 m m , average: 65 m m , «=185) 
w ere sign ifican tly  larger than those  o f  th e  large-egg 
form  (2 5 -1 0 0  m m , average: 5 0  m m , n=7 3 ) (M ann- 
W h itney ’s U -test: p  <  0 .0001).

T he adult bo d y  size o f  the tw o fo rm s w as a lso  com ­
pared  using index  o f  w idth o f  an terio r body w ithout 
parapod ia  (F igure 7). T hough adu lt s ize  varied  am ong 
popu la tions w ith in  a form , m ean  body  w id th  o f  the 
sm all-egg  form  w as sign ifican tly  la rger than tha t o f  the 
large-egg form  in  the sym patric  popu la tions (M ann- 
W hitney ’s U -test: p  <  0 .001). In ne ither fo rm  was 
the d ifference  in  size betw een m ales and fem ales 
significant.
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/ \  m t v

F igu re  5. T E M  m icrograp h s o f  u nfertilized  e g g  surface o f  sm a ll-egg  form  co llec te d  from  Yuriage (A ), and large-egg  form  co llec te d  from  
N iid agaw a R iver (B ). m tv  -  m icrov illu s tip v es ic le ;  m  -  m icrov illu s; ch  -  ch orion  co n s is tin g  o f  three layers; ca  -  cortical a lveo lu s. For TEM  
m ethods s e e  S a to  & O san ai (1 9 8 6 ) . S c a le  bar: 0 .5  fj.m.
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Figure 6. Sw arm ing o f  m ature adults o f  sm a ll-e g g  form  at th e m outh o f  the O m oigaw a R iv er  (25th  February, 1986). F em ales  green , m ales 
w hitish .
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F igu re  7. B od y  w idth  o f  m ature adults o f  tw o  s p e c ie s  o f  the H e d is te  
ja p o n ic a  group. S m a ll-eg g  form  co llec ted  from  1 I lo ca lit ie s , and  
large-egg  form  from  9 loca lities. A verage o f  the wddth o f  anterior 
body  w ithout parapodia and S D  bar are show n in each  locality . T h e  
lo ca lity  num bers (1 -1 6 ,  F igure 1) are arranged from  north to  south. 
N um ber on  each  datum  ind icates sa m p le  s ize . S ig n ifica n ce  o f  d if­
ferences b etw een  the sjm p atr ic  tw o  form s in 3 lo c a lit ie s  (13 , 14, 
16) in K agosh im a Prefecture tested  by M an n -W h itn ey  U -test; for  
all loca lities , d ifferen ce is s ign ifican t ( ’ : p = 0 .0 0 1 , : p = 0 .0 0 0 l) .

E gg sizes

E gg sizes are consp icuously  d iffe ren t betw een  the 
sm all- and large-egg  fo rm s (Sato  &  T such iya , 1991).

E gg  d iam eter o f  the large-egg  form  w as 2 0 0 -2 2 0  g ra , 
w h ile  th a t o f  th e  sm all-egg  form  w as 130 -1 7 0  /zm. 
N o m arked  g eog raph ic  varia tion  in size w as observed 
in e ither spec ies (F igure 8). A s in m any o ther species 
o f  m acroben thos (S tra thm ann  & S tra thm ann , 1982), 
the species w ith  the la rger adu lt body  size  produces 
sm aller eggs, and  the species w ith the sm aller adult 
body size p roduces larger eggs. F em ale  body  size and 
egg sizes in th e  sm all-egg  form  co llec ted  from  the 
O m oigaw a R iver, sou thern  Japan , how ever, are not 
correlated .

F ecundity (c lu tch  size)

A dult fem ales w ere care fu lly  co llec ted  and kept in 
indiv idual con ta iners . F ecund ity  (en tire  num ber oí 
eggs produced  by a fem ale) w as ca lcu la ted  by sev­
era l counts o f  egg num ber in d ilu ted  egg suspension 
(F igure 9). F ecund ity  o f  the sm all-egg  form  w as from 
m ore than ten  thousand  to o n e  m illion  eggs. For the 
large-egg  form , it is ra ther d ifficult to  co llec t fu lly  m a­
tu re  fem ales w ithou t injury. T hough  only  three counts 
fo r the large-egg  form  are availab le , it is ev iden t that 
fecund ity  o f  the large-egg fo rm  w as several thousand 
eggs, i.e. m uch sm aller th an  tha t o f  the sm all-egg 
form .



137

T able  2 . D ensity o f  m icrov illi (m v) and total area o f  the m ic ro \ illu s  tips on  e g g  surface in tw o  sp ecies  
o f  the H e d is te  ja p o n ic a  group. T ran sm ission  electron  m icrographs ob ta in ed  from 1 1 -1 6  ultrathin  
sec tio n s  o f  8 -1 1  eg g s  w ere used for m easurem ents and ca lcu la tion s. P. -  P refectu re

S p e c ie s  and 

loca lity

D ensity  o f  m v  

(N o .//.iin 2 )

D iam eter o f  

m \ (/rm )

M ean  cross  section  

area o f  a  m \ ( p m 2 )

Percent o f  area 

occu p ied  by  

m v on  egg  surface

S m a ll-e g g  form

H irosh im a P. 1.33 ± 0 .1 7 0 .1 5 6  ± 0 .0 1 9 0 .0 1 9 2.6

(n  =  14) (n  =  91 )

M iy a g i P. 0 .6 7  ± 0 . 1 2 0 .1 8 8  ± 0 .0 2 2 0 .0 2 8 1.9

(n  =  14) (n =  76)

L arge-egg  form

A om ori P. 0 .7 6  ± 0 . 1 0 0.221  ± 0 .0 2 3 0 .0 3 8 2.9

(n  =  16) (n =  108)

3 0 0 -

2 0 0 -

Q 100
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F igu re 8. E g g  s ize s  o f  tw o  sp e c ie s  o f  the 1H e d is te  ja p o n ic a '  group. 
R an ge o f  d iam eters o f  m ature eg g s  is  sh ow n  for each popula­
tion . L iv in g  m aterials m easured in m ed ia  iso ton ic  to the oop lasm  
(about 15 Toe sa lin ity  in large-egg  form , and about 3 0  Zoo sa lin ity  in 
sm a ll-e g g  form . Sato & T su ch iy a , 1987) excep t for four loca lities  
(* , **). For lo ca lity  num bers F igure 7 ,  excep t for additional data 
o f  K om inatogaw a R iver (a) (S ato  &  T su ch iy a , 1991), K ojim a B ay  
(b) (Izuka, 1908) and S h in m ach igaw a  R iver (c) (O kada, 1960) (F ig ­
ure 1). N u m b er o f  fem a les  exam in ed  sh ow n  on each datum . |:, eg g s  
w hich  had b een  shed out from  several fem a le s  and fixed  in 8 0 cf 
ethanol w ere  m easured; ** , sa m p le  s iz e  n o t sh ow n  in the literature 
cited.

E arly  d eve lopm en t

D evelopm enta l p a tte rn s  are  m arked ly  d ifferen t betw een  
th e  sm all- and la rge-egg  fo rm s (S ato  &  T such iya , 
1991). F igure  10 show s a schem atic  sum m ary  o f

1 0 6 '

105

10 4 '

®  S m a ll-e g g  form  

O  La rge -e gg  form

103

.
I .  M
C

0 3

B o d y  w id th  o f  f e m a l e s  (m m )

F igu re  9. Fecu nd ity  o f  a  fem a le  in tw o  sp e c ie s  o f  the ‘H e d is te  
ja p o n ic a '  group. S m a ll-eg g  form  co llec ted  from  O m oigaw a  R iver  
(23  in d s) and N anakitagaw a R iver (1 ind.); large-egg  form  from  
K otsu kigaw a R iver (3  ind .).

d iffe rences in early  developm ent be tw een  the tw o 
fo rm s. In  both  form s, a  je lly  substance  secre ted  ju s t 
a fte r fe r tiliza tion  form ed a je lly  layer su rround ing  the 
develop ing  em bryo.

In the  sm all-egg  form , the  je lly  layer w as th ick  
(T able  1), bu t relatively  so ft and d isappeared  g rad u ­
ally, and then  the trochophores began  to  sw im  freely  
(F igure  10). D uring th e  p lank ton ic  phase, th e  lar­
vae b ecam e  nectochaetes w ith  long chaetae . It was 
often  observed  that the  nectochaetes floated m o tion ­
lessly a t th e  w ater su rface w ith the ch aetae  sp read  out 
radially . T h e  nectochaete  larvae  con tinue  th e  p lank-
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H

Figure IO. S ch em atic diagram  o f  early  d evelopm ent in tw o  s ib lin g  sp e c ie s  o f  the 'H ed is te  ja p o n ic a  group. S -  S m a ll-e g g  form : L  -  Large-egg  
form ; ( I ) U nfertilized  e g g , (2 ) T w o -ce ll s ta g e , (3 ) T rochophore, (4 ) T h ree-ch aetiger n ectoch aeta , F  -  Fertilization; H  -  H atching from je lly  

layer; j -  Jelly  layer.

ton ic  life until the 6 -chae tiger stage , abou t one m onth  
a fte r fertilization , and then se ttle  in to  brack ish  w a­
ters o f  the adult habitat, m ov ing  upstream  on rising  
tid es  (K agaw a, 1955; Sato, unpub l.). F o r the sm all- 
egg form , salin ity  approach ing  fu ll-s treng th  seaw ater 
(at least m ore than  20  %o) is essen tia l fo r th e  early 
developm ent, and the 6 -chae tiger la rvae  seem  to  gain 
a  to lerance  to low er salin ity  (K agaw a, 1955; Sato  & 
T such iya , 1987).

In  the large-egg  form , the je lly  layer w as relatively 
solid  and d id  not d isso lve and th e  tro ch o p h o res  never 
ha tched  ou t o f  the je lly  layer. H atch ing  occu rred  at the 
3 -chae tiger nectochaete  stage w ith  short chaetae. T he 
3 -chae tiger nectochaetes d id  no t sw im  and adhered  
to  th e  bo ttom , so they w ere  reg ard ed  as ben th ic  j u ­
veniles. In the large-egg fo rm , the early  developm ent 
can  proceed  under a w ide ran g e  o f  sa lin ity  w ith  the 
o p tim al salin ity  around  l57co, w h ich  is lethal fo r the 
developm ent o f  the sm all-egg  fo rm  (Sato  &  T such iya , 
1987).

T hus, the m ost im portan t d iffe rence  betw een  the 
tw o fo rm s is tha t th e  sm all-egg  fo rm  has a p lank ton ic  
and p robably  p lank to troph ic  deve lopm en t, w h ile  the 
large-egg  form  has a d irec t d ev e lopm en t w ithou t a  true

planktonic phase. T he nectochaetes o f  the sm all-egg 
form  have longer chaetae than  those  o f  the large-egg 
form .

A dvanced  ju v en ile s  o f  th e  large-egg  form  w ith  4 
o r m ore chae tigers  can sw im . In the K otsuk igaw a 
R iver, sou thern  Japan , w here  the large-egg  form  is 
m ost com m on , such sw im m ing  ju v en ile s  w ere co llec­
ted  by hau ling  a net at the flood tide. B enthic juven iles 
o f  the sam e stages as the sw im m ing  ju v en iles  w ere 
found in th e  sed im en t at th e  ebb  tide in th e  sam e 
place. T hus, it seem s that th e  ju v en ile s  a re  m ainly 
ben th ic , and  on ly  during  flood tide  do they  float up 
and sw im  in to  the water. By th is  behav iour, the young 
produced  by the d irec t developm ent w ith in  a  fem ale 
burrow  can d isperse  w idely  in a b rack ish -w ater region 
w ithout becom ing  d isp laced  dow nstream .

Life cycle  an d  in terpopu la tiona l gen e tic  d ifferences

L ife cycles o f  the sm all- and large-egg  form s are sum ­
m arized in F igure 11. T he life  cycle  o f  the sm all-egg 
form  com prises m igrations b e tw een  brack ish  w aters 
and the sea, w h ile  the life cy c le  o f  the  large-egg  form  
is usually  restric ted  to brack ish  w aters w ith in  a river. 
A du lts o f  both  fo rm s show  eu ry h a lin e  d istributions

'""/um
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Sm all-egg  form L a rg e -e g g  form

Habitat of adu lts 

(Brackish w aters)

T he s e a

F igu re 11. S ch em a tic  diagram  o f  life  cy c les  o f  tw o sp ec ie s  o f  ihe ‘'H ed is te  ja p o n ic a ’ grou p , b ased  on  K agaw a (1 9 5 5 ) , S ato  & T su ch iy a  (1987 , 
1991). L ile  c y c le  o f  sm a ll-e g g  form  (le ft) com p rises  m igrations b etw een  brackish  w aters and the sea , characterized  by (1 ) benthic life  o f  adults, 
(2 ) reproductive sw arm in g  o f  m ature adults tow ard the sea , (3 ) p lanktonic life  o f  larvae, and (4 ) m o v in g  upstream  and settlem en t o f  larvae into 
brackish w aters. L ife  c y c le  o f  large-egg  form  (right) com p leted  w ith in  brackish w aters (estu aries), characterized  by (1 ) b en th ic life  o f  adults, 
(2 ) reproduction  in or around adult burrow s, (3 ) direct developm ent, and (4 ) d isp ersal o f  ju v en ile s  b y  sw im m in g  behaviour.

in estuarie s (K agaw a, 1955; W u e t al., 1985; Sato, 
unpubl.) and  so m etim es occu r sym patrically .

T he d ifferen t life  h is to ries seem  to resu lt in the 
d ifferen t levels o f  gene tic  d ifferen tia tion  am ong geo ­
graphically  separa ted  popu la tions. It seem s tha t the 
p lank ton ic  larvae  o f  the sm all-egg  fo rm  easily  m igrate  
from  river to riv e r th rough  the sea, resu lting  in fre ­
quen t gene  flow  am o n g  popu la tions. In con trast, the 
gene flow seem s to  be lim ited  am o n g  popu la tions o f  
the la rge-egg  fo rm , w h ich  lacks a p lank ton ic  larval 
stage, though  d ispersa l from  river to  river is excep­
tionally  p ro b ab le  by sw im m ing  ju v en ile s , w h ich  may 
flow dow nstream  by acciden ts such  as a flood, and 
m ay com e back  to  an o th e r b rack ish -w a te r area. T hus, 
h igher in te rpopu la tiona l gene tic  d ifferen tia tion  m ay be 
expected  in th e  large-egg  form .

T h is idea  w as tested  b y  e lec tropho re tic  studies 
(Sato &  M asuda , 1997). G enetic  d ifferen tia tion  am ong 
five p o p u la tio n s o f  the sm all-egg  form  and five popu­
lations o f  the  la rge-egg  form  w as investigated  on 14 
isozym e loci by  e lec tropho re tic  analysis (both  form s 
w ere o b ta ined  from  th ree  rivers). A s w as expec­
ted, the gene tic  d iffe ren tia tion  am ong  popu la tions was 
h igher in the  la rge-egg  form  (F igu re  12). In th e  sm all- 
egg form , gene tic  s tru c tu re  w as ra ther hom ogeneous

even betw een  popu la tions from  northern  and  southern  
Japan.

Com parison of life histories in H ediste

T able 3 com pares life-h isto ry  traits o f  five H ed iste  spe­
cies. In con trast to sim ilarity  in  adult m orpho logy  and 
eco logy  am o n g  these  species, the m odes o f  the ir life 
h is to ry  are  rem arkab ly  variab le . T h e  sm all-egg  form  
is considered  to be th e  true  H. ja p o n ic a , b ecause  the 
developm enta l and rep roduc tive  fea tu res are identical 
w ith  those  in  the o rig inal descrip tion  o f  H. ja p o n ica  
(Izuka, 1908).

T h e  life  history o f  H. d iversico lo r  (D ales, 1950; 
Sm ith , 1964; B arte ls-H ardege & Z eeck , 1990) re ­
sem bles th a t o f the la rge-egg  fo rm  in, e .g . egg  size, 
rep roductive  behaviour and early  developm ent, but 
d iffers in hav ing  dem ersal deve lopm en t w ith  hatch ing  
ou t at th e  trochopho re  stage. M oreover, an aberran t sex 
ratio  w ith  few  males w as reported  in H. d iversico lor  
(D ales, 1950; Sm ith, 1964). H igh levels o f  genetic 
d iffe ren tia tion  betw een E u ropean  popu la tions o f  this 
species (H ateley  et al., 1992; Fong  & G arthw aite , 
.1994; A bb ia ti & M altag lia ti, 1996) a re  com parab le  to
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N agatagaw a (14) 

B eppugaw a (17) 

O m oigaw a (12) 

Kam inokawa (16) 

N anakitagaw a (6) 
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F igure 12. Dendrogram  sh ow in g  U P G M A  clu ster in g  by N c i's  gen etic  d istances am on g p op u la tion s o f  the s m a ll-e g g  form  (S ) and large- 
form  (L ). N um bers in parentheses correspon d  to  sites  in F igure 1. A fter S ato  & M asuda (1 9 9 7 ) , partially m od ified .

Table 3. L ife-h istory  traits o f  five  sp e c ie s  o f  H ediste

S p ecie s D istribution E g g  d iam eter (/2 m ) 

(d evelopm ent)

R em arks on  

reproduction

R eferences

H. ja p o n ic a Japan 1 3 0 -1 7 0 sw arm ing S ato &  T su c h iy a , 1987, 1991;

(sm a ll-egg  form ) C hina (p lankton ic) tow ards the sea W u e t a l., 1985

H e d is te  sp . 1 Japan 2 0 0 -2 5 0 fem a le  spaw n in g S ato &  T su ch iya , 1987 , 1991

(large-egg  form ) (direct) w ith in  burrow s

H e d is te  sp. 2 J apan 2 0 0 -2 1 0 7 S ato &  N ak ash im a, unpubl.

(A riake form ) (A riak e Sea) (?)

ƒƒ. d iv e rs ico lo r Europe 1 9 5 -2 7 5 fem ale  spaw ning D a les , 1950; S m ith , 1964;

N orth A m erican (d em ersal) w'ithin burrows. B arte ls-H ard ege & Z eeck , 1990

A tlan tic  coast few  m ales (1 -3 0 % )

H. lim n ico la N orth A m erican 1 2 0 -1 7 0 ,2 1 0 herm aphrodite, S m ith , 1950

P acific  coast (v iviparous) self-fertilization F on g &  Pearse, 1992a

those o f  the large-egg  form  in Japan  (Sato  &  M asuda, 
1997).

T he life h is to ry  o f H. lim n ico la , w h ich  inhabits 
fresh  w aters, is very spec ia lized  in  th a t the species is 
herm aphrod itic , se lf  fertiliz ing  and v iv iparous (Sm ith , 
1950). W ithin  the coelom  o f  a  p aren t, th e  young  de­
velop to  juven iles . T h e  ju v en ile s  em erge  by rup tu ring  
o f  the body w all o f  the pa ren t w hen  they  b ecom e 4 -  
8 m m  long w ith  2 0 -3 0  segm ents. C ross-fertiliza tion  
has never been  observed  in th e  field, and isolated

ind iv iduals p roduced  v iable o ffsp ring  in laboratory  
cu ltu res (Fong  & Pearse, 1992a,b). H ow ever, the 
genetic  ev idence  from  allozym e elec trophore tic  ana­
lysis suggests tha t H. lim nico la  is n o t en tire ly  self­
fertiliz ing  but ou tcrosses frequen tly  enough  to  m ain­
tain re latively  h igh  levels o f  he terozygosity  (Fong & 
G arthw aite , 1994).

S ince  the A riake form  has ju s t  recen tly  been d is­
covered , w e have only  little  in fo rm ation  abou t its 
life-h isto ry  traits. M atu re eggs o f  the A riake  form  w ere
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A
H .japonica  
(S m a ll - e g g  form )

H. sp .1
(L arge  - e g g  form )

H. d iversicolor

H. limn ¡coia

B
H. sp . 1
(L arge  - e g g  form )

H .d ivers ico lo r

H. lim nicola

H. ja p o n ic a  
( S m a ll  - e g g  form )

A n c e s to r  w ith  sm a ll e g g s  a n d  p e la g ic  A n c e s to r  with la rg e  e g g s  a n d  d irect or
d e v e lo p m e n t  d e m e r s a l  d e v e lo p m e n t

F igu re 13. T w o h y p o th eses  o f  spéciation  in H e d is te  sp e c ie s  group. (A ) H y p oth esis  that the an cestra l form  had a life  h istory  w ith  sm all e g g  size  
and p lan k ton ic d evelop m en t. (B ) H yp oth esis  that the ancestral form  had a life  h istory  w ith  large e g g  s ize  and direct or d em ersal d evelopm ent. 
(1 ) Large e g g  s iz e  and direct or d em ersal d evelopm ent. (2 ) H erm aphrodite, se lf-fer tiliza tion  and viviparity. (3 ) D iadrom ous life  h istory  with  
sw arm in g  and p lan k ton ic d evelopm ent.

ob ta ined  from  o n ly  one  labo ra to ry -cu ltu red  fem ale. 
T he re la tive ly  la rg e  egg  size (average egg d iam eter: 
205 / im )  suggests th a t the A riake  fo rm  m ay have the 
d irec t d ev e lopm en t like  the large-egg  form .

Conclusion

Sm ith  (1958) first d iscussed  th e  d irection  o f  spéciation  
in H ediste . H e su g g es ted  tha t life  h is to ry  o f  the sm all- 
egg  fo rm  w ith  rep ro d u c tiv e  sw arm ing  m igh t be  the 
p les iom orph ic  situa tion . A cco rd in g  to h is hypo thesis, 
species w ith  d irec t o r dem ersa l developm ent should  be 
derived  from  an an ces to r v, ith  p lank ton ic  developm ent 
(F igure  13 A).

Indeed , m any  m arine nere id id  species show  
rep roductive  sw arm ing  accom pan ied  by ep itokous 
m etam orphosis o f  adu lts to  th e  h e te ro n ere id  form  
(S ch roeder &  H erm ans, 1975). H ow ever, m atu re  
adu lts o f  the  sm all-egg  form  d o  n o t m etam orphose  to 
th e  typ ica l h e te ro n ere id  form : they  lack  the charac te r­
istic pad d le -sh ap ed  ep itokous ch aetae , though  m any 
h o m ogom ph  sp in ig e rs  a re  added  (Sm ith , 1958; Sato, 
unpubl.).

L arge  egg size and d irec t developm ent are n o t n e ­
cessarily  derivative ch arac te ris tics  fo r adap ta tion  in 
b rack ish  w aters o f  rivers, but com m on ly  o ccu r also in 
m arine  species o f  p o ly ch ae tes  and o ther m acroben thos 
(T horson , 1950; M ile ikovsky , 1971; S ch roeder &  
H erm ans, 1975; M . E. P e te rsen , personal com m m u- 
n ication). C o n tras ting  life h is to ries w ith  d irect or

p lan k to n ic  dev e lo p m en t are  know n in m arine po ly ­
chae tes  such as N ere id id ae  (H auensch ild , 1951 ; R eish , 
1957; C lark , 1977), H esion idae  (W estheide, 1967), 
C ap ite llid ae  (G rass le  & G rassle , 1976), Sabellidae  
(M cE u en  e t al., 1983) and L um brineridae  (Sato  e t ah, 
1982). In m any p o ly ch ae te  taxa, it appears to be  the 
ru le  ra ther than th e  excep tion  tha t rep roduction  and 
developm en ta l p a tte rn s are  variable. T h erefo re , e ither 
d irec t o r  p lank ton ic  developm en t cou ld  be  ancestral 
fo r  the  life h is to ry  o f  a b rack ish -w ater species.

In H ed iste , an o th e r hypothesis o f  spécia tion  is 
p ro p o sed  here: L ife  h is to ry  w ith d irec t o r dem ersa l de­
v e lo p m en t m ay be  prim itive , and life h is to ry  w ith  the 
rep roduc tive  sw arm ing  and  p lank ton ic  developm ent 
m ay  be  derived  (F igu re  13B). E lec tropho re tic  stud ­
ies (F ong  & G arthw aite , 1994; A bbiati &  M altag lia ti, 
1996; S ato  &  M asuda, 1997) suggested  th a t g rea ter 
gene tic  d iffe ren tia tion  betw een  popu la tions can oc­
cu r in  spec ies w ith d irec t o r dem ersa l developm ent, 
as g en era lly  expected  (S cheltem a, 1971; B urton & 
F e ld m an , 1982; H osk in , 1997). I f  such a fo rm  is 
ancestra l, a llopatric  spécia tion  and  es tab lishm en t o f  
sib lin g -sp ec ies  g roups seem  to be easy.

In th e  genus H ed iste , only  H. lim n ico la  inhabits 
freshw aters . Its specialized  life-h isto ry  traits such as 
herm aphrod itism , se lf-fertiliza tion  and v iv iparity  m ay 
b e  co n sid e red  as adapta tion  to th e  freshw ater habitats .

T h e  o th e r H ediste  species inhab it b rack ish  w a­
ters in  N orth  T em perate  Z one. E stab lishm en t o f  the 
d iad ro m o u s life-h isto ry  o f  the sm all-egg  fo rm  m ay be
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rela ted  to th e  h igher prim ary  productiv ity  in tem per­
a te  la titudes. In genera l, o ceans are m ore  productive 
than freshw aters in tem pera te  la titudes, w hile freshw a- 
ters are  m uch m ore p roductive than  oceans in trop ical 
latitudes (G ross et al., 1988). O ne o f  the m ost im ­
portan t benefits o f  p lank ton ic  developm en t fo r benthic 
an im als is tha t the ir larvae can  use th e  phy top lankton  
fo r food. In a tem pera te  reg ion  w ith  h igh  ocean ic  p ro ­
ductivity , rich  resources o f  p h y top lank ton  in seaw ater 
m ay cause  the evolution  even fo r a  b rack ish -w ater or 
freshw ater species to  y ield  a life  h is to ry  w ith  p lan k ­
ton ic  larval life in th e  sea. T h is  id ea  can illustrate  
e s tab lishm en t o f  the d iad rom y  in fishes (G ross, 1987). 
T h u s, it is p robab le  th a t the sm all-egg  form  w ith 
p lank ton ic  developm ent evo lved  from  an ancestral 
fo rm  like th e  large-egg  fo rm  w ith  d irec t developm ent.

A ccord ing  to  th is h ypo thes is , po lychae tes w ith 
p lank ton ic  developm en t and  a d iad rom ous life h istory  
shou ld  be rare in  trop ica l b rack ish  w aters o r freshw a­
ters. T he fo llow ing  facts seem  to  su p p o rt th is p red ic ­
tion , though  life-h isto ry  stud ies  o f  trop ical brack ish- 
w ater o r freshw ater species are no t enough: 1. T here  
is no  report o f  p lank ton ic  d ev e lopm en t, rep roductive  
sw arm ing  and any o th e r ch arac te ris tic  o f  the d iadrom y 
in b rack ish -w ater o r  freshw ate r po lychae tes  inhab it­
ing trop ica l latitudes. 2. N ond iad ro m o u s life  h istory  
w ith  d irect developm ent w as fo und  in a  sub trop ­
ical b rack ish -w ater nere id id , N ea n th es g la n d ic in c ta , 
w h ich  is m orpho log ica lly  very  s im ila r to  H ediste  spp. 
(Sato , unpubl.). 3. In tem pera te  la titudes o f  Japan , a 
d iad rom ous life h is to ry  w ith  rep roductive  sw arm ing  
and p lank ton ic  developm ent, as in th e  H ed iste  sm all- 
egg form , is know n in an o th e r b rack ish -w ate r nereid id , 
Tylorrhynchus heterochaetu s  (Izuka, 1903; O sanai, 
1978), w h ich  is no t c lose ly  re la ted  to  H ediste  spp.
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