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Abstract. K aryotypes o f  the brackish-w ater polychaete 
Neanthes japonica  (Izuka) collected from  five rivers in 
Japan  from 1984 to 1988 were exam ined with air-drying 
and  flam e-drying m ethods using m aterials consisting of 
regenerating tails, clum ps o f  sperm atogonia and  young 
N. japonica  specimens (em bryos, larvae or juveniles). A 
diploid num ber o f  28 w as determ ined in well-spread 
m etaphase chrom osom es o f  m ito tic cells. The presence o f 
an  X X -X Y (male heterogam etic) sex chrom osom e system 
was established for the first tim e in polychaetes. The Y 
chrom osom e was larger th an  the X chrom osom e. Slight 
differences in karyotype were found  between two forms 
(the small- and  large-egg form s), which are very sim ilar in 
ad u lt m orphology bu t can be distinguished by reproduc­
tive and  developm ental characteristics.

Introduction

Annelids are one o f  the anim al phyla th a t are less well 
know n from  a cytological p o in t o f  view (Christensen 
1980). Previous karyological studies o f  nereidid poly­
chaetes dem onstrated  th a t the diploid chrom osom e 
num ber is 28 in m any species, w ith differing interspecific 
karyotypes (Christensen 1980). There has been no report 
o f  sex chrom osom es in annelids.

In the present paper, we describe the chrom osom e 
com plem ent o f a brackish-w ater polychaete Neanthes 
japonica  com prising tw o fo rm s 1 (the small- and  large-egg 
form s), which are very sim ilar in adult m orphology bu t 
different in egg size and  reproductive and developm ental 
characteristics (Sato and Tsuchiya 1987, 1991). O ur re­
cen t studies have suggested th a t the two form s are in fact 
separate species w ith som e m orphological differences in
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1 T he term  “ tw o form s” is used in this pap er to be equivalent to 
“ tw o types” used in o u r previous pap ers  (Sato and  Tsuchiya 1987, 
1991)

m ature  adults (Sato unpublished data), although we use 
the term s small- and  large-egg form s in this paper. In  this 
study, we report on the presence o f heterom orphic sex 
chrom osom es in these form s and  karyological differences 
between the two forms.

Materials and methods

C hrom osom e preparation  using adult m ales and  females

A dult w orm s (5 to  10 cm long) o f  Neanthes japonica  were collected 
in 1984 from  the sedim ent o f  the in tertidal flats in the Kôtsuki River 
(1.5 km  upstream  from  the m o u th ) and  the O m oi R iver (1.3 km  
from  the  m o u th ) in K agoshim a Prefecture (Fig. 1, Table 1). In  the 
lab ora to ry , the posterior tip (ca. 5 m m  long) o f  each w orm  was 
excised. T hereafter, each w orm  was kep t a t 17 to  20 °C in a  Petri 
dish  con tain ing  50%  seaw ater (salinity: 17%o) and  sand. W orms 
were fed on  com m ercially available fish food. Ca. 2 wk later, the 
regenerating  tail developed to  a length o f  1 to  2 mm. To obtain  
well-spread chrom osom es in m etaphase  from  the regenerating tail, 
we m odified the air-drying technique o f  Im ai et al. (1977). Each 
w orm  with a  regenerating tail was trea ted  w ith 0.05%  colchicine 
dissolved in 50%  seaw ater fo r 15 to  24 h  a t 17 to  20 °C. T he regen­
erating  tail was then  rem oved w ith a razo r and  placed in  a  hypo­
ton ic  so lu tion  (1%  sodium  citrate) for 20 to  40 m in. T he tail was 
fixed in a t least two changes o f  fixative (1:1 m ethanokacetic  acid) 
fo r a  to ta l time o f  20 to 40 m in, transferred  on to  a  ice-cold p re­
cleaned slide using a Pasteur pipette, and  teased a p a r t using two 
dissecting needles and  by add ing  several d rops o f  the fixative to 
the m aterial. Slides were air-dried and  stained fo r 20 m in in freshly- 
p repared  2%  G iem sa solution  (M erck so lu tion  dilu ted  in  0.07 M  
Sorensen’s pH  6.8 buffer). Slides were rinsed in distilled w ater 
fo r 1 s, a ir-d ried , and  observed under a  m icroscope w ithou t a  cover- 
slip.

T he sex o f  each individual was determ ined by exam ining 
coclom ic con ten t. Individuals having oocytes were judged to  be 
females and  those having clum ps o f  sperm atogonia o r sperm ato­
cytes (Olive 1983, Ikeda and  Sato  1991) were judged to  be males. 
O ocytes an d  sperm atogonial clum ps have never occurred  together 
in a single w orm  th roughou t o u r observations o f  m ore th an  a 
h u ndred  worm s.

M ale w orm s were also collected from  the K ôtsuki River, 
K agosh im a Prefecture, the Y ahata River, H irosh im a Prefecture, 
and  the K om inato  River, A om ori Prefecture from  1984 to  1988 
(F ig. 1, T able 1), an d  clumps o f  sperm atogonia  were used for chro-
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m osom e p reparation . S em itransparen t clum ps (ca. 10 pm  in diam e­
ter) o f sperm atogonia  w ere ob tained  by cu tting  the m ale body with 
forceps. G on ia  were centrifuged (300 g, 2 to  3 m in) and  treated  with 
0.005%  colchicine in 50%  seaw ater fo r 30 m in and  then with 1% 
sodium  citrate  fo r 40 m in. T he m ateria ls were fixed in tw o changes 
o f 3:1 m ethanokacetic  acid  fo r a to ta l tim e o f  20 to 40 m in. Slides 
w ith a few drops o f  cell suspension were flam e-dried and  stained 
w ith 2%  G iem sa so lu tion  (M acgregor and  Varley 1983).

Chrom osom e p repara tion  using embryos, 
larvae or juveniles

The small- an d  large-egg form s are distinguished according to dif­
ferences in the gam ete m orphology and  the developm ental patterns 
(Sato and  Tsuchiya 1991). K aryotypes o f  the  two form s were com ­
pared  by using young  N eanthes japonica  individuals (embryos, lar­
vae or juveniles). Sexually-m ature w orm s o f the small-egg form 
were collected when they were sw im m ing as reproductive swarming 
in the O m oi R iver (0.1 km  upstream  from  the m outh) (Table 2). 
Sexually m atu re  w orm s o f  the large-egg form  were collected from 
the sedim ent o f  the in te rtida l flat in the K ôtsuki R iver (1.5 km  from 
the m outh). L arvae o r juveniles were ob tained  by artificial fertiliza­
tion and  rearing  o f the em bryos (Sato and  Tsuchiya 1987, 1991). An 
egg mass, w ith  developing em bryos (trochophore  stage) o f  the large- 
egg form , was found  in  a  burrow  o f  N . japonica  in the small creek 
(0.5 km upstream  from  th e  m outh) n ear the p o rt o f  Ôtsuchi, Iwate 
Prefecture (Fig. 1). These em bryos were also used fo r karyotype 
analysis. T he em bryos, larvae or juveniles were treated  fo r 2 h at 
room  tem perature  (17 to  20 °C) w ith 0.05%  colchicine dissolved in 
50%  seaw ater (salinity: 17%o) for the large-egg form  or 70%  seawa­
ter (salinity: 24%o) fo r the small-egg form . Then, specim ens were 
placed in 1 % sodium  citrate  fo r 30 to  40 m in and  fixed in a t least 
tw o changes o f 3:1 m ethanol:acetic  acid fo r a  to ta l time o f more 
th an  30 min.

Fig. 1. Neanthes japonica. Localities o f m ateria ls used fo r karyolog- Slides were p repared  according to  the  m odified air-drying tech-
ical studies nique o f  Pesch and  Pesch (1980), w hich was adap ted  from  Kliger-

Table 1. Neanthes japonica. M aterials used fo r karyological com parison between m ales and  females. M ore th an  five m etaphase  spreads were 
exam ined in each individual to  determ ine th e  d iploid chrom osom e num ber. K aryotypes o f one to  fou r spreads in the best condition  were 
analysed in each individual to  determ ine sex chrom osom es

Locality Sam pling date Tissue used Sex o f 
individuals

N o . o f 
individuals

N o. o f spreads
fo r karyotype analysis

K ôtsuki River 8 Sep 1987 R egenerating tail Fem ale I a 4
30 A ug 1985 Sperm atogonia M ale 3 3 +  3 +  2

O m oi R iver 23 Dec 1987 R egenerating  tail Fem ale 3 1 +  1 +  1
M ale 3 1 +  1 +  1

Y ahata  River 27 M ar 1985 Sperm atogonia M ale 1 4
4 Jan  1988 Sperm atogonia M ale 1 2

K om inato  River 13 Dec 1984 Sperm atogonia M ale 1 2

a T he female was identified as the  large-egg fo rm  by oocyte m orphology

Table 2. Neanthes japonica. M aterials used fo r karyological com parison between the  sm all-egg and  large-egg form s. M ore than  ten 
m etaphase  spreads were exam ined in each b ro o d  to  determ ine the d iploid chrom osom e num ber. F o r karyotype analysis, chrom osom es of 
one to  six spreads in the best condition  were m easured in each brood. It is unknow n how m any individuals these spreads are derived from

F o rm Locality Sam pling date 
o f  m atu re  worm s

No. of 
broods

Young N . japonica  used N o . o f  spreads 
fo r karyo type analysis

Small-egg form O m oi River 4 M ar, 18 M ar 1988 2 T rochophore  larvae 2 +  2

Large-egg form K ôtsuki River 24 O ct 1988 2 E m bryos o f  troch o p h o re  stage 
o r 3-setiger juveniles

6 +  1

Ôtsuchi 15 June 1988 1 E m bryos o f  troch o p h o re  stage 3

1 : K o m in a to  Ri ver  
2 : Ôtsuchi  
3 : Y a h a t a  Ri ver  
4 : 0 m o i  R i ver  
5 : Kôtsuk i  R i ver  ^
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m an and  B loom  (1977). Using a Pasteu r pipette, 5 to  50 o f  the 
em bryos, larvae o r juveniles w ith  a  sm all am o u n t o f  fixative were 
placed on a  clean slide heated to  ca. 40 °C on a  slide warm er. 
Im m ediately several d ro p s o f  50%  acetic acid were added  to  cover 
the specimens. T he specimens were sm eared 2 to 4 m in later by 
pressing a second slide on top  o f  the first and  then draw ing the tw o 
slides ap art horizon tally  with one sm ooth  continuous m ovem ent. 
By use o f  this m ethod , cells o f  the specim ens were dissociated well 
and  a ttached  to  each slide, w hich were air-dried  and  sta ined in 2%  
G iem sa solution. A rm  length o f  well-spread m etaphase chrom o­
somes was m easured o n  enlarged (x 4 0 0 0  to 5000) photographs 
w ith a digitizer. T he chrom osom al pairs were classified on the basis 
o f the arm  ratio  (L evan et al. 1964): m etacentric  chrom som es with 
an  arm  ra tio  range o f  1.0 to 1.7, subm etacentric  chrom osom es with 
an arm  ra tio  range o f 1.7 to  3.0, and  subtelocentric chrom osom es 
w ith an  arm  ratio  range o f 3.0 to  7.0. The pairs were arranged  in 
descending o rd er o f  size except fo r  the last pa ir o f  sex chrom osom es.

Results

K aryotypes from  adult m ales and  females

W ell-spread m etaphase chrom osom es were obtained 
from  adults o f  fou r demes, using the regenerating tails o f 
three males and  four females and clum ps o f  sperm atogo­
nia o f six additional males (Table 1). A  female from  the 
Kôtsuki R iver could be identified as a large-egg form  due 
to the m orphology o f its relatively large oocytes (maxi­
m um  diam eter: 170 pm) (see Sato and  Tsuchiya 1991). 
F o r all o ther adults, discrim ination between the small- 
and the large-egg form s was impossible.

A  diploid (2n) chrom osom e num ber o f  28 was ob ­
served in m ost spreads in all demes. In  rare cases (less 
than  10% ), we observed 27 or fewer chrom osom es, p ro b ­
ably due to artifacts during p reparation . Chrom som e sets 
o f representative spreads are show n in Figs. 2 and  3. The 
length o f chrom osom es ranged from  1.5 to 4.8 pm. The 
m orphology o f  one pair o f  chrom osom es was different 
between males and females. The pair was sm all and 
m onom orphic in females, bu t heterom orphic in males. 
These were considered to be heterom orphic sex chrom o­
somes; females had two sm aller X  chrom osom es, and 
m ales had  a sm aller X  chrom osom e and  a larger Y  chro­
m osom e.

Slight differences o f karyotypes were observed be­
tween demes. In  karyotypes from  the Om oi deme 
(Figs. 2a , b), Pairs 1 to 3 were distinctly larger th an  all 
o ther pairs. Pairs 5, 6, 7, 10, 13 and 14 (X, Y ) were 
subm etacentric, and  all others m etacentric. O n the other 
hand , in karyotypes from  the K ôtsuki deme including an 
individual identified as the large-egg form  (Fig. 2 c), Pairs 
1 to 4 were distinctly larger. Pairs 6, 10, 13 and 14 (X, Y) 
were subm etacentric and all others m etacentric. A  karyo­
type from  the Y ahata deme (Fig. 3 a) was sim ilar to th a t 
from  the Kôtsuki deme except th a t Pair 5 was also sub­
m etacentric in the form er.

K aryotypes from  the young o f  the two forms

T he em bryos o r larvae in the trochophore stage, o r 3- 
setiger juveniles were used fo r com parison o f  karyotypes 
betw een the tw o form s in th ree demes (Table 2). A  diploid
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Table 3. Neanthes japonica. C haracteristics o f  chrom osom es o f  the 
sm all-egg form  collected from  the  Om oi River, K agoshim a. F o u r 
w ell-spread m etaphase  plates (one from  a female and  th ree  from  
m ales, see Fig. 4) o f  trochophore  larvae were used for m easurem ent. 
Average length and  range (in parentheses) are show n. A rm  ratio 
equals length  o f long arm  divided by length o f  sh o rt arm . m: m eta­
centric; sm: subm etacentric

P a ir no. L ength o f A rm  ra tio  o f Classification
chrom osom es chrom osom es o f  chrom o­
(pm ) somes

1 5.8 (4 .5 -7 .3 ) 1.2 (1 .0 -1 .4 ) m
2 5.2 (4 .1 -6 .6 ) 1.3 (1 .2 -1 .4 ) m
3 4.8 (3 .4 -6 .0 ) 1.3 (1 .2 -1 .6 ) m
4 4.0 (3 .2 -5 .2 ) 1.1 (1 .0 -1 .3 ) m
5 4.0 (3 .2 -4 .7 ) 2.1 (1 .7 -2 .4 ) sm
6 3.4 (2 .6 -4 .1 ) 1.6 (1 .3 -1 .8 ) m
7 3.3 (2 .4 -3 .9 ) 1.8 (1 .6 -1 .9 ) sm
8 3.2 (2 .3 -3 .8 ) 1.3 (1 .1 -1 .7 ) m
9 3.0 (2 .2 -3 .5 ) 1.5 (1 .3 -1 .7 ) m

10 2.9 (2 .1 -3 .6 ) 1.9 (1 .6 -2 .2 ) sm
11 2.8 (2 .1 -3 .3 ) 1.3 (1 .0 -1 .5 ) m
12 2.7 (2 .1 -3 .2 ) 1.2 (1 .0 -1 .6 ) m
13 2.3 (1 .7 -2 .8 ) 1.8 (1 .5 -2 .1 ) sm
14X 2.8 (2 .2 -3 .4 ) 1.8 (1 .4 -2 .1 ) sm
14Y 4.3 (3 .1 -5 .4 ) 2.5 (2 .0 -2 .8 ) sm

Table 4. Neanthes japonica. C haracteristics o f  chrom osom es o f  the 
large-egg form  collected from  the K ôtsuki River, K agoshim a. Seven 
w ell-spread m etaphase  plates (five from  females and  tw o from  
m ales, see Fig. 5) o f  em bryos o f trochophore  stage o r 3-setiger 
juveniles were used for m easurem ent. Average length  an d  range (in 
parentheses) are  show n. A rm  ratio  equals length o f  long arm  di­
v ided by length  o f  sho rt arm . m: m etacentric; sm: subm etacentric; 
st: subtelocentric

P a ir no. L ength o f A rm  ratio  of C lassification
chrom osom es chrom osom es o f  chrom o­
(pm) somes

1 5.2 (4 .5 -6 .7 ) 1.1 (1 .0 -1 .1 ) m
2 4.8 (4 .0 -5 .8 ) 1.2 (1 .0 -1 .3 ) m
3 4.6 (3 .9 -5 .7 ) 1.3 (1 .1 -1 .4 ) m
4 4.1 (3 .5 -4 .5 ) 1.2 (1 .0 -1 .4 ) m
5 3.5 (2 .9 -4 .0 ) 1.4 (1 .1 -1 .7 ) m
6 3.2 (2 .9 -3 .5 ) 2.3 (1 .7 -3 .1 ) sm
7 3.0 (2 .6 -3 .4 ) 1.6 (1 .2 -1 .9 ) m
8 2.9 (2 .5 -3 .6 ) 1.2 (1 .1 -1 .3 ) m
9 2.8 (2 .4 -3 .3 ) 1.5 (1 .3 -1 .7 ) m

10 2.7 (2 .1 -3 .4 ) 2.2 (1 .7 -2 .6 ) sm
11 2.5 (2 .1 -2 .9 ) 1.2 (1 .0 -1 .5 ) m
12 2.3 (2 .0 -2 .8 ) 1.2 (1 .1 -1 .3 ) m
13 1.9 (1 .5 -2 .5 ) 2.1 (1 .6 -2 .6 ) sm
14X 2.3 (2 .1 -2 .7 ) 1.8 (1 .5 -1 .9 ) sm
14Y 3.6 (2 .5 -4 .7 ) 3.2 (1 .8 -4 .6 ) st

chrom osom e num ber o f 28 was observed in m ost spreads 
o f b o th  form s (Figs. 4, 5 and  6). In  all demes, the sex of 
each individual was detem ined by sex chrom osom es. The 
X chrom osom e was a sm all (bu t no t the smallest) sub­
m etacentric or m etacentric chrom osom e. O n the other 
hand , the Y  chrom osom e was a  relatively large subm eta­
centric o r subtelocentric chrom osom e.

A utosom es were classified in to  three categories: m eta­
centric, subm etacentric and  subtelocentric (Tables 3, 4, 
5). In  the small-egg form collected from  the Om oi River
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Fig. 2. Neanthes japonica. K aryotypes o f  females (a , c) and a m ale (b). M ito tic  m etaphase  chrom osom es were obtained from  regenerating 
tails o f adults collected from  the O m oi R iver (a, b), and  the K ôtsuki R iver (c), K agoshim a. T he female from  the K ôtsuki R iver (c) was 
identified as the large-egg form  by oocyte m orphology. Scale bar: 5 pm

(Figs. 4, 7 a), the first three m etacentric pairs (Pairs 1 to 
3) were distinctly larger. All o ther pairs o f  autosom es 
descended in length little by little. P air 5, which was as 
long as Pair 4, was consistently subm etacentric, and Pairs 
7, 10 and 13 were also subm etacentric judging from  their 
average arm  ratios (Table 3).

In the large-egg form  collected from  the Kôtsuki River 
(Figs. 5 ,7b) and  from  Ô tsuchi (Figs. 6, 7c), the first four 
m etacentric pairs (Pairs 1 to 4) were distinctly larger. 
Pairs 6 and 10 were consistently subm etacentric o r subte­
locentric, and  Pair 13 was also subm etacentric judging 
from  its average arm  ra tio  (Tables 4, 5).
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Fig. 3. N eanthes japonica. K aryotypes o f  m ales collected from  the Y ahata R iver, H irosh im a (a), the Kôtsuki River, K agosh im a (b), and  the 
K om inato  R iver, A om ori (c). M ito tic  m etaphase  chrom osom es were ob tained  from  sperm atogonia. Scale bar: 5 pm

Discussion

C hrom osom al sex determ ination

This study is the first to docum ent heterom orphic sex 
chrom osom es in polychaetes. Sex in Neanthes japonica  
seems to be determ ined by a simple system o f  male het­
ero gam ety, i.e., m ale genotype is XY, while female geno­
type is XX. A ccording to  this system, simple outcrossing 
should produce a 1:1 sex ratio. We observed sex ratios o f 
20 females:24 males on 19 February  1988, and  o f  41 fe- 
males:43 m ales on 1 M arch 1991, by random  sam pling

o f  the small-egg form  at the peak o f  reproductive swarm ­
ing after evening high tide in the Omoi River.

M ale heterogam ety is prevalent in some groups o f 
anim als, such as nem atodes, arachnids, m ost insects and 
m am m als, where the X  chrom osom e is usually longer 
th an  the Y  (Bull 1983). In  Neanthes japonica , however, 
the Y  is longer than  the X. Sim ilar cases are know n in 
angiosperm s (flowering plants) (W estergaard 1958).

Annelids seem to have various m echanism s for sex 
determ ination . Aside from  our finding fo r Neanthes 
japonica, Dinophilus gyrocilatus (A rchiannelida) is the 
only case where the existence o f sex chrom osom es has
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Fig. 4. Neanthes japonica. K aryotypes o f  the small-egg form  collected from  the O m oi R iver, K agoshim a. M ito tic  m etaphase  chrom osom es 
o f a female (a) and  a m ale (b) were obtained from  trochophore  larvae. Scale bar: 5 pm

Table 5. Neanthes japonica. C haracteristics o fch ro m o so m es o f the 
large-egg form  collected from  a small creek in Ô tsuchi, Iw ate. Three 
well-spread m etaphase plates (two from  females and  one from  a 
male, see Fig. 6) o f  em bryos in  the trochophore  stage were used for 
m easurem ent. Average length and  range (in parentheses) are show n 
except fo r 14Y, fo r w hich a  single d a ta  is shown. A rm  ra tio  equals 
length o f long arm  divided by length o f short arm . m: m etacentric; 
sm: subm etacentric

Pa ir no. L ength  o f
chrom osom es
(pm)

A rm  ra tio  o f 
chrom osom es

C lassification 
o f  ch rom o­
somes

1 8.0 (6 .5 -9 .3 ) 1.1 (1 .0 -1 .2 ) m
2 7.0 (6 .0 -8 .6 ) 1.2 (1 .2 -1 .3 ) m
3 6.7 (5 .7 -8 .0 ) 1.2 (1 .2 -1 .2 ) m
4 6.1 (5 .0 -7 .0 ) 1.2 (1 .1 -1 .2 ) m
5 5.0 (4 .2 -6 .0 ) 1.6 (1 .5 -1 .8 ) m
6 4.7 (4 .1 -5 .6 ) 2.0 (1 .9 -2 .0 ) sm
7 4.4 (4 .0 -5 .1 ) 1.5 (1 .5 -1 .5 ) m
8 4.3 (3 .9 -5 .0 ) 1.2 (1 .1 -1 .3 ) m
9 4.1 (3 .4 -4 .7 ) 1.3 (1.1 -1 .6 ) m

10 4.1 (3 .5 -4 .7 ) 2.3 (2 .0 -2 .9 ) sm
11 3.7 (3 .3 -4 .3 ) 1.1 (1 .1 -1 .2 ) m
12 3.6 (3 .1 -4 .3 ) 1.2 (1 .0 -1 .4 ) m
13 3.0 (2 .7 -3 .3 ) 2.0 (1 .5 -2 .3 ) sm
14X 3.8 (3 .4 -4 .4 ) 1.5 (1 .5 -1 .6 ) m
14Y 4.4 1.9 sm

been considered. In  this case, it was suggested th a t male 
heterogam ety o f the X X -X O  type was included in a com ­
plex system for sex determ ination, though karyotypes of 
bo th  sexes were no t shown (M artin  and  T ráu t 1987). 
Polyfactorial sex determ ination has been indicated in the 
dorvilleid Ophryotrocha spp., the syllid Brania clavata 
and Bonellia viridis (Echiuroidea) (reviewed by Schroeder 
and H erm ans 1975, Pfannenstiel 1984). In  the syllid 
Typosyllis prolifera, which is a partially  protogynous 
herm aphrodite, sex a t the first sexual phase was deter­
m ined by hom o-heterogam ety in a  local population, 
while determ ined by polyfactorial m echanism s in two 
o ther populations (F ranke 1986). Petraitis (1985) experi­
m entally showed sex determ ination by female het­
erogam ety (i.e., males and herm aphrodites have a  geno­
type o f  ZZ, while females have ZW ) in crosses o f the 
capitellid Capitella capitata (species type I). However, 
karyological analysis o f this species (G rassle et al. 1987) 
did no t dem onstrate heterom orphic sex chrom osom es. 
N o  heterom orphic sex chrom osom e was found in karyo­
type analyses o f  sperm atocytes, oocytes o r cleaving eggs 
in the serpulid Hydroides elegans (V itturi e t al. 1984). On 
the o ther hand , Pesch and Pesch (1980) found  two types 
o f  a  certain pair o f chrom osom es (i.e., a  m onom orphic 
pair o f  the two smallest telocentric chrom osom es and a
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o f a  female (a) and  a male (b) w ere ob tained  from  em bryos o f  trochophore  stage. Scale bar: 5 pm
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Fig. 7. Neanthes japonica. Idiogram s d raw n  from  the d a ta  in Tables 
3, 4 and  5. (a) T he small-egg form  collected from  the O m oi River, 
K agoshim a, (b) T he large-egg form  collected from  the  Kôtsuki 
R iver, K agoshim a, (c) The large-egg form  collected from  Ôtsuchi, 
Iw ate. R elative length*: 100 x length  o f  chrom osom e/[to tal length 
o f the autosom es (haploid) +  lengths o f  bo th  X  and Y chromosomes]

heterom orphic pair o f the sm allest telocentric chrom o­
som e and a  larger subtelocentric one) in m ito tic  cells of 
larvae o f the nereidid Neanthes arenaceodentata. O ur re­
sults suggest th a t the chrom osom es o f  this pa ir o f N. 
arenaceodentata are sex chrom osom es sim ilar to those of 
N. japonica. Once extreme sex chrom osom e differences 
evolve, the evolution o f new sex-determ ining mechanisms 
m ay be prevented, and species descended from  a  com m on 
ancestor will share the same sex chrom osom e system 
(Bull 1983). The heterom orphic sex chrom osom es m ay be 
conserved in nereidid polychaetes.

K aryotypes o f  the two form s o f  “ Neanthes japonica”

T he small-egg form  and the large-egg form  are identified 
as Neanthes japonica  according to  the key o f  Im ajim a 
(1972), bu t differ in reproductive and developm ental 
characteristics (Sato and Tsuchiya 1987, 1991). Both 
form s had the same diploid chrom osom e num ber o f 28, 
which is com m on in nereidid species (Christensen 1980). 
K aryotypes o f  the tw o form s were considerably sim ilar to 
each other. However, slight differences between them  
were dem onstrated  in the autosom es o f  young specimens. 
The small-egg form  had autosom es characterized by 
three distinctly larger chrom osom e pairs and by four sub­
m etacentric pairs (Pairs 5, 7, 10 and  13), while the large-

egg form  had autosom es characterized by four distinctly 
larger pairs and by three subm etacentric pairs (Pairs 6 ,10 
and 13). As fo r the large-egg form  o f  the K ôtsuki deme, 
the karyotypic characteristics o f  em bryos and  juveniles 
(Fig. 5) were in accord with those o f  an  adu lt worm 
(Fig. 2c).

O ur results m ay add  evidence to show th a t the two 
form s are in fact two reproductively isolated sibling spe­
cies. Judging from  the karyotypic differences between the 
tw o form s, a fem ale and  a m ale from  the Omoi River 
(Figs. 2 a, b) were presum ed to be o f  the small-egg form, 
while a m ale from  the Y ahata R iver (Fig. 3 a) was pre­
sum ed to be o f  the large-egg form . K aryological differ­
ences involving different chrom osom e num bers have 
been dem onstrated  in such sibling species as the Ophyryo- 
trocha species g roup  (Dorvilleidae) (Âkesson 1984, 
R obotti et al. 1991), Capitella, Capitellides and  Capito­
mastus species groups (Capitellidae) (G rassle et al. 1987) 
and “ Neanthes arenaceodentata’’’ ( =  “Nereis acumi­
nata”) species group  (N ereididae) (Pesch et al. 1988, 
W einberg et al. 1990).

H owever, the karyotypic differences between the two 
form s o f “ Neanthes japonica” are slight, and  no t suffi­
ciently elucidated by simple chrom osom al m orphology. 
Identification and  num bering o f  chrom osom al pairs are 
ra ther difficult because o f  the fact th a t m any o f  the chro­
m osom es are sim ilar to one ano ther in size and  shape in 
b o th  form s and  th a t values o f arm  ratio  are variable by 
several factors (Bentzer et al. 1971). The differences be­
tween the tw o form s should be proved m ore clearly in a 
further study, e.g. by means o f banding techniques.
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