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ABSTRACT  The  male  of  the freshwater prawn  Macrobraehium  nipponense  shows  great

growth  in cheliped  length  relatiye  to body  }ength  after  maturation,  The  significance  of

the  male's  long ehe]ipeds  was  investigated in relation  to its reproductive  behayior  in cap-

tivity,  The  mating  took  place between a  mature  male  and  fernale. The  female was  guard-

ed  between  the  long chelipeds  of  the  male  throughout  pair  formatien  for several  hours,

Direct and  persistent interference  with  the  pairing male  and  fema]e  by another  mature

male  was  observed,  Moreover,  other  immature  individuals and  females approaching  the

pair were  also  observed.  The  long chelipeds  of the rnate are  regarded  as  an  effectlve

apparatus  for his reprodtLctiye  success  in the  two  aspects  : to guard the soft-shelled  fernale

immediately  after  pre-spawning  moult  from  cannlbalistic  predators, and  to guard  the female
during  mating  from  other  ma)e  rivals.  (Zooi. A4ag, 90.' 333-337,  1981)

   Macrobrachium  nipPonense  Cde Haan) is a

comparatively  large prawn  which  is widely

distributed in lakes, swamps,  estuaries,  ancl

often  in the  upper  sluggish  tlow of  large rivers

in Japan except  for Hokkaido, Their mor-

phology  and  eeo]ogy  have been  studied  by

several  authors  (Kubo, 1949, 1950; Kamita,

1970; Uno,  1971; Ohno  et  at.,  1977). The  male

possesses a pair of longer cheliped  (the second
thoracic leg) and  is larger in body  size  than

the  female. The  sexua]  dimerphism in cheliped
is not  rare  in its congeners  (Kainita, 1970;

Fujino, i972). ]'{owever, little is known  about

the  rele  of  the  male's  ]ong chelipeds  except  a

few  brlef descriptions on  Macrobrachinm  rosen-

bergii which  was  studled  in the  interest of

commercial  culture,  Ling  <l969) reported  that

the  male  of  M. rosenbergii  embraced  the female
with  his leng  chellpeds  at mating.  Rao C1965)
fllso  remarked  that  in M. rosenbergii,  attacks

on  the  soft  fema]e  lmmediately  after  pre-spawn-

ing moult  by other  females  were  prevented  by
the  male's  powerful  che]fpeds.  I ;'ntend to

clarify  the  a]lometric  relatlon  between  the333

cheliped  length and  bady  length in M,  niP-

Ponense, and  the  rele  ef the  male's  long che-

lipeds in relation  to  reproductive  behavior.

          Materials und  Methods

   The  prawn  were  co]]ected  with  nets  from

the  midd]e  and  lower course  of the Sagami

River, Kanagawa  PrefectuTe, in the summers

of l979 and  1980. Body aength CBL:from base
ef  compound  eye  to tip of telson) and  chelipedi

]ength <CL: from basipodite, i.e., second  pro-

topedite,  te tip of  dactylopedite) were  measured

i] the  ]aboratory to the nearest  O.1mm  with  a

s]ide callper  after  every  col]ection.  As  the

lengths of  the left and  right  chelipeds  usuatLy

showed  no  significant  difference, the  ]eft one

",as  measured  as  a  rule.  But  the  lenger  che･

]iped vvas  measured  in the  few  individuaLs

whose  lengthswere unbalanced.  Sex  was  iden-

tified from  the  rnale  cepulatory  organ  en  the

endepodite  of the second  p}eopod  (Kamita, 1970).

    Repreductive  behavior was  Gbserved

throughout  the  breeding  season  in 1980 by keep-

ing stiveral  palrs af  mature  prawn  tegether  in
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seyeral  g]ass aquaria  (30× 6ex30cm),  and  aLso

by keeping  ca,  180 individlla]s consisting  of

adult  and  immature  prawn  in a  large rectangle

aquarium  (2xlxO,3m> constructed  of  trans-

parent  pelyviny]-chloride. Preeise movements

ancl  patterns in reproductiye  behavior  were

observed  in the former aquaria,  and  interfering

moyements  against  the  coupled  male  and  female
by  other  individuals were  observed  in the latter
aqllarium.  Water in the aquaria  was  clrculated

and  filtered. "Jaler temperature  fiuctuated
between  20'-25ee during  the  breeding season.

The  prasvn were  mainly  fed minced  fish meat.

                 Results

   Figures  1 and  2 show  the  aL[oTnetric  rela-

tions between the  body  length CBL) ancl  the

cheliped  le]gth <CL) in 169 females and  154
males.  respectively.  They  conslsted  of aduks

and  young  after  metamorphosis,  frorn 10 te 190

JU

 9oo-

2,O

l,5

1.0

O,5

L-

MAsHtKo

      h5  2,O

log ,, BL
relation  between  female
(BL) in mm  and  cheliped

inmm.  Both  tengths are

by common  logarithms.

mm  in body  length. The  allemetric  relation  in

femaLes of  all  lengths measured  can  be repre-

sented  by a  straight  line, and  a regression

equatton,

    CL=-O.248 BLi･2GS6 (r=O.989) (1)

is given for an  al[emetric  growth  equation.

On  the other  hand, the  allometric  relation  of

the  mates  is obvlousLy  discontinuous near  the

value  1.6 of the  cemmon  logarithm  of body

length, i. e. about  40 mm  in body  [ength. This
relation  can  be represented  by  two  diifferent
regresslon  equatlons,

   cL=O.215  BLi･33i5 (r=o.g78) (2)

for males  smaller  then 40mrn in body  ]ength,

and

   CL=O,Ol19 BL!-]'i2L' (r=zO.902) C3)
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Male'sLongCheLipeds

for males  larger than  that. The  s]opes  in

regression  equations  (1) and  (2) are  qulte close

to each  ether,  whereas  the  slope  in equation  (3)
,for larger males  is significantly  steeper.  The

rapid  growth  of cheliped  length in males  beyond

40 mm  in body length  must  be related  to their

in a  Prawn 335

sexual  maturity,  because  mating  of  males  small-

er than  this body size  was  not  observed  at  all

in the aquaria.

    During  the  breeding  season,  repfpductive

behavior  was  observe'd  13 times. Several stages

of  reproductive  behavior  are  show  in Fig. 3.

Fig. 3.

                             .tlmautt'"'::ta

Reproductive behavior of  M.  

'

female  by  other  indivi'duals kept
S in the plate indicate the  paired
mating  female after  pre-spawning

and  opening  both  his long  chelipeds.

is enclosed  between  the male's  long

approaching  them.  (D) Fighting
one  cheliped  is lost. (E) The  pair

and  the slough.  (F) Scrambling
by the female  after  pre-spawning

nzPPonense,  and  interference  against  the  pairing male  and.

     together  in the aquarium,  The  symbols  F, M, and

    female, the  paired  male,  and  the  slough  left by the

     rnou]t,  respectively,  (A) Male  ch:sing  a  ripe  female

         (B) The  pairing male  and  fema]e. The  female

          chelipeds.  (C) One  pair and  other  individuals

    between the pairing male  and  another  male,  whose

     immediately  after  the  female's pre-spawning  moult.

    observed  among  three  individua]s for the  slough  left

    mougt.  They  are  eating  the slough  voraciously.
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 AA"F.  Pair formation  starts  from active  move-

 ments  of the male  on  the  bottom of the  aqua-

 rium  with  frequent fluttering of his long

 antennas  in search  of a ripe  female, The  ripe

 and  copulation-ready  female becomes  inactive

 upop  pre-spawning  mouit,  When  the  male  finds

 out  such  a fema]e, he begins  to chase  her

 slowly  with  his long chelipeds  opened  wide]y

 (Fig. 3, A).  Moreover, the  male  makes  fre-

 quent  contact  with  the  female with  his ]ong

 antennas.  Fo])owed by the  ma!e  for a  few

 minutes  in this  state,  the  female becomes  mo-

 tionless.  Then  the  pair  becomes  still in the

 fixed place  such  as  the  corner  or  behind  the

 shelter  in the  aquarium  (Fig. 3, B), Othar

 indivlduals in the  same  aquariurn  often  approa-

ched  the  pair as if te suTround  them  (Fig. 3,

C). EspeciaHy,a  few  large males  among  them

adyanced  qu{te closely  and  attempted  te inter-

fere with  the  pair with  their  long cheiipeds,

Sometimeg  vielent  mutual  nippings  with  the

chelip3d  were  observed  between  the  paired  male

and  another  approaching  one.  The  paired  male

guarded  his mating  partner from  the  intruder

by shaking  hls long che]ipeds,  andlor  abruptly

stTetching  out  his bent cheLipeds  CFig. 3, D).
The  paired male  guarded  his partner not  only

from  approaching  larger males  but also  frcm

smail  immature  individuals when  they  approa-

ched  too  closely.  The  paired female rarely

guarded  herself by shaking  her smalL  chelipeds

at  the  others.  Among  these  individuals, in-

terference  by large adult  maLes  was  especial]y

persistent, Forty-one  instances ef  interference

were  observed  in a  larger mate  with  repetitive

approach  and  retreat  due  to  the  pairing  niale's
                        -

defense during  an  observation  period  of  30

rnintes  in the  ]arge aquarium.  In TabLe  1, the

body  lengths and  sex  of  individuals approach-

ing the  pair  are  shewn,  These  indivlduals ",ere

pickecl up  randomly  wjth  a  net  fer seyeral

minutes  xvitheut  disturbing the  pair-forming  in

the  large aquarium,  They cons:,sted  cf males

and  females  of various  body  slzes  including

smali  immature  individuals. Only tbe ]argest

male  (55.0mm in body  Length) among  these

}VtASHIKO

Table L. Body length and  sex  of the individuals

        approaching  a pair (male of  64,3mm

        and  female oi  40.6mm  in BL)  ina

        large aquarium.

   No. BL<m  m)  Sex
      --  t-ttt tt                      tttt -t

!23456789 55. 042.S38.

 035.e32.729.

 523.823,

 623.
 3

Ma[eFema]eMaleFemaleMaleMaleFemaleFemateMale

individuals made  adirect  fighting affempt  with

the pairing male.

    The  paired female  begins the  pre･spawning

moult  between  her partner's long chelipeds  1

tQ 5hr after  palr formatien,  and  completes  it

within  a  few  seconds  (Fig. 3, E). Then, the

male  instantly grasps  her with  his third to

fifth pereLopcds, and  tur]s  the  female  inte the

supine  position. The  male  accomplishes  ceitus

in a few  seconds  by pressing his abdomen  to

the female's as they  faced each  other  longi-

tudinaL]y, or  a little crosswise.  Other indiyi-
duals near  the  pair scramble  fer the slough  left

by  the  mating  female, and  eat  it voraciously

(Fig. 3, F). The  sleugh  is often  eaten  by the

paired male,  preferably after  coitus.  The  male

again  guards  hts motionless  partner between
his ]ong che]ipeds  for 10sec  tG 1 hr after  coitus.

As  activity  is recovered,  the  female  leayes the

male  and  hides herself in an  appropreate  place

in the  aquarium.  Deposition and  holding of  tlte

eggs  vvere  observed  9te  12hr  after  the  mating

in four females.

                DiEcussion

   The  chemical  substance  frcm  a  ccpulation-

ready  female works  as a effective  signal  in

attracting  the mating  partner diffusively or

adhesively,  as  repcrted  in seme  prasvns  (Burke-
nroad,  1947; Kam;guchi, 1972), In :V,  niP-
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Ponense also,  searehing  for a ripe  female  im-

mediately  before  pre-spawning  mDult  rnust  be

induced mainly  by  a chernical  attractant(s)

released  by the  female. [n my  preliminary  ex-

perlment,  the  excitecl  movements  ef the  maLe,

kept with  an  immature  femate, were  observed

by introducing aquarium  water  in which  another

pair hacl just mated,  Since the chemical  at-

tractant  shouLd  be reSeased  from the  female

throughout  the  pair formatien to keep her

partner beside her, another  matuFe  male's  ap-

proach  to the  femaleas  reported  here is fairly

probable, The  attempt  at interferenee by such

a  male  was  persistent and  aggressiye,  especially

to the pairing rnale, This  interaction accom-

panied  by aggression  between  the pair}ng  male

and  intruding male  can  be regarded  as  a strug-

gle  for a mating  partner,

    However, small  immature  individua]s and

other  females approached  the  pair  too, though

persistent direct attacks  against  the  paiT

were  not  observed,  The  pairing male  aiso

guarded  his partner  from  these  indivjduals by

 shaking  his long chelipeds,  The  scrambling

 fer the  slough  and  veracious  feeding on  it by

 these  individuals suggest  that the chemical

 substances  released  from the  pairlng female

 stimu}ated  their feeding activity,  it is cen-

 ceivable  that  the  chemical  substa]ces  from  a

 copulation-ready  female  about  to begin  the pre-

 spawnipg  meult  act  as  the  mating  attractant

 for the  mature  male,  and  as  the  feeding stimu-

 lator for young  and  fernales. It is a widely

 known  fact in prawn  culture  that soft-shelled

 indiyidual$ are  apt  to be victims  of canniba]ism,

 Thus,  long chelipeds  in the  ma]e  of A4, niP-

 Ponense should  be preferred  for reproductLye

 success  in two  aspects;for  the  exc]usion  of the

 mating  rival  from  his partner,  a]d  in defense

 of  his partner  at  the  critical  time  of moulting.

 The  male's  guarding  behaviors  in M.  niPPonense

 are  nearly  same  as M,  rosenbersr'ii  reported  by

 Ling  <l969) and  Rao (1965), but these  two

 asp3cts  of  defense  were  not  discriminated by

 them.

CheXipeds   inaPrawn  337
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H. Yamagishi, of  Teikyo LJiniversity, for his
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