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A b s t r a c t

Carcinus maenas is heterochelous and shows strong evidence of handedness with crusher chelae 
being found predominantly on the right and cutters on the left side of undamaged crabs. If the 
right crusher chela is lost, the cutter on the left changes into the new crusher. This phenomenon, 
known as reverse handedness, is seen more often in males or older crabs. Studies of dae gaps 
between the propus and dactylus reinforce the data for heterochely as cutters have no (or only 
small) gaps whereas crushers, especially in males, have large and sometimes exaggerated gaps. A 
regenerated chela will grow to the same size as the one it has replaced. Further work is required 
to test whether the regenerates are as physically capable as the original chelae.

In t r o d u c t io n

C ra b  appendages are segm entally  arranged , w ith  one pair o n  each  em bryonic seg m en t (see 
C ro th e rs , .1967). T h e  m ost an te r io r  pa ir o f  th o rac ic  lim bs, th e  claws, have evolved in to  
appendages th a t are very  d iffe ren t to  th e  w alk ing  legs and are  en larged, chela te  and  used 
b o th  in  feed ing  and figh ting  (M earow  & G ov ind , 1986).

A  p rom inen t feature o f  m any shore crabs, Carcinus mamas (L.), is the  bilateral asym m etry 
due to  m orphologically dissimilar chelae (Fig. 1). C rustacea show ing this condition are term ed 
‘heterochelous’ (Einer, 1978). T h e  m ajor (crusher) chela is larger, m ore  robust, and has enlarged 
m olar-like dentition. I t  serves to  crush p rey  using its greater m echanical advantage (W arner, 
C hapm an, H aw key & W aring, 1982). T h e  cu tter is m ore  slender, has incisor-like teeth  on  its 
b iting  surface and serves to  m anipulate the  p rey  using finer and m o re  co-ordinated m ovem ents. 
H eterochely  is less m arked in fem ale shore crabs w here bo th  chelae are ‘cutter-like’.

T h e  heterochely has been related to  feeding technique. W T en feeding on  a mussel, for 
example, the shell m ust be broken open  and the  flesh then  extracted through a narrow  opening 
(Einer, 1978). However, C. m am as does n o t always posses bo th  crusher and cu tter chelae. I t  is 
relatively com m on for a crab to  be m issing one o f  its chelae (personal observation). T h ese  may 
have been cast o ff to  enable dae crab to  escape from  a predator, o r to  release itself w hen trapped 
by a displaced rock and will be regenerated  a t dae next m oult (see Crothers, 1967). T h e  
appendage is shed at a designated pre-form ed breakage plane, near the base o f the limb. 
Strangely, dais p art o f the limb is n o t the  w eakest b u t one w here dam age to  dae stum p is minimal 
and w here a double m em brane ensures tha t th e  stum p is im m ediately sealed off from  the exterior 
as soon as the lim b is lost to  prevent bleeding and infection (see C rothers, 1968; M cVean, 1972).

Sw artz (1972) looked a t 1601 specim ens o f  the  C aribbean  m u d  crab, Neopanope sayi, and 
fo und  th a t 79.9%  had  a rig h t c ru sh e r and  le ft cu tter, 12.6%  had  th e  opposite  configuration , 
3 .4%  had  tw o cu tte rs  and 4 .0%  w ere m issing  o n e  o r  b o th  chelae. H ow ever, he tero ch e ly
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does n o t always show  th e  sam e handedness. In  lobsters, Homa?-us gam m arus , th e  
d istribu tion  o f  r ig h t and  le ft handedness is equal - i.e . 50%  r ig h t : 50%  left (P rzib ram , 
1931). F u rth e rm o re , th is  ra tio  is n o t a ltered  by  reg e n e ra tio n  and a c u tte r  replaces a cutter. 
W h a te v e r th e  handedness, in  all heterochelous C rustacea , th e  asym m etry  o f  th e  chelae 
increased as th e y  grew  la rger (P rzib ram , 1931).

Studies o f the  Am erican blue crab, Callinectes sapidus, by H am ilton , N ish im oto  & H alusky 
(1976) showed tha t th e  frequency o f crabs w ith  righ t crushers and left cutters ¿decreased as the 
carapace length  increased and, conversely, the frequency o f crabs w ith left crushers and righ t 
cutters mcreased. T h is  phenom enon  (left crusher and  rig h t cutter) is know n as ‘reverse 
handedness’ (H am ilton  et al., 1976). I t  only occurs after a  crab has lost its original m aster chela. 
H am ilton  et al. found th a t all the ir crabs regenerating a rig h t chela w ere grow ing a cu tter and 
tha t the surviving cutter on  the left side had changed in to  a crusher. G ovind & B lundon (1985), 
also w orking w ith  C. sapidus, found tha t the m echanical advantage o f a new ly-converted crusher, 
although greater than th a t o f  the regenerated cutter, was less than tha t o f  the  original crusher 
due to dae re ten tion  o f the  cutter-type closer muscle.

A great deal o f  stress is p u t on  the  im portance o f th e  crusher chela in  th e  litera tu re  bu t 
few or no  crabs have tw o crushers. T h u s , th e  cu tter m u st be equally im portan t. H ete rochely  
does n o t always happen  (H am ilton  et al., 1976). S om e crabs have tw o cu tters (especially 
females and very  large males). P rz ib ram  (1931) found th a t the  carapace w id th  o f  crabs w ith 
tw o cu tters was significantly (p<0.01) greater th an  th a t o f  crabs w ith  d im orph ic  chelae. H e  
suggested th a t a large c u tte r  could produce enough force for m ost crush ing  tasks and so there 
w ould be no  benefit in  these crabs expending additional energy in  grow ing  a crusher.

N obody  has dem onstrated differences in  th e  food preferences o f  m ale and female crabs, so 
the form  o f  m ale chelae m ay be influenced m ore by m ating  than feeding behaviour. T h is  implies 
tha t a crusher is m ainly used for in tim idatory purposes. T h e  male w ith the  w ider chela-span is 
superior (Berrill & A rsenault, 1982). C helae are often lost by males during  fighting, especially 
in  die m ating season w hich occurs from  Ju ly  to  S eptem ber in  M ilford H aven -  i t  varies between 
locations (C rothers, 1967). I t  has been suggested tha t females are less aggressive, do n o t have to 
com pete for m ates and so have less need for a crusher.

T h e  aim s o f  th e  p re se n t w o rk  w ere:
(1) To investigate h e te ro ch e ly  in  Carcinus maenas to  establish  w h e th e r th e  c ru sh e r chela 

predom inately  lay on  the  left o r r ig h t side o f  the crab -  o r w hether th e re  was no  preference.
(2) To com pare  reg e n era te d  chelae w ith  the  ones th a t they  had replaced.

M aterials a n d  M e t h o d s

O ne hundred and tw enty  four male, and one hundred  and nine female, C. maenas w ere collected 
from  low in tertidal rocky shores and shallow subtidal habitats o f the M ilford  H aven  region of 
Pem brokeshire, S outh  W ales, betw een April and Ju ly  1995 in  two locations -  F reshw ater W est 
Bay and the  Jolly  Sailor P ie r a t B urton  in  M ilford  H aven. M ost were collected a t the  Jo lly  Sailor 
P ier using a d rop -ne t baited  w ith  bacon bits. T h e  crabs w ere removed from  th e  n e t carefully to 
avoid any loss o f  limbs in  the  process and placed in  buckets o f  sea w ater to  await m easurem ent.

M easu rem en ts 1-5 (below ) o f  body  and lim bs w ere  m ade to  th e  n ea res t 0.5 m m  w ith 
V ernier callipers (see F ig. 1)
(1) Carapace length , determ ined  as the  distance betw een the  two m ost la teral carapace spines.
(2) C arapace w id th , d e te rm in e d  as th e  d istance betw een  th e  edge o f  th e  carapace m idw ay 

betw een  th e  eyes to  th e  firs t abdom inal segm ent.
(3) L en g th  o f  leg  3; th e  d istance from  th e  coxopodite  to  th e  tip  o f th e  s tra ig h ten ed  lim b.
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FIG. 1. Carcinus maenas, showing the dimensions measured and the asymmetry of chelae in a male. 
N ote the difference in tooth size between the chelae. T h e  gap is measured at its widest point when 
the chela is in the closed state. Drawings by Marilyn Crothers from Crothers & Crothers (1983) and 
Crothers (1967).

(4) L en g th  o f le ft and r ig h t chelae, d e te rm in e d  as th e  d istance from  the  ca rpus-p ropus jo in t 
to  th e  tip  o f  the  p ropus a lo n g  th e  ven tra l surface.

(5) W id th  o f  th e  left and r ig h t chelae, de te rm in ed  as th e  w idest d istance betw een  th e  to p  
and  b o tto m  o f  the  propus.
D esignating  a chela as ‘crusher’ o r ‘cu tte r’ m ig h t be a subjective assessment. T o obra in an 

objective m easurem ent of chela type, the  gap betw een the  propus and dacty lus o f each chela 
(determ ined as the  w idest gap rem aining w hen the  pincers were closed) was m easured, to  the 
nearest 0.1 m m , using a feeler gauge. H ow ever, as chela gaps could n o t be m easured to  a greater 
accuracy than  0.1 m m , all chelae w ith  n o  apparen t gap w'ere recorded as h a rin g  a gap o f  0.01 m m . 
A  chela was described as a crusher if  it  had a gap o f  m ore  than  0.1 m m . C rushers have large gaps 
to  ho ld  d ie  prey w hereas the cutters have no  or very’ small gaps (Przibram , 1931).

T h e  crabs w ere sexed fo llow ing  u sing  th e  follow ing characters (C ro thers , 1967):
(a) shape o f  th e  abdom en; p o in te d  in  m ales and ro u n d ed  in females.
(b) ap p a ren t n u m b e r o f  segm ents o n  th e  abdom en; m ales have 5, fem ales have 7.
(c) p resence o f  setae; th e  adu lt fem ale has setae a ro u n d  th e  edge o f  th e  abdom en . T h e  

m ale has n o  such setae.
A fter m easurem ent, th e  crabs w ere  m arked  befo re  being  released to  avoid tire sam e crab 

b e in g  m easured  twice.
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Results

T h e  data p resen ted  in  the  Tables show  a ver}' sign ifican t tren d  fo r handedness in  Carcinus 
mamas. Typically, th e  crabs show ed a c ru sher on  th e ir  r ig h t side  and  a c u tte r  on  the ir left, 
a lthough  32 o u t o f  the  211 specim ens w ith  b o th  chelae in ta c t show ed  no  apparen t 
handedness and  22 o th e rs  had  one o r b o th  chelae m issing.

Figs 4 -7  display th e  data on  th e  gaps betw een  th e  p ro p u s and  dactylus (see Fig. 1).

T able 1. The degree o f handedness in Pembrokeshire C arcinus m aenas

Serial Crab description N um ber %

1 Total number of crabs 233
2 W ith missing chela(e) 22
3 Crabs in test 211
4 W ith right crusher 156 74
5 W ith left crusher 23 11
6 N o apparent handedness 32 15
n/ Expected value for (6) 105.5 50

A chi-squared test for right handedness gave
X2 =24.17 with one degree of freedom; p<0.0001 - t(cr¡t) = 15.14.

T able 2. Handedness infernale C. maenas.

Serial Female crab description Num ber

1 N um ber of female crabs 109
2 N um ber with no apparent crusher 15
3 Num ber with right crusher 76
4 Num ber with left crusher 9
5 Num ber with missing chelae 9

A chi-squared test for right handedness ga\e
X2 =13.52 with one degree of freedom; pcO.OOl - t(crit) = 10.83.

T able 3. The percentage o f males and females showing reverse handedness.

Serial Crab description males 
n %

females 
n %

1 Crabs in sample 124 109
2 Crabs showing reverse handedness 14 11.3 9 8.25
3 Crabs missing chela(e) 13 10.5 9 8.25
4 Total crabs showing variation from ‘normal’ 27 21.8 18 16.5
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FlG. 2 Male Carcinus maenas, showing the triangular abdomen without a fringe of setae. On the left 
(the crab’s right) is a crusher chela and on the right (the crab’s left), a cutter chela. Photograph by Dr 
FI. C. Bennet-Clark

FlG. 3 Female Carcinus maenas showing the rounded abdomen fringed by setae and the two cutter- 
type chelae. Photograph by D r H . C. Bennet-Clark
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An \lysis o f  t h e  D ata i n  F ig s 4 -8

Handedness
I f  C. maenas really  is p redom inate ly  rig h t handed , th e re  shou ld  be a sign ifican t difference 
b etw een  th e  gaps o f chelae depend ing  on  w hich  side  o f  the  crab  they  lie -  crushers have 
large gaps to  ho ld  the  p rey  w hereas th e  cu tters have v e ry  sm all o r  n o  gaps (P rzib ram , 1931).

M a n y  le ft chelae had  little  o r no  gap betw een  th e  p ro p u s  an d  dactylus (m any datapoints 
lie a long  y  = 0.1 and y  = 0.01) and w ere, by defin ition , cu tte rs  (Figs 4  and 5). O th ers , found 
m ain ly  o n  la rg e r crabs, had  large gaps w hich  in d ic a ted  th a t th e  chela was chang ing  in to  a 
c ru sher (presum ably  as a resu lt o f r ig h t chela reg e n era tio n ) o r  because o f  dam age to  the 
la rger te e th . T h e  sp read  o f th e  data shows th a t th e  m o rp h o lo g y  o f  the  le ft chela is very  
flexible. N o te  too  th a t varia tion  in  le ft chelae in c reased  w ith  carapace leng th  and, therefore, 
age. A n o ld er crab is m o re  likely to  have had  its chela(e) dam aged  and  so the  le ft chela will 
show  m o re  varia tion  to  com pensate fo r loss o f r ig h t che lae  (B errill, 1982).

T h e re  a re  ver}’ few r ig h t chelae w ith  n o  gaps (F igs 6 and  7). T h e  size o f  these  gaps 
increased  w ith  increased carapace leng th , giv ing reg ress io n  lines o f  steeper g rad ien t. In  
general, th e  gap increased from  u n d er 1 m m  in crabs w ith  a carapace le n g th  u n d e r 40 m m  
to  over 5 m m  in  individuals only  tw ice as big. T h e  crabs w ith  n o  gap  on  the  r ig h t chelae 
m ay have been  re-g ro w in g  a chela in  the  c u tte r  fo rm , having  lost a c ru sher in  th e  past. 
T h e re  a re  very  few such  crabs w ith  cu tter-like  r ig h t chelae.

Differences between the sexes:
H ete ro ch e ly  is m ost p ro n o u n ced  in  m ales. T h e  la rg e s t gap in  a fem ale chela was only  2.1 
m m  com pared  to  a m ale’s 5.1 m m . I t  seem s th a t a sign ifican t n u m b e r o f  fem ales do n o t have 
a gap in  e ith e r  o f  th e ir  chelae. B u t a ch i-squared  te s t o n  the  fem ale data (Table 2) showed 
th a t cru shers w ere  still ev iden t in  females.

Regenerated chelae.
Przibram  (1931) stated th a t ‘it  is the claw tha t is n o t lo s t th a t always develops in to  the  crusher’. 
T h is  is one o f  the assum ptions o f this analysis, th e  o th e r  being  th a t handedness m ust be in 
evidence. T h e  aim  was to  com pare the size o f the  lost chela w ith th a t o f the  new  chela (i.e. 
w hen a r ig h t crusher is lost, how  did it com pare w ith  th e  converted left chela th a t replaced it). 

T h e re  a re  tw o possible m ethods fo r investiga ting  this:
(1) F ro m  th e  p lo t o f  chela len g th /w id th  against carapace len g th  (Figs 8A and 8B). T h e  

d raw back  is th a t this assum es th a t th e  particu la r c rab  follow ed th e  co rre la tio n  b u t if  the 
value o f  R 2 is h ig h  th e n  th is  is a reasonable assum ption .

(2) L o o k in g  a t the  size o f  th e  converted  left chela. H ow ever, i t  is n o t  clear i f  i t  has finished 
grow ing.
T h e  analysis used m ale crabs as they  show  m o re  ev idence o f d im orph ism  in  th e ir  chelae 

(G ovind, 1985) and w ere  expected to  show  an inc reased  frequency  o f  reversed handedness 
(Table 3). H ow ever, th e  data did n o t allow  m e to  re je c t th e  nu ll hypothesis a t th e  5%  level. 
A  2 X 2 con tingency  tab le  gave.

=0.720 w ith  one degree o f  freedom ; p>0.05 - t<cr¡c) = 3.84.
In  Fig. 8A, for right-handed male crabs, the regression lines fit the data well, giving high 

values o f  R 2. Fig. 8B, w hich is d ie m ore interesting in  term s o f regeneration capability, shows the 
same regression lines w ith  data for left-handed male crabs superimposed. A lthough there are only 
16 left-handed crabs, it  is quite clear tha t their left chelae had developed in to  the  form  o f the 
original rig h t chelae. T h e  points for right chelae are m ore variable due to  the various stages o f 
regeneration. Flowever, in  older crabs, it appears tha t com plete role reversal o f the  chelae has 
been undertaken. It seems tha t reverse handedness is m ore  likely to  be seen in  larger crabs as no t 
only have they  have lived longer and are m ore likely to have lost a righ t chelae bu t also that the 
new  chela is m ore  likely' to  have finished growing (i.e. fully differentiated reverse handedness).
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FlG. 5. T h e  relationship between left chela gap and carapace length in male Carcinus maenas, plotted 
on logarithmic scales. R2 for chelae > 0.1mm = 0.248. Chela gaps could not be measured to an 
accuracy greater than 0.1 mm, hence the cluster o f points along the line y = 0.1. All chelae with no 
apparent gap were given a gap of 0.01 mm, hence the cluster along y = 0.01 mm.
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FlG. 7. T h e  relationship between right chela gap and carapace length in male Carcinus maenas, plotted 
on logarithmic scales. R2 for chelae > 0.1mm = 0.502. Chela gaps could not be measured to an 
accuracy greater than 0.1 mm, hence the cluster of points along the line y = 0.1. All chelae with no 
apparent gap were given a gap of 0.01 mm, hence the cluster along y = 0.01 mm.
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T h e  aim  was to  see if  the  c ru sh e r chela fo rm ing  o n  the  le ft h a n d  side was as la rge as the  
o n e  it  has replaced. F rom  Fig. 8B, i t  seem s th a t th e  reg e n era te d  che la  does g row  to  a sim ilar 
size as the  datapoin ts from  r ig h t and  left sides fu lly  reverse  b u t follow  th e  original 
reg ression  lines. But, do  they  have th e  sam e m uscu la r capacity?

D isc u ssio n

T h e  analysis o f  these data suggests th a t the  shore  crab, C. maenas, does show chela dim orphism  
(heterochely) in  bo th  males and females - as do m any o th e r  species o f  C rustacea (Przibram , 
1931, G ovind et al., 1978, A ttrill et a l, 1991). M oreover, C. maenas shows righ t handedness.

P rz ib ram  (1931) h in ted  a t th e  possib ility  o f handedness in  m an y  species o f  C rustacea 
a lth o u g h  no  quan tita tive analysis v  as p roduced . Y am aguchi (1977) stud ied  h e teroche ly  in  
fidd ler crabs (Uca lactea) and found th a t the  m ales show ed  exaggerated  d im o rp h ism  o f the  
chelae (th e  large chela develops rap id ly  a t sexual m atu ra tio n ) w hereas th e  fem ales have tw o 
sm all, equally-sized chelae. H ow ever, U. lactea show ed no  specific handedness - w h ich  side 
bore  th e  c ru sher occurred  by  chance o r was d e te rm in e d  by the  loss o f  th e  o th e r  chela. O ne 
pu rpose o f th is  paper was to  ob ta in  evidence fo r handedness in  C. maenas.

T h e  analysis o f the data in  Table 1 show ed a h igh degree o f right-handedness o f  th e  crusher 
chela. T h e  dim orphism  was g reater in  m ales than  in  females, presum ably because chelae are the 
primar}' im plem ents used in  aggressive display and conflict (Berrill & A rsenault 1982) and this 
is a m ajor activity o f  males. Selection should favour m ales w ith larger chelae. B ut th e  present 
evidence suggests that the cu tter ma}' be the m ore im portan t because there are no  occurrences 
o f  a crab w idi tw o crushers y e t d ie re  w ere several m em bers o f the sam ple w ith tw o cutters.

H am ilton  et al (1976) found the  incidence o f  crabs w ith  tw o cutters was g rea ter in  larger 
crabs w here th e  cu tter was able to  p roduce enough  force for m ost crush ing  tasks, d iu s m aking 
dim orphism  unnecessary. T h e  p resen t data do n o t support this hypothesis, p robably  because 
C. maenas does n o t grow  to a size large enough to  have cu tters capable of producing  sufficiently 
h igh  forces. It w ould be in teresting  to  study how  th e  crab reacts if the  cu tter is rem oved.

H an d ed n ess  was also investigated  by  s tudy ing  th e  gaps betw een  th e  p ro p u s and 
dactylus o f  th e  chelae. G u ch ard i & G ovind  (1989) sta ted  th a t th e  chelae o f  C. maenas w ere 
largely  iden tical in  external m o rp h o lo g y  and function  and only  differed in  size. H ow ever, 
the  p re se n t data shows th a t th e  gaps o f  le ft and  r ig h t chelae differed g rea tly  V aria tion  in 
th e  size and  presence o f  gaps can  b e  explained if  reg en era tio n  leads to  reverse handedness.

W h e re  reverse handedness occurs, the  chelae appear to  be sim ilar in  size to  norm ally- 
handed  chelae suggesting th a t the  regenerated  chelae grow  to  the  same size as the  original 
chela. G ovind (1985) found th a t the  crusher chelae o f  blue crabs w ith reverse handedness were 
n o t able to  exert greater forces than  the  cutters. W h e n  he com pared sim ilarly sized rig h t and 
left crushers from  tw o different crabs, left crushers w ere w eaker and had a sm aller m echanical 
advantage. G ovind concluded th a t th e  m uscle o f  th e  regenerated  chela is n o t crusher muscle 
(i.e. th e  m uscle had rem ained cu tter muscle). I t  w ould be in teresting  to  com pare th e  muscle 
anatom y o f  norm ally-handed chelae w ith  those show ing reverse handedness.

H a rtn o ll (1982) sta ted  th a t h e te ro ch e ly  was co m m o n  am ong the  C rustacea b u t tha t 
d istinct handedness was com paratively  u n co m m o n , w ith  m o st crab species b e in g  equally 
likely to  have th e  left o r r ig h t chela as th e  crusher. C. maenas seem s, the re fo re , to  be unusual 
w ith  its very  sign ifican t tren d  fo r hav ing  th e  c ru sh e r o n  the  right.

Ac k n o w l e d g e m e n t

I  am  in d eb ted  to  D r  H . C. B e n n e t-C la rk  o f  th is d ep a rtm en t fo r p rov id ing  th e  pho tog raphs 
rep roduced  as Figs 1 and 2 as w ell as ideas and  constructive criticism  th ro u g h o u t the 
p rep a ra tio n  o f  this m aterial.
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