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I n t r o d u c t i o n

T h e  S hore  G rab , Carcinus maenas (L .), is one of the  best know n o f a ll in te rtid a l 
anim als, being  com m on, rela tively  large , an d  easily found. T h e  read iness w ith  
w hich it is iden tified , sexed, m easured , an d  m ark ed  suggests its su itab ility  for 
field study.

T h e  mass o f pub lished  w ork ab o u t this an im al is split betw een  specialized 
physiological studies on  th e  one h a n d  a n d  th e  often  superficial sta tem en ts in  
p o p u la r  accoun ts o f th e  shore on the  o ther. T h is p a p e r  aim s a t  th e  m idd le  
position  an d  review s th e  lite ra tu re  in  the  ligh t o f c u rre n t w ork  a t D a le  F o rt w ith  
a  view  to  suggesting w here  fu rth e r research  m ig h t be p articu la rly  rew ard ing .

T h e  first p a r t  o f th e  p a p e r  (G rothers, 1967) review ed the  an a to m y , grow th , 
an d  life h isto ry  o f this c rab , a n d  this second p a r t, describ ing  the  life o f ad u lt 
crabs, w ill co n tin u a lly  refer to the backg round  established there . A fter a 
consideration  o f field techniques th e  life of the  c ra b  w ill be described  u n d er 
th ree  h ead in g s: d is trib u tio n  in  space an d  tim e; rela tions w ith  o th e r  species; an d  
survival on  th e  shore.

F i e l d  t e c h n i q u e s

T h e  field d a ta  p resen ted  in  this p a p e r  w ere ob ta in ed  d u rin g  1963-1966 
w hilst th e  a u th o r  w as A ssistant W ard en  a t  D ale  F o rt F ield  C en tre , s itu a ted  a t 
the  sou th -w estern  tip  o f W ales (M ap  1). R ecen t descriptions of the  physical 
features o f th e  a re a  a ro u n d  the  C en tre  a n d  o f its fau n a  an d  fiora h av e  been 
pub lished  (for exam ple : M oyse a n d  N elson-Sm ith , 1963; N elson-Sm ith , 1965,
1967; G ro thers, 1966; Jo n e s  an d  W illiam s, 1966) an d  fu rth e r  descrip tion  here 
w ould  b e  superfluous.

I t  is a p p ro p ria te , before exam in ing  the  results o f this w ork, to  consider th e  field 
techniques used  to  ac q u ire  th e  data .

C. maenas c a n  be collected  by  h a n d  on  the  shore a t  low  tide  b u t to  sam ple 
u n d e r w a te r  a n  a q u a lu n g  o r som e type of n e t o r trap  is requ ired . C rabs can  be 
d red g ed  a n d  traw led , b u t these m ethods lack  precision a n d  c a n n o t b e  used in  
rocky  areas. T h e y  a re  occasionally  taken  on  lines a n d  even, exceptionally , in  
p la n k to n  nets b u t  m ost investigators have used ba ited  traps. C learly  th e  designs 
em ployed  h av e  v arie d  b u t the  L eakey  “ U niversa l”  tra p , fitted  w ith  \  inch  
m esh cou rlene n e ttin g  (Fig. 1), has p roved  very  successful a t  D ale . T h e  in-

* Present address: T h e  Leonard Wills Field Centre, Nettlecombe C ourt, near W illiton,
Somerset.
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580 J .  H . G r o t h e r s

genious m e th o d  of re ta in ing  the ca tch  w ith in  the  tra p  ca n n o t seriously restric t 
th e  e n try  o f active crabs for on several occasions catches o f m ore  th a n  60 crabs 
in  single traps w ere o b ta in ed ; an d  once 300 w ere taken .

A lm ost any  an im al rem ains will serve as b a i t  to a t tra c t crabs— ro ttin g  
Conger a n d  dead  chicken proving  th e  m ost spec tacu la r— the  m a jo r prob lem  
b eing  to  keep the b a it uniform ly a ttrac tiv e .

B aited  trap p in g  presents its ow n d isadvan tages as a  sam pling  m ethod , for 
only  th e  active, hungry  crabs a re  c a u g h t an d  the n u m b ers  taken  can  be expected 
to  v a ry  inversely w ith  the  n a tu ra lly  ava ilab le  food supply. C rabs do no t 
no rm ally  feed d u rin g  th e  period  o f the  m o u lt (say D 2  to  B2 in  the  no ta tio n  used 
by  G ro thers, 1967) an d  so are  unlikely  to  b e  taken  in  trap s  a t  th is tim e. D 2 to B2 
occupies som e 18-20 p e r  cen t o f the  m o u lt cycle so this m eans th a t ind iv idual 
crabs a re  only trap p ab le  for 80 p er c e n t o f the  tim e  an d , as the re  is no fixed 
m o u ltin g  season for C. maenas (G rothers, 1967), m a y  m e an  th a t only  80 p er cen t

F i g .  i .
T h e  Leakey “ Universal” T rap  (m anufactured by R . and B. Leakey, Settle, Yorkshire).

o f th e  to ta l po p u la tio n  can  be ca u g h t a t  any  one tim e. F u rth e rm o re , paired  
crabs (in -copu la  or p re-copu la ), parasitized , a n d  b erried  crabs a re  unlikely to 
e n te r trap s  as read ily  as “ n o rm al”  ind iv iduals on acco u n t o f th e ir  reduced  
m obility . O ccasionally  som e o f these a re  caugh t, b u t m ost m ust rem ain  
u nsam pled .

M a n y  q u an tita tiv e  techniques re q u ire  the  m ark ing , release, a n d  rec ap tu re  of 
ind iv iduals . T h e  m arks m ust p e rm it re p e a te d  recognition  in  th e  field b u t m ust 
n o t re n d e r  th e  c rab  m ore conspicuous (e ither to  w ould-be p red a to rs  o r to  the 
collector) n o r a lte r  its w ay  o f life. T h e  conventional m ethods o f m ark ing  
arth ro p o d s  b y  p a in tin g  the  surface (in  a n y  case usually  unsuccessful unless the
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582 J .  H . C r o t h e r s

a n im a l’s surface is d ry  a t  th e  tim e o f app lica tion ) o r a ttac h in g  tags to the  legs 
a re  unsatisfactory  in  th a t th e  m a rk  is lost w h en  the  c rab  m oults. T h e  sam e 
d isadvan tage  a ttends E dw ards’ (1958) tech n iq u e— used for th e  D a le  w ork— of 
c lipp ing  the  an tero -la te ra l tee th  on  th e  ca rap ace . C lea rly  long -te rm  experim ents 
a re  im possible w ith  an y  of these m ethods, b u t  by  co n cen tra tin g  on  ad u lt crabs 
— w hich  m o u lt m u ch  less frequen tly  th a n  juven iles (C ro thers, 1967)— a n d  
lim iting  th e  experim ent to  a  few days, i t  is hoped  th a t  few errors w ere incu rred .

A  far b e tte r techn ique was described  b y  E d w ard s ( 1965) fo r Cancer pagurus in  
w h ich  a  n u m b ered  tag  is in serted  in to  th e  p leu ra l groove in  such  a  w ay  th a t i t  is 
re ta in ed  a t th e  m oult. As far as I  a m  aw are  this tech n iq u e  has y e t to  b e  m odified 
to su it C. maenas, b u t w hen  i t  is i t  shou ld  open  u p  m a n y  fields o f long-term  
investigation.

c~

■ C om m on: m o re  th a n  15 c r a b s  caugh t 
a  O c c a s io n a l: b e tw e en  5 an d  15 c r a b s  c a u g h t 
A R a re :  l e s s  th a n  5 c r a b s  caught 
o  t r a p  fa ile d  to  c a tc h  an y  C .  m ae n as

H igh  W a te r  M ark
C h a r t  D a tum  (e x tre m e  low  w a te r  m ark ) 
3 fa th o m  lin e  
6 fa th o m  lin e

M a p  2 .
Distribution of C. maenas in Dale Roads, Ju ly  to September, 1964-1966. E ach symbol represents 

the result of a t  least one trap-night.
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D i s t r i b u t i o n  i n  s p a c e  a n d  t i m e  

Geographical

C. maenas is a  E u ro p e an  A tlan tic  species rec o rd e d  from  M orocco to  the 
N o rth  G ape, th e  Faeroes, an d  sou thern  Ice lan d  (B ouvier, 1940; Broekhuysen, 
1936). T h e  a llied  C. mediterraneus C zerniavsky, recen tly  sep ara ted  from  C. maenas 
on  several g rounds (see D em eusey, 1958; H o lthu is a n d  G ottlieb , 1958; N ay lo r, 
1961, 1965) is found  th ro u g h o u t th e  M e d ite rran e an  a n d  extends th ro u g h  the  
Suez C anai to  re a c h  the  R e d  Sea (H olthu is an d  G ottlieb , 1958).

C. maenas is also p resen t a long  th e  east coast o f A m erica  from  N ova S co tia  to  
V irg in ia  (H o lthu is a n d  G ottlieb , 1958), p ro b ab ly  as a  resu lt o f in troduc tions. 
Carcinus (species un d eterm in ed ) has in  ad d itio n  b een  reco rded  from  : th e  Bay of 
P a n a m a  (R a th b u n , 1930); W illa p a  Bay, W ash in g to n  (R icketts an d  C alv in , 
1962); P ern am b u co , B razil (R a th b u n , 1930); A u stra lia  (M cN eil, 1953); 
H aw a ii (R a th b u n , 1930); a n d  C eylon (H olthu is a n d  G ottlieb , 1958).

T ab le  1. Analysis o f  female C. m aenas trapped in Dale Roads, Ju ly  to September 
1964-1966. T h e  figures in  brackets in d ica te  th e  (add itional) n u m b e r of crabs 

visibly in fected  by  Sacculina carcini.

Size D epth taken

on the shore 0-3 fm. 3-6  fm. below 6 fm.

70 0 (0) 3 (0) 0 (0) 0 (0)
60 31 (0) 150 (2) 13 (0) 0 (0)
5° 256 (0) 408 (15) 48 (1) 0 (0)
40 218 (4) 182 (24) 15 (2) i (0)
30 201 (2) 12 (10) i (0) 0 (0}
20 74 (0) 2 (1) 0 (0) 0 (1)

T otal 780 (6) 757 (52) 77 (3) i 00
Add—for un­

m easured crabs (2) 43 ( 0

T otal 780 (8) 800 (52) 77 (4) i (O

Size Groupings : carapace b read th  was m easured in millimetres, and  individuals grouped into 
tens. Thus size 20 includes crabs w ith  carapace breadth  between 15.0 m m . and 24.9 m m .; size 
30 all those between 25 .0  m m . an d  3 4 .9  m m ., etc.

Local distribution in summer

S hore crabs a re  n o t confined to  th e  shore. E dw ards (1958) d ed u ced  an d  
N ay lo r (1962) d em o n stra ted  th a t  m an y  o f the  la rge crabs m ove u p  a n d  dow n 
the  shore w ith  the  tide. B u t all ind iv iduals do  n o t take p a r t  in  this “ m ig ra tio n ” 
a n d  each  d a y  th e  c ra b  p o p u la tio n  w ill b e  d iv ided  betw een  the  th ree  sections 
th a t  I  shall ca ll “ A ” , “ B” a n d  “ C ” . Ind iv idua ls  a re  ab le to  m ove freely betw een, 
th e  sections b u t  som e crabs m u st spend days, weeks, o r even years in  the  same, 
one.
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T a b le  2. Analysis o f male C. m aenas trapped in Dale Roads, Ju ly  to September 
1964-1966. T h e  figures in  brackets in d ic a te  th e  (add itiona l) n u m b e r  o f crabs 

visibly infected  b y  Sacculina carcini.

Size D epth taken

on the shore 0-3 fm. 3-6 fm. below 6 fm.

70 4 (0) 8 (0 ) 0 (0) 0 (0)
60 22 (0) 59 (0) 2 (1) 0 (0)
50 " 3  ( 0 71 (11) 3 ( 0 0 (0)
40 138 (2) 26 (11) i (2) 0 (1)
30 105 (0) 4 (8) 0 (9) 0 (1 )
20 84 (0) 0 (1) 0 (0) 0 (0)

T otal 466 (3) 168 (33) 6 (r3) 0 (2)
A dd—for u n ­

m easured crabs (0 5 (3)

T otal 466 (4) 173 (36) 6 (13) 0 (2)

Size groupings as in T able 1.

T a b le  3. Analysis o f all C. m aenas trapped in Dale Roads, Ju ly  to September 1964- 
1966. T h e  figures in  brackets in d ica te  th e  (add itional) n u m b e r of crabs visibly

infected  b y  Sacculina carcini.

Size D epth  taken

on the shore 0-3  fm . 3 -6  fm. below 6 fm.

70 4 (0) l í  (0) 0 (0) 0 (0)
60 53 (0) 209 (4) 15 ( 0 0 (0)
50 369 ( 0 479 (26) 5 i (2) 0 (0)
40 356 (6) 208 (35) 16 (4) i (i)
30 306 (2) 16 (18) i (9) 0 (1)
20 158 (0) 2 (2) 0 (0) 0 (1)

T otal 1,246 (9) 925 (85) 83 (16) i (3)
A dd—for un ­

m easured crabs (3) 48 (3) (1)
—for

unsexed crabs 482

1,728 (12) 973 (88) 83 (17) i (3)
G rand  total 1,740 1,061 100 4

Size groupings as in  T ab le  1.

S ection  A  crabs spend low  tide  h id d e n  u n d e r  cover o n  th e  shore, em erging 
to  search  for food as th e  tide  covers them  a n d  h id in g  aga in  before th e  ebb.
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Section B crabs spend  low  tide  b en ea th  th e  tidem arks b u t feed o n  th e  shore 
a t  h igh  tid e ; com ing u p  th e  shore w ith  the  flood a n d  m oving  b ack  on the 
ebb.

Section G crabs spend  all 24 hours b en ea th  the  tidem arks.
T h u s  all crabs fo und  on  th e  shore a t  low  tide  belong  to section A ; those trap p e d  
on  th e  shore a t  h ig h  tid e  belong to  section A  or B ; an d  those tra p p e d  b en ea th  
the  tidem arks to  section  B or C.

Section A crabs
F irst-year crabs (u p  to  34 m m . ca rap ace  b re a d th , i.e. u p  to  size 30 in  T ab le  1) 

fo rm  a  large p ro p o rtio n  o f section A. M an y  ( ?m ost) o f them  spend  all the ir 
tim e o n  the shore. C rab s o f  this size have been  ta k en  in  trap s  a t D ale— alth o u g h  
m any  size 20 m u st escape— a n d  T ab les 1-3 show th a t  w hilst m a n y  w ere taken  
on  th e  shore few w ere cau g h t sub-litto ra lly  an d  m ost o f those w ere  p arasitized  
by  Sacculina carcini a n d  m ust therefore have been  a t least one y ea r  old (see 
p. 601).

WATCH
HOUSE
POINT

CLIFF
COTTAGES

BEACH
DALE

ROADSDALE
VILLAGE

DALE POINT

DALE PENINSULA

SH O R E  NOT 
EX A M IN ED  

B U T  A P P A R E N T L Y  
U N SU ITA B LE

ST, ANN’S HEAD

M a p  3 .
Distribution o f young (up  to 25 m m . carapace breadth) C. maenas on the shore a t low tide around 

the Dale peninsula. August 1965-1966.
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T h e  y ou n g  crabs m a y  b e  found a t low  tid e  in  sum m er on  m a n y  shores a round  
the  D a le  pen insu la (M ap  3), usually  u n d e r  stones covered w ith  g reen  algae 
w here local shelter allows shingle to  ac cu m u la te— alth o u g h  th e  cover o f fucoids 
or m ussel byssi is equally  su itab le  w hen  availab le . O n  m a n y  of these shores it is 
only th e  y oung  crabs th a t a re  found a t  low  tide , a n d , w h ilst in d iv id u a l C. maenas 
m ay  occasionally  a p p e a r on  alm ost a n y  shore, the  ad u lts  a re  usually  confined

R. GANN

WATCH
HOUSE
POINT

CLIFF 
COTTAGES 

e  EACH

DALE
ROADSDALE

VILLAGE

DALE POINT

DALE PENINSULA

SH O R E  N O T 
EX A M IN ED  

B U T  A P P A R E N T L Y  
U N S U IT A B L E

ST. ANN'S HEAD

M a p  4 .
Distribution o f m edium  sized (25-50 m m . carapace breadth) C. maenas on the shore a t low tide 

around the Dale peninsula. August 1965-1966.

(a t low  tide ) to those shores (M aps 4  a n d  5) w hich  b e a r  a  good cover o f fucoids 
or a n  a b u n d a n c e  of la rg e  stones a n d  bou lders to  p rov ide shelter. T h e  co rre la tion  
be tw een  th e  d is trib u tio n  p a tte rn  o f y o u n g  ad u lt C. maenas (M ap  4) an d  th a t o f 
th e  egg w rack , Ascophyllum nodosum, in  Jo n e s  an d  W illiam s (1966), should  n o t 
pass unno ticed .

W h e re  adu lts  do  occur on  th e  shore a t  low  tide  they  m a y  b e  p resen t in  
considerab le  num bers. A  short m ark -re lease -recap tu re  ex p erim en t on a 
100 yd . s tre tch  o f one such shore (C liff C ottages, D ale : F ig. 2) in  O c to b e r ,1963, 
suggested da ily  to tals o f betw een  1,700 a n d  4,500 crabs (ca lcu la ted  b y  F isher’s 
an d  F o rd ’s (1947) m e th o d  afte r P a r r  (1965)). G askell a n d  P a rr  (1966) esti­
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m a ted  th e  to ta l p o p u la tio n  on  the  w hole o f th is  shore (5 0 0 x 7 0  yards) in  
S ep tem ber 1966, a t  250,000 w ith  considerable d a ily  fluctuations.

E dw ards (1958) described a  m ark -re lease -recap tu re  experim en t on  section  A  
ad u lts  found in  th re e  sm all iso lated  rocky areas o n  a n  otherw ise sandy /m uddy  
shore in  S o u th am p to n  W a te r. H is results show  a  p rep o n d e ran ce  o f  m ales 
(67 p e r  cent) a n d  a  h igh  re c a p tu re  ra te  suggesting  th a t m a n y  crabs re tu rn  to  
the  sam e a re a  o f  rocks on  subsequen t low  tides. W ells (1965) doub ts repo rts  of 
hom ing  in  d ecap o d  cru stacea  a n d  i t  w as p a rtly  to  check  w h e th e r  this “ h o m in g ” 
o f C. maenas w as a  n o rm al beh av io u ra l p a tte rn , o r  one im posed on  th e  South-

R.GANN

WATCH
HOUSE
POINT

CLIFF
COTTAGES

BEACH
DALE

ROADSDALE
VILLAGE

DALE PENINSULA

SH O RE NOT 
EX A M IN ED  

B U T  A P P A R E N T L Y  
U N SU ITA B LE

ST. ANN'S HEAD
M ap 5.

D istribution o f large (m ore th an  50 m m . carapace breadth) C. maenas on th e  shore a t  low tide 
around the Dale peninsula. August 1965-1966.

a m p to n  crabs b y  a  shortage o f su itab le cover, th a t  th e  sho rt experim en t 
(m en tioned  above) was p e rfo rm ed  a t  D ale. O nce aga in  a  p rep o n d e ra n ce  of 
m ales (81 p e r  cent) was no ted , b u t th e re  was no  evidence o f hom ing . I n  his first 
five days E d w ard s c a u g h t 382 m ales o f  w h ich  5 0 (1 3  p e r  cen t) w ere recap tu res 
w hereas th e  626 m ales ta k en  in  5 days a t  D ale  inc luded  on ly  17 (2-7 p e r  cent) 
recap tu res . O n  th e  b each  a t  D ale  the  sam e h id in g  places w ere searched  ea ch  d ay ; 
they  usually  h a rb o u re d  co m p arab le  num bers o f crabs b u t  on ly  once was 
a n  in d iv id u a l re c a p tu re d  n e a r  its orig inal position.

M o st S ection A  crabs a re  fo und  o n  rocky shores w ith in  th e  ran g e  o f n ea p
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tides. O ccasionally  they  w ill shuffle in to  the  sand  o r m u d  if  no  o th e r  cover is 
av a ilab le  b u t  they  do  n o t no rm ally  d ig  a  b u rrow . I t  is thus p e rh ap s surprising  
th a t  so m a n y  C. meanas should  colonize sa lt m arshes— above h ig h  w a te r  o f n eap  
tides a n d  thus n o t subm erged every  d a y — a n d  excavate  p e rm a n e n t burrow s in  
th e  banks o f d ra in ag e  channels. T h e  ch an n e l ban k s o f  th e  G a n n  sa lt m arsh , 
D ale , a re  r id d led  w ith  burrow s th a t in te rco n n ec t to  fo rm  com plex galleries 
ru n n in g  b ac k  a t  least 18 inches in to  th e  bank . I n  J u ly  1965 a  section of b an k  
w as excavated  a n d  a ll th e  crabs ca u g h t a n d  m easu red  (T ab le  4 ). T h e  m ajo rity  
w ere  sm all, first-year size ind iv iduals (a lth o u g h  th e  b u rro w  en trances w ere 
la rg e  enough  fo r adults) a n d  o f n ea rly  eq u a l sex ra tio .

MA L E S

1963

F E M A L E S

O cto b er

145

118

68

\  131 
vT

164

F i g .  2 .
A m ark-release-recapture experiment of section A. Crabs on 50 square yards of C liff Cottages

Beach, Dale.

O c t o b e r

32
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T ab le  4. A  comparison between crabs dug, at low tide, fro m  their burrows along 30 fe e t o f  
drainage channel bank and crabs trapped at high tide in the same area. Gann Salt Marsh,

Dale, July, 1965.

Crabs from  their burrows Crabs trapped

Sizes Males Females Males Females

70 0 0 2 0
60 0 0 8 14
50 5 4 108 185
40 15 9 134 194
30 35 53 104 193
20 41 40 83 74

Totals 96 106 439 660

T he same d a ta  (but ignoring the size 20 crabs, which can escape from traps) expressed as
percentages to show the differences in  size frequency more clearly :

Crabs from  burrows Crabs in  traps

Sizes M ales Females Males Females

70 0 0 i 0
60 0 0 2 2
50 9 6 30 32
40 27 14 38 33
30 64 80 29 33

IOO 100 100 100

Section B  crabs
T h e  crabs tra p p e d  a t h igh  tid e  on  the  sa lt m arsh  (T ab le  4) clearly  rep resen t 

a  d iffe ren t section  o f th e  p o p u la tio n  from  those found  th e re  a t  low  tide . I f  the  
invaders, w h ich  ca n  b e  observed  m oving  u p  th e  d ra in ag e  channels w ith  the  
flood tid e , h av e  com e from  below  the  low  tid e  m a rk  they  h av e  trave lled  a 
th o u san d  y ards across th e  shore. E v idence fo r such m ovem en t com es from  
occasional c a p tu re  o n  th e  m arsh  o f a  c rab  bea rin g  liv ing Balanus crenatus, a  
b a rn a c le  th a t  c a n n o t w ith s tan d  u p p e r  shore conditions.

I t  is n o t easy to  se p ara te  crabs belong ing  to  section B from  section  C crabs 
w hen  exam in ing  th e  ca tch  from  su b -litto ra l traps. H ow ever, th e re  a re  a  few 
ind icato rs availab le .

(i) Distance from  the shore. I t  is un likely  th a t  section B crabs w ill m ove far 
below  low  tide  m a rk , ye t C. maenas can  be found a t som e d istance from  the  
shore (M ap  2). I  suspect th a t all those taken  below  ab o u t 3 fm . fall in to  
section G, w hilst section  B crabs w ill p red o m in a te  ju s t below  th e  tidem arks.

(ii) Parasitizalion. C rabs p arasitized  by  Sacculina carcini occasionally  a p p e a r  
on  th e  shore, b u t T ab les  1-3  show  th a t  (a t D ale) th e y  a re  m ore fre q u en t 
offshore. T hese  d a ta , p resen ted  aga in  m ore clearly  in  T a b le  5, confirm  earlier

3 *
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r

s  M o re  th a n  50% ot th e  ca tch  v is  ihi;, in fec ted  w ith  S acculina c a rc in  
o  25-50%  of th e  ca tch  in fec ted  
a  up  to  25% of the ca tch  in fec ted  
o  none of th e  c r a b s  caught w e re  v is ib ly  in fec ted

H igh  W a te r  M ark
C h a rt D atum  (e x trem e  low w a te r  m ark ) 
3 fa thom  line  
6 fa thom  line

M a p  6 .

Distribution of sacculinized C. maenas in  Dale R oads, Ju ly  to Septem ber 1964—1966, as showr
by trapping.

im pressions (e.g. o f R asm ussen, 1959) th a t  sacculin ized crabs m ove offshore. 
T h e  p roportions o f p arasitized  crabs rec o rd e d  are  m in im al values, for these 
an im als  a re  less active th a n  h ea lthy  ind iv iduals (and  so less likely to  be trapped) 
a n d  th e  p a ra s ite  m ay  be affecting th e  c ra b ’s b ehav iou r before th e re  is an} 
ex te rn a l evidence o f infection. T h e  positions in  w hich  sacculin ized crabs were 
tra p p e d  in  D ale  R oads (M ap  6) suggest th a t m ost o f them  m u st b e  in  section C. 
a n d  the  p au c ity  of cap tu res on th e  shore  (m ost o f w hich  w ere only ju s t  above 
c h a r t d a tu m ) w o u ld  seem  to confirm  this.

T a b le  5. Distribution o f  sacculinized C . m aenas trapped in Dale Roads, July  
to September, 1964-1966.

On the shore 0-3 fm. 3-6  fm. below 6 fm.

N um ber of crabs trapped (Table 3) i)740 1,061 100 4
N um ber infected   12 88 17 3
% infected ........................................... 0 .7  8 17 (75)
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(iii) Epizoids. T ab les  1-3 also show  th a t the  la rg e r  (older) crabs figure m ore 
p rom inen tly  offshore, b u t th a t th e re  is no  ap p rec iab le  size d ifference betw een  
crabs from  d ifferen t sub-litto ra l dep th s (in su m m er) . Som e o f these o lder crabs, 
w h ich  m o u lt a t  long  in tervals or have ceased m ou ltin g  (see G rothers, 1967) b ea r  
algae a n d  a n  ep ifau n a  o f encrusting  anim als on  c a rap ac e  a n d  legs. W h en  the  
d is trib u tio n  o f  such  crabs is sum m arized  (M ap  7; T a b le  6)— a n d  aga in  these 
a re  m in im al values for few crabs w ere closely exam ined  for new ly se ttled  
organism s— it  w ill b e  seen th a t  they  p red o m in ate  in  deeper w a te r, a n d  thus 
m ay  b e  m o re  ty p ica l of section C  th a n  B. T h e  occasional tra p p in g  of these 
crabs o n  the  shore is d irec t p ro o f o f section B m o v em en t (see ab o v e ).

(iv) Colour. B ody colour m a y  p rov ide an o th er in d ic a to r  o f p as t h a b i ta t (see 
also p . 608) fo r a d u lts  v a ry  from  ligh t green  to  d a rk  red . A n  a tte m p t to  assess 
th e  colours o f crabs collected b y  h an d  on the  m id d le  shore (section A ), trap p e d

a M o re  th an  50'?c of th e  c a tc h  w ith  an  ep ifauna  
•  25-50 ' 0 of th e  c a tc h  w ith  an  ep ifauna 
±  up  to 2 5 a  of th e  c a tch  w ith  an  ep ifauna  
o  n one  o f th e  c ra b s  caught b o re  an  ep ifau n a

High W a te r  M ark
C h a rt D atum  (e x tre m e  low  w a te r  m ark ) 
3 fa th o m  lin e  
6  fathom  line

M a p  7 .
Distribution of crabs bearing epizoic anim als in Dale Roads, Ju ly  to Septem ber 1964-1966, as

shown by trapping.
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T a b le  6. Distribution o f  crabs bearing epizoic animals trapped in Dale Roads, 
Ju ly  to September, 1964-1966.

M A LES

O n the shore 0-3  fm. 3-6  fm. below 6 fm.

N um ber of crabs trapped
(from T able  2) 470 209 19 2

N um ber bearing  an epifauna . . 0 17 3 i

% bearing an  epifauna 0 8 16 (50)

O n  the  shore
F E M A L E S

0—3 fm. 3-6  fm. Below 6 fm.

N um ber of crabs trapped
(from T able  i ) 788 852 81 2

N um ber bearing an  epifauna . . 3 75 3 1 0

%  bearing  an  epifauna 0 .4 8 38 (0)

O n the shore 0-3 fm.
T O T A L

3-6  fm. Below 6 fm.

N um ber of crabs trapped . .  1,258 1,061 IO O 4
N um ber bearing an  epifauna . . 3 92 34 I

%  bearing an  epifauna 0 .2 8 34 (25)

a t  h ig h  tid e  on  th e  low er shore (sections A  plus B) a n d  trap p e d  sub-litto ra lly  
(sections B an d  G) is rep o rted  in  T a b le  7. T h e  assessm ent w as, o f necessity, 
sub jective b u t  the  results suggest th a t th e  p ro p o rtio n  o f p red o m in an tly  green  
ind iv iduals increases u p  th e  shore (an d  sa lt m arsh  crabs a re  alm ost all greenish) 
w hilst th a t  o f p red o m in an tly  red  crabs increases offshore (m ost specim ens from  
d ee p er w a te r  being m o re  or less re d ) .

T h e  con tin u al m ovem ent o f  ind iv iduals betw een  th e  sections b lu rs all 
d istinctions an d  p reven ts certa in  assignm ent o f a  specim en to an y  one section. 
B u t i t  does a p p e a r  th a t  large , red  crabs w ith  an  ep ifauna a n d /o r  the  parasite  
Sacculina a re  typical o f section C ; w hilst h ea lth y  green  crabs w ith  no  encrusting  
grow ths (except o f filam entous g reen  algae) a re  p ro b ab ly  in  section  A . Section B 
crabs a re  in te rm ed ia te .

Section C crabs
I t  w as no ted  in  th e  previous section th a t  section C  crabs a re  found fu rth e r  

offshore th a n  th e  rest o f the  p o p u la tio n . A t P lym ou th  (M arin e  Biological 
A ssociation, 1957) a n d  Sw ansea (N ay lo r, 1962) th e  seaw ard  lim it o f C. maenas 
is g iven  as 3 fm . A t D ale , in  sum m er, som e crabs h av e  been  taken  below  6 fm.
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T a b le  7. Variations in the colour o f  adult C. m aen as from  different 
habitats around Dale.

M A L E S

T o ta l no. N um ber %
of crabs predom inantly predom inantly
caught green red green red

M iddle shore 609 5!2 95 84 16
Lower shore 30 21 9 70 30
Sub-littoral (0-3 fm .) . . 135 85 50 63 37

Total no. 
of crabs 
caught

F E M A L E S  

N um ber 
predom inantly 

green red

%
predom inantly 

green red

M iddle shore 138 132 6 9 6  4
Lower shore 9 4 60 34 63 37
Sub-littoral (0-3 fm.) .. 512 213 299 40 60

T o ta l no. 
of crabs 
caught

T O T A L  

N um ber 
predom inantly 

green red

%
predom inantly 

green red

M iddle shore 747 646 101 86 14
Lower shore 124 81 43 65 35
Sub-littoral (0-3 fm.) . . 647 298 349 46 54

(M ap  2) b u t  96 p e r  cen t o f  th e  2,904 crabs trap p e d  w ere w ith in  th e  3 fm. line 
(T ab le  3). Som e ind iv iduals occasionally  m ove deeper, as show n b y  records, 
from  1 1-18 fm . in  th e  so u th ern  N o rth  S ea (B roekhuysen, 1936) a n d  30 fm . in  the  
F ir th  o f  C lyde (C hum ley , 1918) b u t  th e  species rem ains a n  essentially coastal one.

Variations in activity during the day 
S hore  crabs a re  n o t co n tin u a lly  active th ro u g h o u t th e  24 h o u r  cycle b u t  show 

bursts o f ac tiv ity  in te rspersed  w ith  periods o f quiescence. T hese bu rsts  follow  a  
p a t te rn  th a t has b ee n  in te rp re te d  (N aylor, 1958) as rep resen ting  tw o cycles of 
activ ity , one associated  w ith  th e  tides a n d  the  o th er w ith  th e  d ay -n ig h t cycle.
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T h e ir  com bined  effect m akes th e  crabs ac tive  a t  h ig h  tide  a n d  a t  n igh t, w ith  
tw ice-m onth ly  peaks o f m ax im u m  ac tiv ity  w hen  h ig h  tide  occurs n ea r  m idn igh t. 
A  d ro p  in  tem p era tu re , such as w ould  b e  experienced  b y  a  section A  crab  on 
b e in g  covered by  the  tid e  (in sum m er) also stim ula tes a  b u rs t o f activ ity . T his 
stim u la tion , recu rrin g  w ith  a  tid a l frequency , m ay  serve to  reinforce the  
endogenous rh y th m  (N aylor, 1963)— see also p. 609. B oth  ad u lts  (N aylor, 1958) 
a n d  juven iles (Powell, 1962^) exh ib it th e  tw o rh y th m ic a l p a tte rn s  in  tid a l areas,

High Water

Day

High W a t e r High Wat er

N ight Da y

OfM *
C c
IO io

n

DdoDgD_d__D
A  o A o A A  A ¿ ¿ ¿ ¿ ¿ ¿ ¿ ¿ i
IOkI IO n  n  lOKl IO iO K I ^ K I iO iOIOIO
c D c > o  — r - j i o - r  ‘0 ' 0 N ® 2 ° - ' v K 1

H  v 3  O o   • — --------------------------------- r \j  IM IN

M o n d a y  S e p t e m b e r  6th.  
1965

0 D □ a  D__________ - UDO_______________
¿ ¿ ¿ ¿ ¿ ¿ A  ¿ ¿ > A A A A A A ¿ ¿ > A A
IO Kl Kl IO IO IO n  K lm K lK H O K l i O K I I O I O K lK I  
O  — Osj ^  O  N  CD ^  o  — N  10 ' r  m  O  N  (OO O O o  O 0  O o  o  o  ~’ ------   —

T u e s d a y  S e p t e m b e r  7th.  
1965

□  = One Cr

F i g .  3 .
T h e  feeding activity of some sub-littoral C. maenas as shown by their tim e of entry into a single 
trap  laid , in  about 2 fm. of w ater, off the Dale F o rt jetty . T he trap was visited a t hourly intervals 

and  the catch released a t  least 15 feet away.

b u t crabs collected  from  n o n -tid a l cond itions (Sw ansea Docks) show the  
d a y /n ig h t cycle only  (N aylor, i960).

D u rin g  th e  periods o f red u ced  activ ity— a t  low  tide  a n d  b y  d ay — section A  
crabs te n d  to  h id e  aw ay  u n d e r cover, b u t  som e sub-litto ra l crabs m ay  con tinue 
to  forage for food. Fig. 3 shows th e  results o f  lifting  a n d  em p ty in g  a  single trap  
a t  h o u rly  in te rvals over a  32 h o u r p eriod . M ax im al ac tiv ity  occu rred  as 
expected  d u rin g  th e  hours o f darkness b u t  som e crabs co n tin u ed  to  en ter by  
day . A q u a lu n g  dives in  th e  a re a  by  day  failed  to  find a n y  foraging C. maenas.
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Seasonal changes in local distribution 

T h e  foregoing sections h av e  described  the  su m m er (A p ril-O cto b er) d is tri­
b u tio n , w hen  th e  m a jo rity  o f th e  a d u lt po p u la tio n  is in  section  B w ith  section  A  
second, a n d  section  G— com posed m ain ly  o f th e  h a l t  a n d  lam e— last. T h is 
p a tte rn , d ed u ced  b y  E dw ards (1958) an d  first d em o n stra ted  b y  N ay lo r (1962) 
is best show n b y  th e  D ale  d a ta  w hen  the  la tte r  a re  expressed (T ab le  8) in  
term s o f m e an  tra p  effort.

D u rin g  th e  a u tu m n  th e re  is a  g rad u a l m ove offshore o f ad u lts  from  sections 
A  a n d  B in to  C. N ay lo r (1962) believes th e  crabs to  rem a in  w ith in  th e  3 fm. 
lim it in  co n tra st to  E d w ard s’ (1958) suggestion o f a  general m ove in to  deeper 
w ate r. T h e  w in te r  d a ta  for D a le  (T a b le  8) suggest a  sw elling o f nu m b ers  in  the 
0 -3  fa th o m  zone b u t  a re  insufficient to  p e rm it th e  w in te r  ran g e  to  be p lo tted .

F ro m  D ecem ber to  M a rc h  section  A  disappears, excep t for som e ( ?all) first 
y ea r crabs (E dw ards, 1958; N ay lo r, 1962). In  som e places a n d  som e years—  
e.g. Sw ansea, 1960-1961 (N aylor, 1962)— section B, a lth o u g h  p resen t in  b o th  
D ecem ber a n d  M a rc h , a p p a ren tly  d isappeared  in  J a n u a r y  a n d  F eb ru ary . In  
o th e r  p laces a n d  o th e r  years— e.g. D ale , F e b ru a ry /M a rc h , 1964— section B 
persisted, a lth o u g h  w ith  red u ced  num bers (T ab le  8) a n d  red u ced  range . T h e  
crabs tra p p e d  o n  th e  shore a t  this period  (T ab le  9) m ust all b e  section B, for 
none could b e  fo und  th e re  a t low  tide. I t  is no ticeab le  th a t b e rr ied  fem ales an d  
sacculin ized crabs o f b o th  sexes usua lly  rem a in  in  section C.

N ay lo r (1963) has show n te m p e ra tu re  to  affect th e  m ovem ents o f C. maenas. 
H is suggestion th a t  the  m ove b ack  onshore in  M a rc h /A p ril is te m p era tu re

T ab le  8. Variation in the abundance o f  C. m aenas trapped at different 
depths in Dale Roads, in terms o f  mean trap effort.

Sum m er 
(July-Septem ber 1964-1966)

D epth  trapped  : O n  the  shore 0-3 fm . 3 -6  fm . Below 6 fm.

(1) N um ber caught . .  . .  . .  1,740 1,061
(2) N um ber of trap/periods . .  . .  71 90

M ean  catch  . . . .  . .  . .  25 12

W inter 
( J  anuary-M arch  19 64-1965)

D ep th  trapped : O n  the shore 0-3  fm.

(3) N um ber caught . .  . . . .  112 446
(2) N um ber of trap/periods . . . .  26 21

M ean  catch  . .  . .  . .  4  21

Notes.
(1) Totals from  T ab le  3.
(2) T rap  periods were usually trap-nights, b u t occasionally bad  w eather prevented collections 

in  deeper w ater, m ostly near the m outh of Dale Roads.
(3) Totals from  T ab le  9, -j-6 unsexed crabs.

100
47

2

4
47

0 .08
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T a b le  9. Relative distribution o f  C . m aenas trapped in Dale Roads 
during winter [January-March 1964-1965).

[ ] Before the entry shows the (additional) num ber of berried females.
( ) After the entry shows the (additional) num ber sacculinized.

M A L E S  F E M A L E S

Size range Shore 0-3  fm. Shore 0-3  fm.

70 i 6(1 ) 0 0
60 3 3 9 ( 0 2 [2] 3 4 ( 0
50 IO 62 (3) 13 [5] 116(10)
40 i 7 ( 0 20(5) [»] 25 (1) [3] 58(19)
3° 12 i (2) 12 [ i]  8(8)
20 4 2(1) 4 0

47 (1) 130(13) M  56(1) [11] 216 (38)
G rand  total 48 143 58 303

% berried  females . .  
% sacculinized crabs 2 IO

2
2

5
12.5

con tro lled  was confirm ed by  th e  a p p a re n t  ra r ity  o f  th e  c ra b  in  sp ring  1963 
follow ing a n  unusually  cold w in te r (see C risp , 1964).

S uperim posed  on  these possibly tem p era tu re -co n tro lled  m ovem ents a re  
changes associated w ith  b reed ing  a n d  m oulting . P a ir in g  crabs occur in  section 
A , ca n  b e  found  on  th e  shore a t  low  tid e , a n d  h av e  (tw ice a t  D ale) b een  taken  
from  tra p s  se t on  th e  shore a t h igh  tide— b u t never in  trap s  offshore. Fem ales 
m ove offshore in  a u tu m n  before the  m ales (w hich  m a y  in  p a r t  acco u n t for the  
p rep o n d e ra n ce  o f  m ales in  Fig. 2) a n d  m o st rem a in  in  section  C  u n til th e ir  eggs 
h a tch . T h e  less com m on “ sum m er cycle fem ales”  (bearing  eggs in  spring  an d  
sum m er— see C ro thers, 1967) m ay  s tay  in  section B, o r even A , for salin ity  
varia tio n s w ill b e  less serious a t th e  h ig h e r  tem p era tu re s  (B roekhuysen, 1936). 
A t D ale  th e  sum m er cycle seems u n im p o r ta n t for on ly  2 o u t o f the  1,658 
u n p ara s itiz ed  a d u lt fem ales trap p e d  w ere  in  berry .

M o u ltin g  crabs a re  o ften  seen in  section  A  (though  very  r a re  in  traps) ; the ir 
re stric ted  m ovem en t w ill p rev en t th e ir  jo in in g  section B ; a n d  th e re  a re  no d a ta  
for section  C.

Long term movements
I t  ap p ears  th a t  the  m egalopa la rv a  settles o n  th e  shore a n d  th a t th e  young 

c ra b  rem a in s th e re  (i.e. in  section A) u n til  the  follow ing spring. O n ce  ad u lt it  
usua lly  jo in s section B in  sum m er, o ften  w ith d raw in g  to  section C  for the 
w in ter. I t  p ro b ab ly  rep ea ts  this cycle fo r a t  least tw o seasons, a t  sizes 40 an d  50. 
O ld e r  crabs, i.e. in  th e  fou rth  year, in  (o r approach ing) te rm in a l anecdysis, 
usua lly  becom e less ac tive  a n d  even tua lly  rem a in  in  section  C all th e  tim e—  
a lth o u g h  som e ind iv iduals o f size 60 ca n  still b e  taken  in  section B.

V ery  few  rea lly  la rg e  crabs w ere ta k en  in  th e  D ale, o r L ough  In e  (M un tz  et 
al., 1965) tra p  series— none ap p ro ach in g  th e  86 m m . ca rap ac e  b re a d th  a tta in ed  
by  th e  la rg est P lym ou th  crabs (C arlisle, 1957). N ay lo r (1962) no ticed  a  decline 
in  th e  n u m b ers  o f  th e  la rgest crabs in  A u g u st a n d  suggested th a t  th e  o ld  crabs



T ab le  io . Organisms known to have been eaten by C. m aenas, with a 
fe w  that are apparently not eaten.

Organism Eaten
N ot

eaten

Living
In  aquaria

Shell -p, 1 , j  Dead cracked

In  the field 
Living D ead Bait in 

traps
Coelenterates 0

Actinia equina 3
Bunodactis verrucosa 3
Tealia felina 3
Anemonia sulcata 3

Sipunculoids . . 3
Annelids

Nereidae . . 3 3
Nephthys 3 3
Eulalia 3 3
Terebellidae (if very hungry)
Lumbricus . . 3

Crustacea
Amphipods 3 3
Isopods 3 3
Crangon 3 3 i
Palaemon 3 3 i
Palaemonetes 3 3
crabs 3 3 3
zoeae {Maia) 3

Mollusca
Patella 3 3 3
Monodonta . . 3
Gibbula !! 6 3 6
Littorina 3
Nucella 4 3 4
Helix 3
Anomia 6
Mytilus 4 3 3 4
Enis 3 3
Ostrea 2 ,8 7
Pectinidae . . 3 (small) 2
M yidae 2
Lutraria 3
Cardium 3 3
Venerupis 3
Scrobicularia 3

Echinoderms
Asterias 5
Paracentrotus 6 6

V ertebrates
“ Fish” i
Fish fry i
Scyliorhinus . . 3
Conger 3
Onos 3 3
Gaidropsarus 3 3
Morone 3
Scomber 3
Gobius microps 3 3
Blennius 3 3
“ Fowl” i
“ m eat”  (offal, etc.) 3
References: (1) Bell '1853)5 (2) Buchsbaum and  M ilne (i960); (3) Crothers (unpublished);

(4) Ebling et al. (1964); (5) H ancock (1955); (6) M untz et at. (1965); (7) W alne (1961); 
(8) Yonge (i960).
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die o ff a t  this season— w hich w ould  ex p la in  th e ir  absence from  th e  D ale  an d  
L ough  In e  d a ta , b o th  taken  in  A ugust/S ep tem ber.

R e l a t i o n s  w i t h  o t h e r  a n i m a l s  

Food
C. maenas eats a  w ide varie ty  o f liv ing a n d  d ea d  an im a l m a tte r . T ab le  io , 

lis ting  organism s know n to have been  ea ten  b y  th e  crab , is undou b ted ly  
incom ple te  a n d  m ay  b e  in accu ra te , for o rganism s accep ted  in  a q u a r ia  a re  n o t 
necessarily  ea ten  in  th e  sea. T h e  tab le  also lists a  few an im als th a t a re  a p p a ren tly  
n o t ea ten . T h e re  w ill b e  m an y  m ore of these : an im als th a t  th e  c rab  (a) can n o t 
ca tch , (b) can n o t b rea k  open, o r (c) finds distasteful.

P o ten tia l p rey  is detec ted  a t a  d istance th ro u g h  the  w a te r  b y  sense organs on 
th e  a n ten n a e  (see C rothers, 1967, for references). T h e  c ra b  m akes a p p a ren tly  
ran d o m  search ing  m ovem ents w ith  its legs an d  chelae. F u n n e l canals on  th e  
tips o f the  appendages respond quickly  to  th e  touch  o f  a n y  food substance, an d  
th e  c ra b  ju m p s  o n  its prey, p in n in g  it to  th e  g round . A  w o rm  is h e ld  by  the  
chelae w hilst the th ird  m axillipeds gu ide i t  tow ards the  m o u th . W h e n  p resen ted  
w ith  a  b roken-open  m ollusc the c rab  tears  lum ps off w ith  its chelae an d  passes 
th e m  to the  m o u th  parts. A  crab  th a t has lost b o th  chelae anchors the  carcase 
w ith  its legs a n d  tears off th e  food w ith  its  m axillipeds.

L iv ing  m olluscs or sea urch ins m u st b e  cracked  open  before th e  m ea t is 
accessible (see E b lin g  et al., i9 6 0 ; M u n tz  et al., 1965). O n ly  sm all (young) 
topshells, mussels, a n d  urch ins a re  v u ln e rab le  to  C. maenas b u t dogw helks o f all 
sizes, especially  th e  th in-shelled  form , m a y  b e  b roken  by  the  la rger crabs. M ost 
o f these an im als a re  crushed  by  the  m aste r chela , b u t som etim es the  sm aller 
che la  ca n  be inserted  betw een  th e  valves o f a  b ivalve or be used to  ch ip  aw ay 
a t  th e  a p e r tu re  o f a  gastropod. O ccasionally  th e  c rab  rem oves Nucella from  its 
shell com plete. Nucella shells th a t a re  too solid to  crush  m a y  b e  ab a n d o n ed  by  
the  c ra b  afte r a  few chips a t th e  a p e r tu re  (E b ling  et al., i960). C h ipped  shells 
m ay  thus in d ica te  c rab  activ ity , b u t u n fo rtu n a te ly  b irds, especially  gulls, also 
leave ch ip p ed  shells on  the  shore (M oore , 1938).

M a n y  m ore d a ta  a re  req u ired  before a n y  assessm ent can  be m a d e  o f the  effect 
(if  any) o f  av a ilab le  food supplies on  th e  n u m b ers  an d  m ovem ents o f C. maenas ; 
or, for th a t  m a tte r, o f th e  effect o f a  la rg e  c rab  p o p u la tio n  on  a  p o te n tia l p rey  
species. S uch  a  com m on an im al m ust exert a  considerab le effect. I n  L ough  In e  
p resen t in fo rm ation  (E b ling  et al., i9 6 0 ; M u n tz  et al., 1965) suggests th a t  the 
c rab  m a y  contro l m ussel, u rch in , an d  dog  w helk  d istribu tion , so it  is surprising  
th a t  m a n y  recen t pub lications on  shore ecology (e.g. Lewis, 1964; M oyse an d  
N elson-S m ith , 1963; N elson-Sm ith , 1967) should  om it reference to  this an im al.

Predators
T a b le  11 lists th e  an im als recorded  as feeding on  C. maenas, o r on  “ c rab s”  in  

circum stances th a t suggest th a t this species w ou ld  be involved. E v en  th ough  
c rab  rem ains from  stom achs a n d  stom ach  pellets (e.g. o f gulls) can  often be 
iden tified  to  species, th e  list is far from  com plete  an d  m ay  w ell inc lude  o th er 
sm all w ad in g  b irds an d  corvids th a t feed on  th e  shore. W h ich  p re d a to r  kills the 
m ost crabs is h a rd  to  assess; am ongst b irds i t  m ay  be th e  h e rr in g  guii (Larus
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T a b le  11. Predators o f  C. m aenas.
Key

A— often eaten. B—occasionally eaten. C— has eaten in  the laboratory.
D —suspected of eating. X — does no t eat C. maenas.

Species
C. maenas 

m entioned 
adult larva

C. maenas 
implied 

adu lt larva

Does not 
eat 

crabs

Invertebrates
M ost plankton feeders . . . .  D (3)
Various crab species . .  B (3) C (3)
Octopus vulgaris (Com mon octopus) C ( 16) B (23)
Eledone cirrhosa (Lesser octopus) . .  B (23)
Sepia officinalis (Cuttlefish) . .  B (23)

Fish
Anguilla anguilla (Com mon eel) . .  A (io , 19)
Blennius pholis (Com mon blenny) C (3)
Callionymus lyra (Dragonet) . .  A (io)
Clupea harengus {H erring) . .  A  (io , 19)
Clupea sprattus (Sprat) . . . .  A  (19)
Conger conger (Conger eel) . .  . . A (19) A (4)
Cottus bubalis (Father lasher) . .  B (19)
Cottus scorpius (Sea scorpion) . .  B (4)
Crenilabrus melops (G ilt head) . .  B? (io)
Gadus callarias (Cod) . .  . .  B ( 1 o, 19)
Gadus luscus (Pout) . .  . .  A ( 1 o) A (4)
Gadus merlangus (W hiting) . .  A (io ) A  (15) A (19)
Gadus minutus (Poor cod)
Gadus pollachius (Pollack)
Galeorhinus galeus (Tope) . . . .  A (4)
Gobius paganellus (Rock goby) . .  B (io)
O ther Gobius sp.
Limanda limanda (Dab) . .  . .  A (io )
Morone labrax (Bass) . .  . . A  (5), B (io)
Mustelus mustelus (Sm ooth hound) A (4)
Platychthysflesus (Flounder) . .  A (io , 13)
Pleuronectes platessa (Plaice) . .  B (io)
Raia sp. (Rays) . . . . . .  D  (23)
Scophthalmus maximus (Turbot) . .  A (4)
Scyliorhinus canicula (Dogfish) . .  A (5)
Trigla lineata (Streaked gurnard) A  (4, 23)

Birds
Actitis hypoleucos (Common 

sandpiper) . . . .  A (24)
Alle alle (Littlç auk) . . . .  A (24)
Anas platyrhyncha (M allard) . .  8 (1 7 ,2 4 )  B (2)
Ardea cinerea (Heron) . .  . .  B (24)
Aythya marila (Scaup) . . . .  A (24)
Botaurus stellaris (Bittern) . . . .  B (24)
Bucephala clangula (Goldeneye) . .  A (24)
Calidris alpina (Dunlin) . . . .  A (24)
Calidris canutus (Knot) . . . .  A (24)
Clangula hyemalis (Long-tailed

duck) . . . . . . . .  A (24)
Colymbus arcticus (Black-throated

diver) . . . . . . . .  A (24) (continued overleaf)

X  (io)
X (io)

X  (io)
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Species
C. maenas 

m entioned 
adult larva

C. maenas 
implied 

ad u lt larva

Does not 
eat 

crabs

Colymbus immer (G reat northern 
diver)

Haematopus ostralegus 
(Oystercatcher)

Larus argentatus (H erring guii) 
Larus fuscus

(Lesser black-backed guii) 
Larus hyperboreus (Glaucous guii) 
Larus marinus

(G reater black-backed guii) 
Limosa lapponica

(Bar-tailed godwit)
Melanitta fusca (Velvet scoter) 
Melanitta perspicillata (Surf scoter) 
Mergus serrator

(Red-breasted merganser) 
Numenius arquata (Curlew) 
Numenius phaeopus (W himbrel) 
Phalacrocorax aristotelis (Shag) 
Phalacrocorax carbo (Corm orant) 
Podiceps griseigena 

(Red-necked grebe)
Somateria mollissima (Eider) 
Somateria spectabilis (King eider) 
Squaterola squaterola (Grey plover) 
Tadorna tadorna (Shelduck)
Tringa flavipes (Yellowshank) 
Tringa nebularia (Greenshank) 
Tringa totanus (Redshank)
Turdus musicus (Redwing)
Uria grylle (Black guillemot)

A (24)

A (7,9, 14,22)

B (9)

A (12) 
B (24)

A  (24) 
A (24)

A  (24) 
A (24)

B (24) 
A  (24)

A (24)

A (24) 
A (24) 
A (24)

A  (24) 
A (24)
A (24)

B (24)

A (24) 
A (24) 
A (24)
A (24) 
A (24) 
B (24) 
B (24)

X( 9)

M am mals 
Halichoerus grypus (Grey seal)
Homo sapiens (M an) . . . .  A/B (20, 1)
Kogia breviceps

(Pygmy sperm  whale) . .  . .  B (8)
Lutra lutra (O tter) . . . .  . .  B (6)
Phoca vitulina (Common seal) . .  B (18)

B ( i i ,  12)

Note i. T he decision w hether or not to include fish known to  feed on “ crabs”  was based 
largely on records of fish (Crothers, 1966) w ithin th e  known range of C. maenas (M ap 2).

N ote 2. I t  was presum ed th at C. maenas was the most likely crab to be available to birds, for 
most of these species catch  crabs on the shore and  few will dive to depths greater th an  3 fathoms.

References: (1) Bell (1853); (2) Campbell (1947) ; (3) Crothers (unpublished); (4) Day (1880- 
1884); (5) J .  W . Donovan (personal com m unication); (6) Elm hirst (1938); (7) Goethe (1956); 
(8) H arm er (1927); (9) H arris (1965); (io) H artley  (1939); (11) Lockley (1966); (12) Lumsden 
(1946); (13) Markowski (1966); (14) M eijering (1954); (15) N agabhushanam  (1964); 
(16) Nixon (1966); (17) O lney (1964); (18) Sergeant (1951) ; (19) Scott (1902); (20) Schmitt 
(1965); (21) Southern (1964); (22) Tinbergen (1953); (23) Wilson (1935); (24) W itherby et al. 
(1938-1941).
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argentatus P ont.) as b o th  G oethe (1956) an d  M eije ring  (1954) found  th a t  they 
fed p rinc ipa lly  on  C. maenas a t  som e tim es o f the  year, w hilst b o th  T in b e rg en  
( 1953) a n d H a rris  (1965) found th a t  they  took m o re  C. maenas th a n  o th e r  c rab  
species. A nalysis o f guii pellets— especially for chelae— w ould  show th e  size 
ran g e  o f th e  crabs sw allow ed w hole ; b u t to  this m u st b e  ad d ed  the  la rg e r crabs 
w hich  are  d ism em bered  on  the  shore an d  from  w h ich  th e  gu ii swallows th e  
m e a t only. M y  im pression is th a t h e rrin g  gulls feed m ostly  on  young  a d u lt  crabs 
b u t  th e  d a ta  a re  so incom ple te as n o t to  be w orth  inc lud ing  here . C orm oran ts 
a n d  shags also ta k e  large an d  m ed ium  sized crabs, b u t m ost o th e r  av ian  
p red a to rs  a re  reco rd ed  as tak in g  sm all crabs. T h e  heaviest p red a tio n  from  b irds 
is thus p ro b ab ly  on  section A  crabs plus o r m inus one year old.

M o d ern  m a n  collects C. maenas m ore  for b a it th a n  fo r food. I n  B rita in  the 
species is now  h a rd ly  ea ten  a t  all a lth o u g h  Bell (1853) was ab le  to w rite : “ T h is 
c rab  is m uch  ea ten  by  the  p oo rer classes on the coast a n d  g re a t num bers a re  
also b ro u g h t to  th e  L on d o n  m ark e ts ; the  flavour being  very  te n d e r an d  sw eet.” 
I n  th e  U n ite d  S tates the species is ea ten  in  res tau ran ts  a n d  th e  a n n u a l ca tch  for 
food to tals be tw een  60 a n d  70,000 pounds (S chm itt, 1965, p. 193).

Parasites
T h e  know n parasite s o f C. maenas a re  listed  in  T a b le  12 and , w ith  the  exception  

o f Sacculina carcini (w hich  alone betrays its presence ex ternally ), very  little  is 
know n a b o u t them .

U n d e r fav o u rab le  conditions S. carcini b reeds th ro u g h o u t the  year, m a in ly  in  
sum m er a n d  a u tu m n , show ing sligh t seasonal v a ria tio n  w ith  la titu d e . T h e  eggs 
a re  re ta in ed  by  th e  ad u lt u n til they  h a tc h  in to  typical c irripede naup lii. T h e  
naup lius m oults to  a  cypris la rv a  w hich  sinks to  the  bo ttom  a n d  settles, d u rin g  
th e  n igh t, on  th e  in teg u m en t o f a  sm all crab , a ttac h in g  itself by  the  first 
a n te n n a  (C au llery , 1952). T h e  p arasite  m oults o ff the cyprid  skeleton an d  
ap p ears  as a  tin y  b lob  from  w hich develops a  th in  chitinous d a rt-sh ap ed  tu b e  
w h ich  is forced th ro u g h  a  w eak  p o in t in  the  c ra b ’s in teg u m en t (e.g. the  basal 
a r ticu la tio n  o f a  h a ir)  an d  th ro u g h  w hich the  p arasite  injects itself in to  th e  host. 
T hose  cyprids th a t  do  n o t settle n ea r  a  w eak p o in t in  the  in teg u m en t die.

T h e  p ara s ite  grow s a n d  develops a  netw ork of th reads w hich  ram ify  th ro u g h  
the  b ody  o f th e  host to absorb  food. I n  so do ing  it delays th e  accu m u la tio n  of 
food reserves w ith in  the  c ra b  a n d  consequently  th e  la tte r ’s m o u lt cycle 
(Passano, i9 6 0 ; see C ro thers, 1967). W hen  th e  host m oults aga in , p erhaps 
n in e  m onths afte r infection, the  p a ras ite  is n ea rly  m a tu re  a n d  appears ex ternally  
u n d e r  the abd o m en .

O n  first a p p e a ran c e  th e  v isceral mass (or externa) is sm all, 1-4  m m . long, 
an d  w h ite  in  co lo u r; b u t it  soon grows an d  darkens. T h e  ex terna  is a n  elongated  
sac usually  a tta c h e d  n ea r  th e  base o f the c ra b ’s abdom en , fo rcing i t  open  in  the  
sam e w ay  as th e  fem ale c ra b ’s egg p lug  unfolds h e r ab d o m en ; a lth o u g h  the 
p a ras ite  ex te rn a  is never as la rg e  as an  egg plug. I t  con tains a  nerve ganglion  
a n d  tw o sm all testes b u t m ost space is occupied by  ovaries w hich shed  th e ir  
p ro d u cts  in to  th e  cen tra l (palliai) cavity , opening  ex ternally  b y  a  visible pore 
(C au llery , 1952). C rabs w ith  young, w h ite , ex ternae ca n  b e  found th ro u g h o u t 
the y ear b u t a re  m ost num erous in  A ugust/S eptem ber, im ply ing  m ax im u m



P i

XjijBOO]

U O IJ B D y tS S B p

uopdposop

Pi

S'
&
p

CUm

i M i “tí oi.3 ë lS P  3 lû,M§ OP, O >v0
K n S ^

tí r~Jo o S
I s § s 
g a
* M  ?■~‘ o  , .  C
vi rö> tí °

ä  ^ c £•-3 o iS
e ? J  «

c ° 
§ 1

I s
I bo >5p
m § 2 c 2

P i ^  u  tí o

■a.

o

c « 
■B £  a"3á t í
s  ° l  
S S

bo V
.S « S R

o s

s  >•
1 -3

¿ 5  co2 tí.a<->Æ X5
u I<u n+j y 
tí co<U <U

M

“ i  bbo S w w S.S

ttí
fi

■s.

CD CO

M
ic

ro
ph

al
lu

s 
sim

ili
s 

Pl
at

yh
el

m
in

th
es

 
A

du
lt 

in 
gu

lls
 : 

ce
rc

ar
ia

 
in 

En
cy

ste
d 

m
et

ac
er

ca
ria

e 
Pl

ym
ou

th
 

{—
Ce

rca
ria

 
ub

iq
ui

ta
) 

ga
st

ro
po

ds
 

{L
itt

or
in

a 
sa

xa
til

is 
an

d 
in 

di
ge

sti
ve

 
gl

an
d—

an
d 

(c
er

ca
ri

a)
(=

Sp
el

ot
re

m
a 

ex
ce

lle
ns

) 
Hy

dr
ob

ia
 

ulv
ae

) 
: 

pr
ob

ab
ly

 
ot

he
r 

tis
su

es
 : 

Da
le

 
(a

ll 
st

ag
es

)
m

et
ac

er
ca

ria
 

in 
cr

ab
s 

(a
lm

os
t 

pr
ob

ab
ly

 
do

es
 l

itt
le 

ha
rm

 
A

ng
le

se
y 

(a
du

lt)
al

w
ay

s 
C.

 m
ae

na
s) 

to 
the

 
cr

ab
 

Sw
an

se
a 

(a
du

lt)



u O -p O O'- 0 ^  Pce y o  o.-—

d -d  tí tí o S _« p -S S 1

bD S S 2bp-M -S tí Pi 3̂ Cu Pe

1 1
lá
<

■oto r^co -  co io os

t i  m
¡5\S 

■S «  S
O S.O

o  13 3  £  
t í P n Q o i S ü i q

£

0 V
1

s00 tí>■
Oh
g0 0 .3H-*tí -013ô tí S-.Otí —•m(1) 1 iS

a; ^
i *  % &= i

^  o  .2  o  O <Ctí >1^2

B-u 3 0tí oC m

ü  » d  ¿3 tí tí c  > ^ tí u o

M p/3 bflPi o  tí

tí
tí Pd 

■d V  o  Oh 
% ‘u  O fc.>H ■—-C U

G Jf* rtí
•55̂  S  03 t3 °tí pq
PQ P i

TJo
.tí
—
.tí
> •

S  o
§.1S ' 3Pi Ë

'-s-S 0 2

Í3.S
& |  
<  £

tí o

••* V ̂
S ' S ”IO C —'
5 ö ^
g |  «

s i sü  ^ . s_ O -X«3« (J
X g  Pi

S3 Í
£  2 ?  
Ê - ?  

- t í  'S " .,
ü  8 g
lO'- o''í i

' « 'S ‘2
S i 3 -

t s ¿ ?vT'ö 2? o tí 05 rtí tí tí,
3  «tí O r¡o g O

.—. tí  i-,

. £  en■si Cj>1nQ J"\ao
QJ ,
g |H 

« f f i S

3 ^w  es • «

3-~-tí ¡- —- p. -tí tí tí

PP-3.5 3,.« ’o  __N ^O  O
—'  ° s  o? O
ááS<-S  «coaJ a* .■o tí. 

X
.3 tí 

^ £ o P ¿

¡s”l
< ^ . g ^
O  tí- tí o wCO tí< tí- . .c o i  O)
¡r§J
Ji JS .«13'V V ̂  o

S Q $ -5—I ^~. e s  O



6 o 4 J .  H .  C r o t h e r s

in fection  in  N ovem ber/D ecem ber. T h e  ex te rn a  stead ily  darkens from  w hite  
th ro u g h  shades o f  yellow, grey, a n d  b row n . All d a rk  d row n  ex ternae  a re  m ore 
th a t six m on th s o ld  (Foxon, 1939), i.e. 15 m onths afte r infection.

T w o  o r m ore  parasites in  one host w o u ld  m e an  less food for each  a n d  a 
g rea te r  chance  of th e  host dying before com pletion  o f  the  p arasite  life cycle. T h e  
develop ing  S. carcini secretes a  toxin  w h ich  circu lates in  th e  haem olym ph  o f the 
c ra b  (F lo rk in , i960) an d  p resum ably  kills la te r  infectors. T h e  very  occasional 
d o u b le  o r tr ip le  infections m ay  be the resu lt o f sim ultaneous a ttac k  o n  the  host 
by  tw o (or th ree) cyprids, ne ither (none) o f  w h ich  is ab le  to  assert m aste ry  over 
th e  o ther(s). E xam ples o f sim ilar m echan ism s for red u c in g  intra-specific 
com petition  a re  know n am ongst insect parasito id s  (Salt, 1961).

W h e n  Sacculina parasitises Macropipus holsatus the  ex te rn a  shrivels an d  drops off 
afte r a  sh o rt b reed ing  season, leav ing  a  b lack en ed  scar a n d  s tu m p  (D ay, 1935). 
C. maenas m a y  often  be found w ith  sim ilar scars b u t  F oxon  (1939) suggests a  
d iffe ren t cycle in  this species. Sacculinised crabs a re  found  th ro u g h o u t the  y ear 
an d  som e w ith  d a rk  b row n  ex ternae a re  found  w ith  encrusting  organism s 
p rov ing  (in  th e  C lyde) th a t they  have n o t m o u lted  for u p  to  a  year. Foxon thus 
suggests th a t  th e  ex terna  persists for a  considerab le tim e, p ro d u c in g  la rvae 
w henever th e  conditions a re  favourable. O ccasionally  i t  m ay  suffer acciden ta l 
dam ag e a n d  fall off, leaving the b lackened  scar, b u t F oxon  suspects th a t they 
can  b e  reg e n era te d  (a lthough  in  a q u a ria  d am ag e  to  the  ex te rn a  usually  leads to 
the  d e a th  o f th e  c rab ). T h e  cycle m ig h t b e  d iffe ren t in  D en m a rk  for R asm ussen 
(*959) n o ted  behav iou ra l differences betw een  crabs w ith  ex ternae  a n d  those 
w ith  scars. N o  differences in  d istribu tion  w ere  a p p a re n t in  D ale  R oads.

A  m u c h  docum en ted  effect o f S. carcini is th e  m odification  o f  the  m a le  host 
tow ards th e  fem ale condition . T h e  effect o f  the  p arasite  is th a t  o f rem oving  the 
an d ro g en ic  g lan d  (C h arn iau x -C o tto n , i9 6 0 ; see C ro thers, 1967). I n  a  no rm al 
m ale  th e  sustained  allom etric  developm ent o f secondary  sexual ch arac ters  is 
d u e  to  h igh  concen tra tions of th e  and rogen ic  horm one. T h e  p ara s ite  rem oves 
th is h o rm o n e  an d  stim ulates the  g lan d  to  such  excessive secretion  a n d  en large­
m e n t th a t  i t  finally  degenerates. Loss o f th e  horm one m eans loss o f all m ale 
ch a rac ters , inc lud ing  sperm atogenesis, b u t  of course the  ex terna l features 
ca n n o t ch an g e  un til th e  m oult. A t the  n ex t (last) m o u lt th e  ex terna l characters 
o f th e  c ra b  rev e rt tow ards th e  fem ale fo rm , the  degree o f reversion p resum ably  
in d ic a tin g  th e  sta te  o f the  androgen ic  g la n d  a t  th e  tim e o f  m ou lt. A ll degrees 
o f change , from  sligh t a lte ra tions in  th e  p roportions o f th e  legs to  com plete 
fem aleness (setous pleopods in  p lace  o f styles, seven jo in ted  ab d o m en , etc.) can  
be fo und  in  all sizes o f host. B u t th e  la rg e r th e  crab  the less liab le  h e  is to m odi­
fication , a n d  the  sm aller h e  is th e  g rea te r th e  a m o u n t o f m odification  th a t m ay  
occur (Foxon , 1939).

C hanges in  b ehav iou r m a tch  th e  changes in  ap p e aran c e  (e.g. Rasm ussen,
1959). T h e  sacculinised c ra b  behaves to its ex terna  as a  fem ale does to  h er egg 
p lug , ca rry in g  o u t all the  c lean ing  an d  a irin g  m ovem ents a n d  usually  adop ts the  
p ro tec tive  “ eisenchutsreflex”  on  being  h an d led . T h e  offshore m ovem en t o f 
sacculinised a n d  b erried  crabs was no ted  on  p. 590.

T h e  occu rrence o f d a rk  b ro w n  ex ternae  on  sm all (first y ear size) crabs, and  
w h ite  ex ternae  on  la rg e  (fou rth  y ea r  size) hosts requ ires ex p lana tion  if, as 
C au lle ry  (1952) claim s, only  sm all crabs a re  infected. D elage (1884) claim s th a t
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the  u n d iffe ren tia ted  b lob can  rem a in  in  an  em bryon ic  sta te  w ith in  the c ra b  for 
20 m onths— b u t th is  in  no  w ay  explains w hy it  som etim es develops im m edia te ly  
an d  a t  o ther tim es is delayed.

Associates
As n o ted  on  p. 591 the  in teg u m en t o f o lder c rab s often becom es encrusted  

w ith  organism s (T a b le  13). T h ey  p ro b ab ly  do little  h a rm  to the  c rab  u n til they

T ab le  13. The epifauna that may encrust the integument o f  some C. m aenas.

Species (4) Breeding season Settlem ent Longevity

Protozoa: Vorticellidae 
Zoothamnium hydrobiae 

A nnelida: Serpulidae 
Pomatoceros triqueter

Spirorbis tridentatus 
Spirorbis pagenstecheri 

C rustacea: Balanidae 
Balanus crenatus 
Elminius modestus

M ollusca: M ytilidae 
Mytilus edulis 

Mollusca : Anomiidae 
Anomia ephippium 

C hordata : Ascidiidae 
Ascidiella scabra 

C hordata: M olgulidae 
Molgula manhattensis 

C hordata: Styelidae 
Botryllus schlosseri 
Botrylloides leachi

all year 
(mainly 

M arch/A pril) (5)

Feb.-N ov. 
all year b u t a t a 
reduced ra te  in 

w inter

sum m er/autum n (3) 
sum m er/autum n (3)

April-Aug. 
all year bu t m inim al 

in  early spring ( 1 )

18 months (1)

A pril-June  (5) June-A ugust (2)

M ay-N ovem ber (5)

all year (5)

June-N ovem ber (5)
Ju ly -O cto b er (5)

References: (1) Bassindale (1964); (2) Bayne (1964); (3) Crisp, Bailey and  Knight-Jones 
(1967); (4) Crothers (1966); (5) M arine Biological Association (1957).

seriously increase its w eigh t o r im pede  m ovem ent. O rganism s hav ing  a  sho rt 
period  o f se ttlem en t each  y ear p rov ide the  investigator w ith  a n  in d ic a tio n  of the 
m in im um  tim e elapsed since th e  la st m oult. In  th e  C lyde Balanus crenatus is 
p articu la rly  useful, fo r a  crab  b ea rin g  this b a rn ac le  h as n o t m o u lted  since A pril 
an d  one b ea rin g  tw o generations n o t for m ore th a n  a  year. I n  sou thern  
B rita in  th e  b a rn a c le ’s b reed ing  season is ex tended  an d  it  is n o t a  useful 
in d ica to r (o f c ra b  m oulting) a t  D ale.

Competitors
T h e  D ale  F o rt M a rin e  F a u n a  (C ro thers, 1966) lists 29 o th er c rab  species in  

localities w here  a t least som e C. maenas a re  found. M a n y  of th e m  (especially 
o th e r P o rtu n id a e ; a n d  see M u n tz  et al., 1965) will ea t sim ilar food so th e re  is a  
possibility o f in terspecific com petition  for food. D a ta  from  th e  trap p in g  pro-
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g ram m e in  D ale  R oads show (C ro thers, in  prep) th a t  th e  various species have 
slightly  d iffe ren t h a b ita t preferences th a t  serve to keep them  a p a r t. Essentially 
C. maenas is a  c rab  of sheltered  rocky shores, estuaries, a n d  she lte red  shallow  
offshore w ate r. I t  is rep laced  in  m ore exposed rocky  areas (on an d  off-shore) by 
Macropipus puber, Cancer pagurus, Pilumnus hirtellus a n d  Xantho incisus-, on  sandy 
bo ttom s b y  Corystes cassivelaunus o r Portumnus latipes a n d  o th e r  Macropipus species, 
especially  M . depurator a n d  M . holsatus.

I n  D ale  R oads C. maenas was b y  far th e  m ost a b u n d a n t species trap p ed . I t 
can  b e  a rg u ed  (C ro thers, in  p rep .) th a t if  there w as an y  com petition  betw een 
species C. maenas w ould b e  m ore likely to  res tric t th e  d is trib u tio n  o f  the  o ther 
species th a n  vice versa, a n d  th a t it  is h igh ly  p ro b ab ly  th a t in tra-specific com ­
p e titio n  is m u ch  m ore im p o rta n t— w itness the  300 crabs in  a  single tra p  en tering  
a t  a  ra te  o f one every 90 seconds.

S u r v i v a l  o n  t h e  s h o r e

C. maenas is distinguished from  o th er B ritish  crabs by  its ad a p ta tio n  to  the  
shore h a b ita t. T h is  section considers som e o f the  m o re  im p o rta n t adap ta tions.

Tolerance o f Semi-Terrestrial Conditions
W h e n  S ection  A  crabs a re  trap p e d  a t  low  tide  in  sm all pools in  w hich the 

oxygen con cen tra tio n  is rap id ly  red u ced , they  com e to the  edge o f  the  pool 
an d  raise the ir fronts so th a t the  an te r io r  opening o f th e  gili cham bers is above 
the  surface of th e  w ate r. T h e  scaphognath ites b ea t no rm ally  a n d  a  stream  
o f  w a te r  ca n  b e  seen ru n n in g  o u t o f th e  opening. W h en  the  b e a t is reversed 
(A ru d p rag asam  a n d  N ay lo r, 1964a) a ir  is p u m p ed  in to  the  gili cham bers a n d  
oxygenates the  w a te r  inside, som e o f i t  em erging th ro u g h  the  sam e opening 
an d  th e  rest th ro u g h  M ilne E dw ards’ open ing  (in  e ith e r case p ro d u c in g  the 
fam ilia r b u b b lin g  no ise).

G rabs in  burrow s on  a  sa lt m arsh  w ill n o t be covered by  th e  sea every tide. 
Som e burrow s co n ta in  pools o f w ate r b u t  m an y  do  n o t a n d  th e  crabs m ust 
rem a in  o u t of w ate r for several days a t  a  tim e over n ea p  tides. I  have k ep t a  
y o ung  c ra b  in  m oist a ir  for ten  days w ith o u t ill-effect so th a t p rov ided  the  a ir 
in  th e  burrow s rem ains d am p  an d  cool th e  crabs should  survive. T h e  galleries 
excava ted  (see p. 588) w ere usually  d a m p  to to u ch  an d  ap p rec iab ly  cooler 
(190 G. decreasing  inw ards to  15 -5° C.) th a n  either th e  a ir  ou tside (2 1 -2 2 0 C.) 
o r the  w a te r  in  a  n ea rb y  d ra in ag e  ch an n e l (220 C .).

O th e r  B ritish crabs do  n o t usually  com e above m ean  tide  level (m any  never 
com e on  th e  shore a t  all) a n d  m ost species d ie in  a  few hours o u t o f  w ater. 
S urv ival depends on  efficient gaseous exchange. O u t of w ate r th e  gili cham bers 
fill w ith  a ir  (crabs th a t  have been k ep t o u t o f w ate r float w hen  p u t  back  in ) . I f  
the  gills d ry  ou t the  lam ellae  collapse, g rea tly  reduc ing  th e  surface ava ilab le for 
gaseous exchange, a n d  the  c rab  dies.

F o re ig n  sem i-terrestria l crabs (e.g. Grapsus, Ocypode, Potamon a n d  Uca) re ta in  
som e w a te r  in  th e ir  gili cham bers w hen  o n  la n d  an d  ae ra te  it  b y  vigorous b e a t­
ing  o f th e  scap h o g n a th ite  (W olvekam p a n d  W ate rm an , i9 6 0 ). P erhaps 
C. maenas can  do likewise, w hilst o th e r B ritish  crabs a re  perh ap s u n a b le  to  re ta in  
sufficient w a te r  in  th e ir  gili cham bers.
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Tolerance o f  Reduced Salinity
C rustacea evolved in  th e  sea a n d  developed a  physiology to  function  in  sea 

w ater. T h e  b ody  fluids (haem olym ph  an d  urine) o f a  n o rm al m arin e  cru stacean  
a re  a t  th e  sam e co n cen tra tio n  as (isosmotic to) th e  sea w a te r  an d  th e  in te g u ­
m en t, especially over the  gills, is p erm eab le  to  b o th  salts a n d  w ate r. W h e n  such 
a n  an im al is p laced  in  brack ish  (or fresh) w ater it  swells u p  w ith  w ate r en tering  
the  body  by  osmosis from  th e  m edium . T o  co u n te r this in v o lu n tary  u p tak e  
som e anim als ca n  increase th e  vo lum e of u rin e  excreted , b u t in  so do ing  they 
excrete  a  flu id  m o re  co ncen tra ted  th a n  th a t en te rin g  b y  osmosis (the u rin e  is 
isom otic to  th e  haem olym ph  n o t to the  m edium ) a n d  th e  ionic con cen tra tio n  
w ith in  th e  b o d y  falls. U nless th e  an im al can  m ake good th is loss it w ill die, for 
m ost an im al tissues can  function  norm ally  only w ith in  a  narro w  ran g e  o f ionic 
concentra tions.

T h e re  a re  a  n u m b e r o f recen t reviews (e.g. P o tts an d  P arry , 1964) an d  
sim ple accounts (e.g. Lockw ood, 1963) for those w ho w ould  rea d  fu rth e r  on 
this subject.

C. maenas, u n lik e  o th e r  B ritish crabs, is ab le  to  to le ra te  a  w ide ran g e  of 
ex terna l salinities (from  4%0 to  34%0 or h igher: B roekhuysen, 1936) because it  
can  m a in ta in  its in te rn a l (haem olym ph) co n cen tra tio n  above th a t o f the  
m ed iu m  an d  because its tissues con tinue to  function  dow n to a n  ionic concen­
tra tio n  equ iva len t to  60 p er ce n t sea w ater. M a in ten an ce  o f a  haem olym ph  
con cen tra tio n  above th a t  o f the  d ilu te  m ed iu m  is assisted by  a  red u ced  p er­
m eab ility  to  salts a n d  w ate r as com pared  w ith  o th e r B ritish crabs, b u t  still 
requires the  ac tive  u p ta k e  o f ions (N a+ , K + , C a + + , an d  C l- ) from  the  m ed ium  
to m ake good losses b y  diffusion a n d  excretion. B u t even in  full sea w a te r  som e 
u p ta k e  is necessary  to  m a in ta in  th e  ionic steady  sta te  betw een  haem olym ph  an d  
m ed iu m  (see C ro thers, 1967) so th a t the  c rab  has a  m echanism  for active 
u p tak e , only req u ir in g  increased  efficiency to  function  u n d e r es tuarine  con­
ditions.

U p ta k e  requ ires th e  ex p en d itu re  o f m etabolic  energy— w itness the  increased 
oxygen consum ption  of th e  c ra b  in  d ilu te  m ed ia  (F lorkin , i9 6 0 )— an d  energy 
used in  stay ing  alive is energy  n o t ava ilab le  for finding food or escaping from  
p reda to rs . C onsequen tly  crabs w ith  o th er dem ands on  th e ir  resources, e.g. 
fem ales in  b e rry  a n d  p arasitized  crabs, do n o t usually  en te r b rack ish  w a te r  o r 
stay  o n  th e  shore  in  section A ; a n d  all crabs find  it h a rd e r  to  survive th e re  in  
w in ter.

T h e re  is a  m ax im u m  ra te  o f ion ic u p ta k e  (Shaw , 1961). I f  the  ra te  o f ionic 
loss exceeds the  ra te  o f u p ta k e  th e  an im al dies. Carcinus can n o t live long  in  
fresh w ater.

T h e  ab ility  to  w ith stan d  b rack ish  conditions is an  im p o rta n t p rerequ is ite  for 
life o n  the  shore  a n d  is n o t m ere ly  a n  ad a p ta tio n  to  es tuarine life, for heavy  
ra in  a t  low  tid e  ca n  quickly  d ilu te  an y  pool. Section A  crabs m ay  alw ays have 
to  w ith stand  sho rt periods o f n ea rly  fresh w ater.

Protective Coloration
C. maenas is cam ouflaged , a n d  the  cam ouflage changes w ith  the  behav iou ra l 

p a t te rn  of the  crab . L iv ing  in  a  m ore  variab le  env ironm ent th a n  o th e r  British
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crabs it is also m ore variab le  in  colour. T h e  d ark  g reen  a d u lt  on  the  shore hides 
in  d a rk  green ligh t u n d e r th e  fucoids. T h e  re d  ind iv iduals from  deeper w ater 
(see p . 592) w ill a p p e a r d ark  b row n in  a  d a rk  b ro w n  env ironm en t (for red  ligh t 
is a lm o st com pletely  absorbed  in  th e  surface 5 m . o f the  sea; L evring, 
1966). S m all ind iv iduals on th e  shore often  show dazzle p a tte rn s  o f red , b lack 
an d  w h ite  patches on  a  g reen  b ack g ro u n d  w hich m akes th e m  h a rd  to  distinguish  
am ongst gravel a n d  shell fragm ents. Cancer pagurus, the  nex t com m onest “ shore”  
c rab , occasionally  shows d isrup tive w h ite  patches w hen  sm all, b u t never to  th e  
sam e ex ten t.

T h e  visible co lour o f th e  c rab  is due to  ch rom atophores a n d /o r  the  p igm ented  
layers o f th e  cuticle. I n  la rva l (Pautsch , 1961) a n d  young  c ra b  (Pow ell, 196212) 
stages th e  ch rom atophores a re  a ll-im p o rtan t. T h e  th ree m onochrom atic  types 
— red , w h ite  an d  black— show (1) a  b ac k g ro u n d  (albedo) response w ith  the  
b lack  chrom atophores expand ing  on a  d a rk  b ackg round , (2) a  tem p era tu re  
response in  w hich th e  crab  becom es lig h te r w ith  increasing  tem p era tu re , a n d  
(3) a  d ay /n ig h t response m aking  the  an im a l d a rk e r  by  d ay  an d  ligh ter by 
n igh t.

T hese  responses can  be observed in  all sm all crabs b u t the  tim e req u ired  for 
change increases w ith  age (size) from  h a lf  an  h o u r  to  several days. M oreover, 
as th e  ch rom atophores lie in  the  hypoderm is, they  becom e m asked  by  the 
increasing  thickness o f cuticle overlying them . N o  changes can  be observed in  
dark  ind iv iduals m ore  th a n  35 m m . across, a lth o u g h  som e responses a re  still 
possible in  yellow /green crabs b u t m a y  take  several days (S tephenson a n d  
S tew art, 1946). In  m ost ad u lts  the  ch rom atophores rem a in  fully expanded  
(Pow ell, 19620; S tephenson  a n d  S tew art, 1946).

T h e  early  c rab  stages (b u t n o t the  m egalopa) show a  defin ite  “juven ile  
p a t te rn ”  o f ligh t a n d  d ark  bands across the  legs (Pow ell, 1962a). A ll young  
C. maenas show  th is p a tte rn  irrespective of h a b ita t, b u t those from  ligh t b ack ­
g rounds (sandy  shores) re ta in  i t  longer— up to a  ca rap ace  w id th  o f 25 m m .—  
th a n  those from  d ark er, rocky shores in  w hich  it  often d isappears long before 
they  rea ch  15 m m .

A dults  ca n n o t use th e ir  ch rom atophores to change colour b u t slow p igm ent 
changes a re  still possible in  the  o u te r layers o f  the  cuticle. T hese  o u te r layers 
m ay  b e  eroded  aw ay  in  old crabs revealing  th e  w hite  calcified layer, w hich 
confirm s th a t su b -cu ticu la r p igm ents c a n n o t affect ex ternal colour. A  m e lan in ­
like p ig m en t is responsible for black, b u t  m ost o f these b ody  colours a re  p ro ­
d u ced  by  caro tenoids. T h e  p u re  p igm ents give reds, w hilst brow ns, greens, a n d  
blues resu lt from  com binations w ith  p ro te ins to give ca ro tenopro te ins or 
ch rom opro te in s (N icol, i960). O n  boiling  or p reserva tion  (in  alcohol or 
form alin) the  caro ten o p ro te in  breaks dow n an d  releases the  red  p igm ent.

C aro teno ids ca n  on ly  b e  synthesized b y  p lan ts. T h e  c rab  m ain ta in s  its 
supplies by  ea ting  o th e r  organism s con ta in in g  carotenoids, b u t it  can  m odify 
the  p igm ents by  ox ida tion  once they  have en tered  the b ody  (F isher et al., 1954; 
G oodw in , i9 6 0 ). T h e  p ig m en t is stored  in  the  hepa topancreas, g iv ing it a  
strong  o ran g e  co lour in  h ea lth y  crabs. I f  a  c rab  is deprived  of caro tenoids, o r 
if  a ll av a ilab le  supplies a re  in  use elsew here in  th e  body  (e.g. in  the  eggs), th e  
h ep a to p an creas loses its colour. F o rm a tio n  an d  b reakdow n of chrom opro te ins 
is u n d e r  h o rm o n a l contro l from  a n  eyestalk horm one. T h e  chrom opro te ins
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dissociate on  rem oval o f th e  eyestalks an d  the  c ra b  th en  tu rns  red  (G oodw in,
i960). P erhaps th e  sam e th in g  hap p en s to  crabs k ep t u n d e r  red u ced  ligh t—  
section C crabs. T h e  possibility exists for a  m echan ism  in  th e  eyestalk to  contro l 
the  red /g reen  b a lan c e  o f the  c ra b ’s b ody  colour in  response to the  ligh t in tensity  
o f the  environm ent.

T h e  orig in  o f those w hite  patches (o ther th a n  w here  th e  p ig m en ted  layer has 
been w orn  aw ay) on  the  ca rap ace  is n o t so easily explained . A m erican  C. maenas 
w ith  asym m etrica l w hite  patches, ap p a ren tly  u n d e r  genetic  co n tro l an d

A

22  mm~ ^

F i g . 4 .
Drawings of the carapace of a  young male, C. maenas, a t three successive moults, showing 

alterations in  shape an d  extent of the white patches.

represen ting  som e 3 p er cen t o f  the  ad u lt an d  juven ile  p o p u la tio n , a re  described 
by  P rovenzano  ( i9 6 0 ). I n  B rita in  sym m etrical m ark ings a re  m ore usual, b u t 
only  on  sm all crabs. E ith e r  these crabs lose th e  m arkings as they  grow , o r young 
crabs w ith  w h ite  m ark ings never grow  u p  ; because of disease ? o r parasitism  ?

T h e  patches a re  d istinctive a n d  a re  m ore or less re ta in ed  a t  each  m oult. 
F ig. 4 shows a  you n g  m ale  th a t reach ed  40 m m . (in  a n  aq u a riu m ) w hilst 
re ta in in g  its w h ite  patches. I  have b een  as y e t unab le  to  keep such  a n  an im al 
u n til it  lost th e  m ark ings, a lth o u g h  the  a re a  seem ed to  b e  decreasing in  the  crab  
illu stra ted  in  F ig. 4. T h e  cast skeleton tu rn ed  red , except for th e  w h ite  areas,
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w hich  suggests e ith e r a  deficiency o f p ig m e n t o r the  presence o f a  substance 
overly ing th e  chrom opro te ins. Som e parasites (e.g. Thelothania) rem ove 
p igm ents from  c rab  tissues (Perez, 1904) so it is p resum ab ly  possible for a  
p a ras ite  to  rem ove sufficient p igm ent to  a lte r  ex terna l colours. O n  the  o ther 
h an d , feeding p a tch e d  crabs on  a  caro ten o id -rich  d ie t has ye t to  cause loss of 
th e  patches. U ric  acid  is one o f the  b e tte r  know n w h ite  p igm ents in  crustacea, 
b u t  if  the  patches w ere p roduced  by  a n  excretory  p ro d u c t w ould  they  n o t be 
d iscarded  a t  the m o u lt?  Y et they  are  p re se n t in  th e  new  in te g u m e n t a t  ecdysis. 
P erh ap s u ric  acid  is n o t a n  excretory  p ro d u c t in  C. maenas.

Rhythmical Behaviour
M a n y  an im als show behav ioural cycles (= rh y th m s ) , usua lly  associated w ith  

seasonal, d ay /n ig h t, o r o th er regu lar p h en o m en a  (H ark e r, 1958, 1964). O f  
special im p o rtan ce  to  shore anim als is the  developm ent o f a  tid a l ac tiv ity  
rh y th m . F eed ing  a n d  all o th er activ ities on  the  shore a re  la rge ly  restric ted  to 
periods o f h ig h  tide  a n d  i t  is im p o rta n t th a t  th e  an im al should  m ake m ax im um  
use o f  this period— hence the  developm ent o f ac tiv ity  peaks in  C. maenas a t  h igh  
tid e  (p. 594). T h e  presence o f such rhy th m s im m edia te ly  distinguishes litto ra l 
from  su b -litto ra l anim als.

C. maenas exhibits locom otory  (N aylor, 1958, i960  a n d  1961; Powell, 1962c) 
a n d  co lour (Pow ell, 1962Æ, b) rhy thm s in  phase w ith  the  d ay /n ig h t cycle, a n d  
locom otory  (N aylor, 1958, 1962 an d  1963; Powell, 1962c) a n d  resp ira to ry  
(A ru d p rag asam  an d  N aylor, 19646) rh y th m s in  phase w ith  the  tides. A lthough  
in  p hase  w ith  ex terna l (exogenous) cycles these a re  in te rn a l (endogenous) 
rhy th m s a n d  persist w h en  the  an im al is k ep t u n d e r  constan t conditions, a lthough  
th e ir  expression m ay  change.

T h e  n a tu re  o f th e  “ clock” contro lling  these p a tte rn s  still defies com plete 
descrip tion . I t  appears to  function  a t  ce llu la r level an d  its n a tu re  is discussed by 
m ost o f the  au tho rs  referred  to in  this section . I t  m u st b e  sim ple in  opera tion  
for, as N ay lo r (1958, i960) stresses, an im als w ith  a  pelag ic  la rv a l stage m ust 
have a  m echan ism  capab le  o f being “ se t”  to  the tid a l reg im e in to  w hich  they 
settle a n d  cap ab le  o f com pensating  for th e  sp ring /neap  cycle. Z o ea  la rvae  have 
no  tid a l rh y th m  b u t quickly  develop a  d ay /n ig h t rh y th m  w hen  h a tch e d  in  a  
n o rm al en v iro n m en t (H ard y , 1956; P au tsch , 1961).

In  th e  sea, env ironm en ta l stim uli con tinually  reinforce th e  endogenous 
rh y th m , the  cycle o f ligh t an d  d ark  v ia  pho to recep to rs a n d  the  tida l cycle v ia 
therm orecep to rs (N aylor, 1963). U n d e r  constan t (labo rato ry ) conditions the 
g en era l fo rm  of th e  rh y th m  persists b u t th e  peaks d rift aw ay  from  th e  norm al, 
re g u la r  cycle a n d  ind iv id u al varia tions ap p ear.

C o n c l u s io n

T h e  accu m u la ted  in fo rm ation  on  C. maenas, sum m arized  h ere  a n d  in  the  
ea rlie r  p a r t  (C ro thers, 1967), points to  m a n y  fields for fu tu re  research . As an  
ecologist I  feei th a t th e  lack  of know ledge ab o u t rela tions w ith  o th er species 
(p re d a to r/p rey  rela tionsh ips, etc.) w arra n ts  m ost a tte n tio n : b u t w hatever the  
re a d e r’s a p p ro a c h  this review  will h av e  served its pu rpose if  it  has posed m ore 
questions th a n  i t  has answ ered.
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co n tribu tions to know ledge in  the various field studies fostered by  the  C ouncil 
— archaeology , b o tan y , geography, geology, a n d  zoology— a n d  w ill include 
an n o ta te d  lists a n d  taxonom ic works o f  local relevance.

T h e  jo u rn a l  will a p p e a r  once annually (revised p rice  25s. post free) a n d  five 
a n n u a l p a rts  w ill constitu te  one V olum e. I t  is ed ited  by  D r J .  D . C arthy  
(Scientific D irecto r, F ie ld  S tudies C ouncil) w ith  a n  advisory  b o ard  consisting o f 
Professor A. R . C lap h am  (C h a irm an ), D r. J .  E . P ren tice , Professor K . M . 
C lay to n  a n d  tw o o f th e  W ardens o f th e  F ie ld  C entres (in  ro ta tio n ).

C o n te n ts  o f  V ol. 2, N o. 5 (N o v e m b e r  1968)
On the Dating o f English Houses from External Evidence . .  . . Sm ith, J .  T ., and  Yates, E. M.

The Biology o f  the Shore Crab (Carcinus maenas) (L .)
2. The Life o f  the adult crab . .  . . . . . . . . . . Crothers, J .  H .

The Distribution and Keys o f  Species in the Family Littorinidae and o f  their Digenean
Parasites, in the region o f Dale, Pembrokeshire . .  . . . . . .  Jam es, B. L.

Bird Communities in the Malham Tarn Region o f the Pennines . . Williamson, Kenneth

The Natural History o f  Spear Thistle-heads . . . . . . . . Redfern, M argaret

F ull p a rticu la rs  o f earlier N um bers w ill b e  sen t on request.

Enquiries and Orders should  be sen t to  :

E. W . Classey L td .,

353, H a n  w orth  R oad ,

H am p to n , M iddx .
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