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D e a r  M r .  K a s p a r :

M a r i n e  E c o l o g i c a l  C o n s u l t a n t s  ( M E C )  i s  p l e a s e d  t o  s u b m i t  t h e  F i n a l
R e p o r t  f o r  t h e  1 9 8 3  S a n d  C r a b  P r o j e c t .  T h e  r e p o r t  p r e s e n t e d  h e r e
b e n e f i t e d  f r o m  r e v i e w s  o f  a n  e a r l i e r  d r a f t  s u b m i t t e d  i n  J u n e  L 9 8 4 .  M E C
c o m p l e t e d  a l l  a g r e e d  u p o n  c h a n g e s .  w h i c h  a r e  f u l l y  i n t e g r a t e d  i n t o  t h i s
r e p o r t ,  w i t h i n  t h e  t i m e  f r a m e  a u t h o r i z e d  b y  t h e  M R C .

T h e  R e p o r t  c o n t a i n s :

( 1 )  V o l u m e  1 ,  w h i c h  i n c l u d e s  a n  E x e c u t i v e  S u m m a r y ,  t h e  r e p o r t
p r o p e r ,  S u m m a r y  a n d  C o n c l u s i o n s ,  a n d  R e f e r e n c e s ;  a n d

( 2 )  V o l u m e  2 ,  c o m p r i s e d  o f  e i g h t  A p p e n d i c e s  g i v i n g  d e t a i l e d
s u P p o r t  t o  i n f o r m a t i o n  p r e s e n t e d  i n  t h e  r e p o r t  b o d y ,  a n d  o n e
A p p e n d i x  w h i c h  p r o v i d e s  a n  a n n o t a t e d  h i s t o r y  o f  s a n d  c r a b  s t u d i e s
t h a t  w e r e  c o n d u c t e d  r e l a t i v e  t o  S O N G S .

T h e  1 9 8 3  s t u d y  d e m o n s t r a t e d  t h a t  s a n d  c r a b  p o p u l a t i o n s  i n  t h e  S a n  O n o f r e
a r e a  d i f f e r e d  f r o m  t h o s e  i n  o t h e r  a r e a s  o f  t h e  s o u t h e r n  C a l i f o r n i a  B i g h t
p r i m a r i l y  i n  t e r m s  o f  f e m a l e  r e p r o d u c t i o n ,  w h i c h  a p p e a r e d  t o  b e  l e i s .
T h e  o c c u r r e n c e  o f  h i g h  p e r c e n t a g e s  o f  f e m a l e s  i n  t h e  S a n  O n o f r e  a r e a
w i t h  c l u t c h e s  o f  s p e n t  e g g  c a s e s  r a t h e r  t h a n  d e v e l o p i n g  e g g s ,  w h i c h  h a d
b e e n  r e p o r t e d  i n  p r e v i o u s  s t u d i e s ,  w a s  o b s e r v e d  i n  1 9 8 3 .  A  q u e s t i o n
s t i l l  r e m a i n i n g  a f t e r  t h e  p r e s e n t  s t u d y  i s  w h e t h e r  o r  n o t  t h e s e  c l u t c h e s
o f  s p e n t  e g g  c a s e s  r e s u l t e d  f r o m  n o r m a l  h a t c h i n g  o f  e g g s  o r  d i s r u p t e d
e g g  m a t u r a t i o n .  A d d i t i o n a l  s t u d y  i s  n e e d e d  t o  c o n c l u s i v e l y  a n s w e r  t h i s
q u e s t  i o n .

R e s u l t s  o f  t h e  1 9 8 3  s t u d y  s h o w e d  t h a t  m u c h  o f  t h e  v a r i a b i l i t y  a m o n g
b e a c h  s i t e s  i n  t h e  m e a s u r e d  a t t r i b u t e s  o f  s a n d  c r a b s  c o u l d  b e  a c c o u n t e d
f o r  b y  c o r r e l a t i o n s  w i t h  t h e  p h y s i c a l / c h e m i c a l  e n v i r o n m e n t  o f  t h e  b e a c h
h a b i t a t s .  H o w e v e r ,  i t  m u s t  b e  e m p h a s i z e d  t h a t  c o r r e l a t i o n  d o e s  n o t
d e m o n s t r a t e  c a u s a l  r e l a t i o n s h i p  a n d  a d d i t i o n a l  w o r k  w i l l  h a v e  t o  b e
d o n e  b e f o r e  c a u s a l  r e l a t i o n s h i p s  c a n  b e  e s t a b l i s h e d .
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F i n a 1 l y ,  w i t h o u t  m e t a l  a n d  n o n - r n e t a l l i c  p o l l u t a n t  d a t a ,  w e  w e r e  u n a b l e
t o  d e t e n n i n e  w h e t h e r  p o l l u t a n t s  w e r e  r e l a t e d  t o  t h e  s a n d  c r a b
a t t r i b u t e s  t h a t  d i f f e r e d  b e t w e e n  b e a c h  s i t e s  n e a r  S O N G S  a n d  o t h e r  b e a c h
s i t e s  t o  t h e  n o r t h  a n d  s o u t h .  W e  d i d  f i n d  t h a t  t h e  s a n d  c r a b  a t t r i b u t e s
t h a t  p r e v i o u s  i n v e s t i g a t o r s  h a d  s u g g e s t e d  w e r e  p o t e n t i a l l y  r e l a t e d  t o
m e t a l s  c o u l d  b e  a t t r i b u t e d  t o  n a t u r a l  e n v i r o m n e n C a l  f a c t o r s .

S i n c e r e l y ,

ArU,*fry'8".W
Ar thu r  M .  Ba rne t t
P r i nc i pa l  I nves t i ga to r

I



t
I
t
t
t
t
I
I
I
I
t
t
t
I
I
I
I
I
I

EXECUTIVE SUMMARY

The sand crab Emer i ta  analoga,  a  prominent  component  of  the open

sand  beach  commun i t y  ad jacen t  t o  SONGS,  was  i nves t i ga ted  re la t i ve  to

SONGS du r i -ng  L976-L977  (Auyong ,  1981)  and  du r ing  1980-L982  (Wenner ,

1980 ;1982 ) .  These  s tud ies  sugges ted  t ha t  sand  c rab  popu la t i ons  nea r

SONGS were d i f ferent  f rorn those far ther  away.  The Mar ine Review

Commi t tee  (MRC)  commiss ioned  a  s tudy  i n  1983  to  de te rm ine  whe the r  o r  no t

th i s  d i f f e rence  was  s ign i f i can t  when  the  va r iab i l i t y  among  popu la t i ons

f rom seve ra l  d i f f e ren t  beaches  i n  sou the rn  Ca l i f o rn ia  was  cons ide red .

I f  SONGS beach  s i t es  were  found  to  be  s ign i f i can t l y  d i f f e ren t  poss ib le

exp lana t i ons  were  to  be  exp lo red .  Th i s  repo r t  p resen ts  the  f i nd ings  o f

the  1983  s tudy ,  conduc ted  fo r  t he  MRC by  Mar ine  Eco log i ca l  Consu l tan ts

(MEC) .

Th is  s tudy  s ta t i s t i ca l l y  compares  sand  c rab  popu la t i ons  a t  f i f t een

beaches  i n  sou the rn  Ca l i f o rn ia ,  i nc lud ing  s i x  s i t es  samp led  i n  the

ea r l i e r  s t ud ies  (Auyong ,  1981 ;  Wenne r ,  1980 ,  L982 ) .  Th ree  su rveys  we re

made  du r ing  the  season  ( June ,  Ju1y ,  Augus t )  when  sand  c rabs  were  mos t

abundant  and breeding on the beaches.  Quant i ta t ive random or

s t r a t i f i ed - random samp l i ng  s t r a teg ies ,  w i t h  r ep l i ca t i on ,  we re  used  t o

con t ro l  f o r  w i th in -beach  va r ia t i on .  A11  beach  s i t es  were  samp led

w i th in  a  fou r  o r  f i ve  day  pe r iod  to  con t ro l  f o r  sho r t - t e rm tempora l

va r ia t  i on .

Var iab les  were  measured  to  cha rac te rLze  bo th  the  phys i ca l -

chemica l  env i ronmen t  and  the  po ten t i a l  f ood  resou rce  fo r  sand  c rabs  a t

each  beach  s i t e .  I n  add i t i on ,  sand  c rab  popu la t i on  a t t r i bu tes  we re

examined  tha t  re la ted  to  abundance ,  s i ze  d i s t r i bu t i on ,  f ema le

rep roduc t i on ,  and  gene t i cs .  To  p rov ide  con t i nu i t y  w i th  the  p rev ious

s tud ies ,  a t t r i bu tes  o f  s i ze  d i s t r i bu t i on  and  rep roduc t i on  exam ined  i n

pas t  s tud ies  were  re -examined  when  app rop r ia te .
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The abundances  o f  ma le  and female  sand c rabs  appeared lower  a t

b e a c h  s i t e s  w i t h i n  L 2  k m  o f  S 0 N G S  i n  J u n e  r e l a t i v e  t o  o t h e r  s i t e s ,

s e e m i n g l y  a s  a  r e s u l t  o f  b o t h  a  d e l a y  i n  r e c r u i t m e n t  o f  p l a n k t o n i c  y o u n g

a n d  a  d e l a y  i n  c o l o n i z a t i o n  b y  j u v e n i l e s  a n d  a d u l t s  f r o m  t h e  s u b t i d a l

z o n e .  I n  J u l y  a n d  A u g u s t ,  t h e  a b u n d a n c e s  o f  m a l e s  a n d  f e m a l e s  a t  s i t e s

w i t h i n  1 2  k m  o f  S O N G S  w e r e  w i t h i n  t h e  v a r i a t i o n  f o u n d  e l s e w h e r e .

S i z e  a t t r i b u t e s  a p p e a r e d  t o  b e  r e l a t e d ,  d t  l e a s t  i n  p a r t ,  t o

d i f f e r e n c e s  i n  r e c r u i t m e n t ,  p r e s e n c e  o f  o v e r w i n t e r e d  i n d i v i d u a l s  i n  t h e

p o p u l a t i o n ,  a n d  i n i t i a t i o n  o f  r e p r o d u c t i o n .  C o n s e q u e n t l y ,  s i z e s  o f

s a n d  c r a b s  a t  b e a c h  s i t e s  n e a r  S O N G S  t y p i c a l l y  f e 1 1  w i t h i n  t h e  v a r i a t i o n

f o u n d  a t  o t h e r  b e a c h  s i t e s .  H o w e v e r ,  f e w e r  l a r g e  o v e r w i n t e r e d

i n d i v i d u a l s  w e r e  g e n e r a l l y  f o u n d  a t  s i t e s  w i t h i n  1 5 . 5  k m  o f  S O N G S .

T h e  p r i n c i p a l  s a n d  c r a b  b r e e d i n g  s e a s o n  i n  1 9 8 3  s p a n n e d  a b o u t  t w o

m o n t h s  ( A u g u s t  -  S e p t e r n b e r ) ,  w h i c h  i s  s h o r t e r  t h a n  p r e v i o u s l y  r e p o r t e d .

T h i s  m a y  h a v e  b e e n  r e l a t e d  t o  t h e  a t y p i c a l  E l  N i n o  c o n d i t i o n s ,  w h i c h

caused h igh  cobb le  cond i t ions  on  some beaches in  ear ly  summer  and

r e d u c e d  o v e r a l l  p r i m a r y  p r o d u c t i o n .

W i t h i n  L 2  k m  o f  S O N G S ,  t h e  f r a c t i o n  o f  r e p r o d u c t i v e  f e m a l e s

( b e a r i n g  e i t h e r  e g g s  o r  s p e n t  e g g  c a s e s  o r  b o t h )  g e n e r a l l y  w a s  l o w e r

t h a n  a t  b e a c h  s i t e s  e l s e w h e r e .  A I s o  t h e r e  w a s  a  d e c r e a s e  w i t h  p r o x i m i t y

t o  S O N G S  i n t h e  f r a c t i o n  o f  t h e  s p e n t  f e m a l e s  ( 8 - 1 3  m m  c a r a p a c e  l e n g t h )

p r e p a r i n g  t o  b r o o d  a g a i n  i n  A u g u s t .  T h i s ,  t o g e t h e r  w i t h  t h e  l a t e  s t a r t

o f  t h e  r e p r o d u c t i v e  s e a s o n  a t  S O N G S  b e a c h e s ,  i n d i c a t e s  t h a t  f e m a l e s

w i t h i n  L Z  k m  o f  S O N G S  p r o d u c e d  f e w e r  c l u t c h e s  o f  e g g s  t h a n  a t  s i t e s

e l s e w h e r e .

R e p r o d u c t i v e  f e m a l e s  w i t h i n  1 2  k m  o f  S O N G S  d i f f e r e d  f r o m  t h o s e  a t

m o s t  o t h e r  s i t e s  i n  t h a t  t h e y  p r e d o m i n a n t l y  c a r r i e d  c l u t c h e s  c o m p r i s e d

o f  s p e n t  e g g  c a s e s  i n  A u g u s t  a n d  S e p t e m b e r .  H i g h  p e r c e n t a g e s  o f  s p e n t

t 1
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f e m a l e s  a l s o  o c c u r r e d  a t  H e r m o s a  B e a c h  ( 1 0 0  k m  N )  a n d  V e n i c e  B e a c h  ( 1 1 5

k m  N )  i n  S e p t e m b e r .  R e p r o d u c t i v e  f e m a l e s  a t  o t h e r  s i t e s ,  a n d  a t  H e r m o s a

B e a c h  i n  A u g u s t ,  p r e d o m i n a n t l y  h a d  c l u t c h e s  o f  d e v e l o p i n g  e g g s .

T h e  o c c u r r e n c e  o f  h i g h  p e r c e n t a g e s  o f  f e m a l e s  w i t h  s p e n t  e g g  c a s e s

n e a r  S O N G S  p r e v i o u s l y  h a s  b e e n  s u g g e s t e d  t o  r e s u l t  f r o m  p r e m a t u r e

d i s r u p t i o n  o f  e g g  m a t u r a t i o n  ( W e n n e r ,  1 9 8 2 ) .  I t  w a s  f u r t h e r  s u g g e s t e d

b y  S i e g e l  a n d  W e n n e r  ( 1 9 8 4 )  t h a t  t h e  d i s r u p t i o n  m i g h t  b e  r e l a t e d  t o

m e t a l s  c o n t a m i n a t i o n  f r o m  S O N G S  o p e r a t i o n ,  a g r i c u l t u r a l  r u n o f f  o f

p e s t i c i d e s ,  a n d / o r  i n c r e a s e d  t u r b i d i t y  d u e  t o  P l a n t  o p e r a t i o n .

H o w e v e r ,  t h e  i m p l i c a t i o n s  o f  h i g h  f r a c t i o n s  o f  s p e n t  f e m a l e s  n e a r

S O N G S  i n  1 9 8 3  r e m a i n  u n c e r t a i n  a n d  c o n t r o v e r s i a l .  A l t e r n a t i v e s  b a s e d  o n

d i s r u p t e d  e g g  m a t u r a t i o n ,  r e p r o d u c t i v e  s y n c h r o n y ,  o r  e n d  o f  s e a s o n

p e r s i s t e n c e  o f  s p e n t  e g g  c a s e s  w e r e  e x a m i n e d ;  s u p p o r t i v e  i n f o r m a t i o n

w a s  f o u n d  f o r  e a c h  a l t e r n a t i v e .  O f  p a r t i c u l a r  i m p o r t a n c e  w a s  t h e

f i n d i n g  t h a t  t h e r e  w a s  a  h i g h e r  i n c i d e n c e  o f  s p e n t  e g g  c a s e s  i n  c l u t c h e s

o f  d e v e l o p i n g  e g g s  f r o m  f e m a l e s  n e a r  S O N G S  a n d  H e r m o s a  B e a c h .  T h i s

i n d i c a t e s  t h a t  a  c e r t a i n  a m o u n t  o f  e g g  d i s r u p t i o n  o c c u r r e d  a t  s i t e s  n e a r

S O N G S  a n d  a t  l e a s t  a t  o n e  L o s  A n g e l e s  b e a c h  i n  1 9 8 3 .

F o r  t h o s e  a t t r i b u t e s  t h a t  d i f f e r e d  b e t w e e n  S O N G S  a n d  o t h e r  s i t e s .

i d e n t i f i c a t i o n  o f  r e l a t e d  e n v i r o n m e n t a l  v a r i a b l e s  w a s  m a d e  b y  m u l t i p l e

r e g r e s s i o n  a n a l y s e s .  C l u s t e r  a n a l y s e s  o f  b e a c h  s i t e s  w e r e  c o n s u l t e d  t o

i n d i c a t e  w h e t h e r  t h e  c o r r e l a t i o n s  w i t h  i n d i v i d u a l  v a r i a b l e s  m a d e

e c o l o g i c a l  s e n s e .

The apparent  de lay  in  recru i tment  and co lon iza t ion  o f  sand c rabs

t o  b e a c h  s i t e s  w i t h i n  1 2  k m  o f  S O N G S  s e e m e d  t o  b e  r e l a t e d  t o  t h e  p h y s i c a l

c h a r a c t e r  o f  t h e  h a b i t a t s .  S i n c e  s a n d  c r a b  l a r v a e  a r e  p l a n k t o n i c ,  w e

c a n n o t  d i s r e g a r d  t h e  p o s s i b i l i t y  t h a t  l a t e r  r e c r u i t m e n t  i n  t h e  S a n

Onof re  a rea  may have been re la ted  to  in take  w i thdrawal  o r  en t ra inment ,

e v e n  t h o u g h  S O N G S  o p e r a t i o n  o c c u r r e d  o n l y  i n t e r m i t t e n t l y  i n  1 9 8 3 .

t l - l -



T
I
I
I
t
t
T
I
I
T
t
I
I
t
I
t
t
I
T

The  f rac t i on  o f  f ema les  i n  b reed ing  cond i t i on  (bea r ing  e i t he r  eggs

o r  spen t  egg  cases )  was  genera l l y  l ower  a t  beach  s i t es  where  food

ava i l ab i l i t y  was  reduced ,  ses ton  was  h ighe r ,  where  the  wa te r  was

coo le r ,  and  where  the  sed imen t  was  coa rse r .  More  c lu t ches  o f  deve lop ing

eggs  had  spen t  egg  cases  a t  beach  s i t es  w i th  coa rse r  sed imen ts  o r

ex tens i ve  cobb le  cove rdB€ ,  o r  bo th .  Fu r the rmore ,  f ewer  ba tches  o f  eggs

were  p roduced  by  fema les  a t  s i t es  where  rec ru i tmen t  may  have  been  1a te r ,

where  sed imen ts  were  coa rse r ,  and  where  food  was  genera l l y  l ess

ava i l ab le .  These  obse rva t i ons  sugges t  t ha t ,  i n  genera l ,  r educed

rep roduc t i ve  po ten t i a l  i s  assoc ia ted  w i t h  l a t e r  r ec ru i tmen t ,  l ess  f ood ,

more  ses ton ,  and  coa rse ,  uns tab le  beach  subs t ra te .  These  hab i t a t

a t t r i bu tes  cha rac te t i - ze  beach  s i t es  nea r  San  Ono f re .  Some o f  t he

hab i ta t  va r i a t i ons  a re  na tu ra l ,  and  some may  be  re la ted  to  SONGS

cons t ruc t i on  o r  ope ra t i on .  The  re la t i ve l y  coa rse r  sed imen t  o f  beach

s i tes  w i th in  15 .5  km o f  SONGS i s  p r imar i l y  na tu ra l ,  hav ing  been

iden t i f i ed  as  such  be fo re  SONGS Un i t  I  was  bu i l t  (Shepa rd ,  1950 ) .

However ,  there is  some ev idence that  beach sediments in  the immediate

v i c in i t y  o f  SONGS have  been  a l t e red  by  SONGS cons t ruc t i on  ac t i v i t i es

(ECO-M,  1984 ) .

The  assoc ia t i on  o f  i nc reased  b reed ing  ac t i v i t y  w i th  s i t es  hav ing

more  ch lo rophy l l - phaeop igmen ts  and  l ess  pa r t i eu la tes  i n  t he  wa te r

( ses ton )  sugges t s  t ha t  ses ton  cou ld  be  unaccep tab le  as  sand  c rab  f ood

and  cou ld  i nh ib i t  f eed ine  by  c logg ing  the i r  se tose  an tennae .  The  SONGS

d ischa rge  wa te r  i s  expec ted  to  con ta in  an  i nc reased  ses ton  componen t ,

compr i s ing  f i ne -g ra ined  i no rgan ic  pa r t i c l es  and  o rgan ics .  However ,

a l t hough  the  Un i t  1  d i scha rge  wa te r  can  m ix  i n to  the  su r f  zone ,  t he

d ischa rges  f rom Un i t s  2  and  3  a re  expec ted  to  be  d i rec ted  o f f sho re  by

the  d i f f use r  sys tem and  the re fo re  a re  un l i ke l y  t o  impac t  t he  beach .

I\Z
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The  cha rge  tha t  me ta l  po l l u tan ts  f rom SONGS o r  o the r  sou rces ,  o r

non -meta l l i c  po l l u tan ts  f rom ag r i cu l t u ra l  sou rces  m igh t  d i s rup t  egg

na tu ra t i on  o r  reduce  b reed ing  was  no t  add ressed  i n  th i s  s tudy ,  a l t hough

the  app rop r ia te  samp les  have  been  co l l ec ted .

Th is  repo r t  i s  o rgan ized  i n to  two  vo lumes ,  t he  ma in  tex t  and

supp lemen ta ry  append ices .  Vo lume 1  con ta ins  6  chap te rs  :  (  1 )

I n t r oduc t i on ,  ( 2 )  Me thods  and  Ma te r i a l s ,  ( 3 )  Resu l t s  and  D i scuss ion ,

(4 )  Summary  and  Conc lus ions ,  (5 )  Tab les  and  F igu res ,  and  (6 )  L i t e ra tu re

C i t ed .Vo lume  2  con ta i ns  n i ne  append i ces  (A - I )  o f  supp lenen ta r y

in fo rma t ion .  Fo r  t hose  i n te res ted  on l y  i n  t he  ob jec t i ves  and

conc lus ions  o f  t h i s  repo r t ,  we  recommend  read ing  the  In t roduc t i on ,

Summary and Conclus ions,  and Appendix  I ,  which presents an annotated

h is to ry  o f  sand  c rab  s tud ies  tha t  were  re la ted  to  SONGS.
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3-2 I Median carapace length (mm) of
w i th  eggs  o r  spen t  egg  cases  i n
o f  t he  SNK tes t  on  these  va lues

smal ler  than 13 mm
1983  and  the  resu l t s

fema les
August

3 -22  Mean  pe rcen tages ,  by  beach ,  o f  a l l  f ema les  w i t h  eggs  o r
spen t  cases  i n  June ,  Ju l y  and  Augus t  1983  5 -55

3 -23a  Mean  pe rcen tageS,  by  beach ,  o f  f ema les  l a rge r  t han  13  mm
carapace  l eng th  w i th  eggs  o r  spen t  egg  cases  i n  June  1983
and  the  resu l t s  o f  t he  SNK tes t  on  these  va lues  5 -56

3 -23b  Mean  pe rcen tag€S,  by  beach ,  o f  f ema les  l a rge r  t han  10  mm
and smal ler  than 13 rnm carapace length wi th  eggs or  spent
egg  cases  i n  June  1983  and  the  resu l t s  o f  t he  SNK tes t
on  these  va lues  5 -57

3 -24a  Mean  pe rcen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  13  mm
carapace  l eng th  w i th  eggs  o r  spen t  egg  cases  i n  Ju l y  1983
and  the  resu l t s  o f  t he  SNK tes t  on  these  va lues  5 -58

3 - 2 4 b  M e a n  p e r c e n t a g e s ,  b y  b e a c h ,  o f  f e m a l e s  l a r g e r  t h a n  1 0  m m
and smal le r  than 13  mm wi th  eggs  or  spent  egg cases  in
J u l y  1 9 8 3  a n d  t h e  r e s u l t s  o f  t h e  S N K  t e s t  o n  t h e s e  v a l u e s  5 - 5 9

3 - 2 5 a  M e a n  p e r c e n t a B € S ,  b y  b e a c h ,  o f  f e m a l e s  l a r g e r  t h a n  1 3  m m
c a r a p a c e  l e n g t h  w i t h  e g g s  o r  s p e n t  e g g  c a s e s  i n  A u g u s t  1 9 8 3
a n d  t h e  r e s u l t s  o f  t h e  S N K  t e s t  o n  t h e s e  v a l u e s  5 - 6 0

3 - 2 5 b  M e a n  p e r c e n t a g e s ,  b y  b e a c h ,  o f  f e m a l e s  l a r g e r  t h a n  l 0  m m
and smal le r  than 13  mm carapace length  w i th  eggs  or  spent
e g g  c a s e s  i n  A u g u s t  1 9 8 3  a n d  t h e  r e s u l t s  o f  t h e  S N K  t e s t
o n  t h e s e  v a l u e s  5 - 6 1

3 -25c

s-s4

5 -62

5 -63

s-  64

Mean  pe rcen tages
and smal ler  than
Augus t  1983  and

,  by  beach ,o f  f ena les  l a rge r  t han  7  mm
10 mm wi th eggs or  spent  egg cases in

the  resu l t s  o f  t he  SNK tes t  on  t hese
va lues

3 -26a  Mean  pe rcen tages
carapace length
the  SNK tes t  on

,  by  beach ,
w i th  eggs  i n
these  va lues

larger  than 13 mm
and  the  resu l t s  o f

o f  f e m a l e s
J u n e  1 9 8 3

3 - 2 7 a  M e a n  p e r c e n t a g e s ,  b y  b e a c h ,  o f  f e m a l e s  l a r g e r  t h a n  1 3  m m
c a r a p a c e  l e n g t h  w i t h  e g g s  i n  J u l y  1 9 8 3  a n d  t h e  r e s u l t s
o f  t h e  S N K  t e s t  o n  t h e s e  v a l u e s  5 - 6 5

2 6 b  M e a n  p e r c e n t a B e s ,  b y  b e a c h ,  o f  f e m a l e s  l a r g e r  t h a n  1 0  m m
and smal le r  than 13  mm carapace length  w i th  eggs  in  June
1 9 8 3  a n d  t h e  r e s u l t s  o f  t h e  S N K  t e s t  o n  t h e s e  v a l u e s

3 - 2 7 b  M e a n  p e r c e n t a g e s ,  b y  b e a c h ,  o f  f e m a l e s  l a r g e r  t h a n  1 0  m m
and smal le r  than 13  mm carapace length  w i th  eggs  in  Ju ly
1 9 8 3  a n d  t h e  r e s u l t s  o f  t h e  S N K  t e s t  o n  t h e s e  v a l u e s

xal - ] -

5 -66
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3-28a  Mean  pe rcen taB€S,  by  beach ,  o f  f ema les  l a rge r  t han  13  mm
carapace  l eng th  w i th  eggs  i n  Augus t  1983  and  the  resu l t s
o f  t he  SNK tes t  on  these  va lues  5 -67

3 -2Bb  Mean
and
1983

2 8 c  M e a n
and
1 9 8  3

va lues

v a l u e s

3 -31a

Mean  pe rcen tag€s ,
and smal ler  than
in June 1983 and

percen tag€s ,  by  beach ,  o f  f ema les  l a rge r  t han  10  mm
smal ler  than 13 mm carapace length wi th  eggs in  August

and  the  resu l t s  o f  t he  SNK tes t  on  these  va lues  5 -68

percen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  7  mm
smal ler  than l0  mm carapace length wi th  eggs in  August

and  the  resu l t s  o f  t he  SNK tes t  on  these  va lues  5 -69

29a  Mean  pe rcen taBes ,  by  beach ,  o f  f ema les  l a rge r  t han  13  mm
carapace  l eng th  w i th  spen t  egg  cases  i n  June  1983  and  the
resu l t s  o f  t he  SNK tes t  on  t hese  va lues  5 -70

3 -29b b y  b e a c h ,  o f  f e m a l e s  l a r g e r  t h a n  l 0  m m
13 mm carapace length  w i th  spent  egg cases
t h e  r e s u l t s  o f  t h e  S N K  t e s t  o n  t h e s e

3 -30a  Mean  pe rcen tages ,  by  beach ,
ca rapace  l eng th  w i th  spen t
resu l t s  o f  t he  SNK tes t  on

3-30b M e a n  p e r c e n t a B e s ,
and smal le r  than
i n  J u l y  1 9 8 3  a n d

la rger  than 13 mm
Ju ly  1983  and  the

o f  f e m a l e s
e g g  c a s e s  i n
t h e s e  v a l u e s

5 -7  L

5 -7  2

5 -73

5 -74

5 -77

by  beach ,  o f  f ema les  l a rge r  t han  10  mm
13 mm carapace length wi th  spent  egg cases
the  resu l t s  o f  t he  SNK tes t  on  t hese

M e a n  p e r c e n t a g e s ,  b y  b e a c h ,  o f  f e m a l e s
c a r a p a c e  l e n g t h  w i t h  s p e n t  e g g  c a s e s  i n
r e s u l t s  o f  t h e  S N K  t e s t  o n  t h e s e  v a l u e s

la rger
August

than 13 mm
1983  and  the

3-3 lb

3 -31c

3-32

M e a n  p e r c e n t a B € S ,  b y  b e a c h ,  o f  f e m a l e s  l a r g e r  t h a n  l 0  m m
and smal le r  than 13  mm carapaee length  w i th  spent  egg cases
i n  A u g u s t  1 9 8 3  a n d  t h e  r e s u l t s  o f  t h e  S N K  t e s t  o n  t h e s e
v a l u e s  5 - 7 5

M e a n  p e r c e n t a B e s ,  b y  b e a c h ,  o f  f e m a l e s  l a r g e r  t h a n  7  m m
and smal le r  than 10  mm carapace length  w i th  spent  egg
c a s e s  i n  A u g u s t  1 9 8 3  a n d  t h e  r e s u l t s  o f  t h e  S N K  t e s t
o n  t h e s e  v a l u e s  5 - 7 6

L e a s t  s q u a r e
e g g s  p e r  e g g
o f  S O N G S  t h a t
t h e  S N K  t e s t

L e a s t  s q u a r e
e g g s  p e r  e g g
o f  S O N G S  t h a t
t h e  S N K  t e s t

m e a n s  o f  1 o g  ( x
m a s s  f o r  b e a c h  s

were  sampled  in
o n  t h e s e  v a l u e s

*  1 )  t rans fo rmed  number  o f
i t es  nea r ,  no r th  and  sou th

June  1983  and  resu l t s  o f

m e a n s  o f  1 o g  ( x  *  1 )
m a s s  f o r  b e a c h  s i t e s

were  sampled  in  Ju ly

t r ans fo rmed  number  o f
nea r ,  no r th  and  sou th

1983  and  resu l t s  o f

3-33

o n  t h e s e  v a l u e s

xt-v
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3-34

3-35

3-35

Leas t  squa re
eggs  pe r  egg
of  SONGS that
the  SNK tes t

means  o f  1og  ( x  *  1 )  t rans fo rmed
mass  fo r  beach  s i t es  nea r ,  no r th

were sarnpled in  August  1983 and

number of
and south
resu l t s  o f

on  these  va lues 5-7  9

The  pe rcen tage  o f  spen t  f ema les  (8 -13  rnm C .L .  )  t ha t  were
p roduc ing  ano the r  ba tch  o f  i n te rna l  eggs  i n  Augus t  5 -80

Wate r  vo lumes  (m i I l i on  cub ic  me te rs  pe r  day )  t ha t  were
c i r cu la ted  th rough  SONGS Un i t s  1 ,  2 ,  and  3  du r ing  the
per iod  January  L977  to  January  L984  5 -81
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1.0  INTRODUCTION

Under  a  mandate  f rom the  Ca l i fo rn ia  Coasta l  Commiss ion  the  Mar ine

R e v i e w  C o r n m i t t e e  ( M R C )  h a s  u n d e r t a k e n  s t u d i e s  o f  t h e  e f f e c t s  o f  t h e  S a n

O n o f r e  N u c l e a r  G e n e r a t i n g  S t a t i o n  ( S O N G S )  o n  t h e  s u r r o u n d i n g  m a r i n e

env i ronment  and i t s  inhab i tan ts .  The shore l ine  hab i ta t  ad jacent  to

S O N G S  i s  o p e n  s a n d  b e a c h .  T h e  s a n d  c r a b ,  E m e r i t a  a n a l o g a ,  i S  a

prominent  component  o f  the  sand beach communi ty ,  and was inves t iga ted

r e l a t i v e  t o  S O N G S  d u r i n g  L 9 7 6 - L 9 7 7  ( A u y o n g ,  l 9 8 t )  a n d  d u r i n g  1 9 8 0 - L 9 8 2

( W e n n e r ,  1 9 8 0 ;  L 9 8 2 ) .  T h i s  r e p o r t  p r e s e n t s  t h e  f i n d i n g s  o f  a  1 9 8 3

s t u d y ,  c o n d u c t e d  f o r  t h e  M R C  b y  M a r i n e  E c o l o g i c a l  C o n s u l t a n t s .

S a n d  c r a b s ,  E m e r i t a  a n a l o g a  ( S t i m p s o n ,  1 8 5 7 ) ,  l i v e  o n  i n t e r t i d a l

s a n d  b e a c h e s  a l o n g  t h e  w e s t  c o a s t s  o f  N o r t h  a n d  S o u t h  A m e r i c a  ( E f f o r d ,

L 9 7 A ) .  O n  t h e  b e a c h  t h e y  f e e d  b y  p a s s i v e l y  s t r a i n i n g  s m a l l  f o o d

p a r t i c l e s  f r o m  t h e  w a v e  w a s h  w i t h  t h e i r  p l u m o s e  a n t e n n a e  ( E f f o r d ,

L 9 6 6 ) .  B e c a u s e  o f  t h e  c o n s t a n t  m o v e m e n t  o f  w a t e r  a n d  s a n d  t h e y  a r e  n o t

s t r i c t l y  s e d e n t a r y  a n d  m a y  m o v e  s o m e  d i s t a n c e  i n  a  g i v e n  b e a c h  a r e a

d u r i n g  t h e i r  j u v e n i l e - a d u 1 t  l i f e t i m e .  I t  h a s  b e e n  e s t i m a t e d  t h a t  m a l e s

m a y  l i v e  f o r  a  l i t t 1 e  m o r e  t h a n  o n e  y e a r  a n d  f e m a l e s  p e r h a p s  u p  t o  3  t o  5

y e a r s  ( D u d l e y ,  L 9 6 7 ) .

T h e  l i f e  c y c l e  o f  s a n d  c r a b s  i n c l u d e s  a  p l a n k t o n i c  l a r v a l  s t a g e .

A l t h o u g h  b r e e d i n g  c a n  o c c u r  y e a r - r o u n d ,  m o s t  r e p r o d u c t i v e  f e m a l e s  a r e

found on  the  beaches dur ing  la te  spr ing  and summer  months  (MacGin i t ie ,

1 9 3 8 ;  C o x  a n d  D u d l e y ,  1 9 6 8 ) .  T h e  e g g s ,  f e r t i l i z e d  e x t e r n a l l y  b y  m a l e s ,

a r e  c a r r i e d  b y  t h e  b r o o d i n g  f e m a l e s  f o r  a b o u t  a  m o n t h  ( C o x  a n d  D u d l e y ,

1 9 5 8 ;  F u s a r o ,  1 9 8 0 a ) .  T h e  y o u n g  h a t c h  i n  t h e  s u r f  z o n e  a s  z o e a  l a r v a e

a n d  d r i f t  i n  t h e  c o a s t a l  c u r r e n t s  f o r  a n  e s t i m a t e d  1 . 5  t o  4  m o n t h s

( J o h n s o n ,  1 9 4 0 ;  W h a r t o n ,  L 9 4 2 ;  B a r n e s  a n d  W e n n e r ,  1 9 6 8 ) .  F e m a l e s  m a y

p r o d u c e  f r o m  o n e  t o  s e v e r a l  b r o o d s  d u r i n g  t h e  s u m m e r ,  d e p e n d i n g  o n  t h e i r

a g e  a n d  e n v i r o n m e n t a l  c o n d i t i o n s  ( C o x  a n d  D u d 1 e y ,  1 9 6 8 ;  F u s a r o ,  1 9 8 0 a ) .

1 -  I
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At  the  sho re ,  t he  success fu l  l a r vae  me tamorphose  f rom the  more

advanced ,  mega lopa  l a rva l  s tage  i n to  j uven i l e  sand  c rabs  ( Johnson ,

1940 ;  Dud ley ,  L967) .  Depend ing  on  when  they  rec ru i t ,  t he  j uven i l es  may

matu re  i n to  sexua l l y  ac t i ve  adu l t s  du r ing  the i r  f i r s t  summer  on  the

beach.  Abundances on beaches are usual ly  h ighest  in  spr ing and summer as

a  resu l t  o f  rec ru i tmen t  f rom the  p lank ton .  No t  a l l  t he  pos t -mega lops

sand  c rabs  a re  necessa r i l y , r p  on  t he  beach  f aces  a t  a  pa r t i cu l a r  t ime ,

however .  Subpopu la t i ons  apparen t l y  t ake  re fuge  i n  the  sub t i da l  sands

a t  l eas t  some o f  t he  t ime ,  where  they  a re  i naccess ib le  to  beach  samp l ing

(sec t i ons  2 .1 .3 .1and  3 .2 .2 .  l  o f  t h i s  r epo r t ) .

Age  s t ruc tu res ,  ave rage  i nd i v idua l  g rowth  ra tes ,  and  egg

produc t i on  can  d i f f e r  be tween  na tu ra l  popu la t i ons  o f  sand  c rabs  on

nea rby  beaches  (Cox  and  Dud ley ,  1968 ;  Fusa ro ,  1980a ) .  These  va r i a t i ons

a re  re la ted  to  d i f f e rences  i n  t ime  o f  rec ru i tmen t  (E f fo rd ,  L970  )  and  to

d i f f e rences  i n  env i ronmen t  (Fusa ro ,  1980a) .  We l l -de f i ned  na tu ra l

gene t i c  d i f f e rences  be tween  popu la t i ons  seem un l i ke l y  because  rec ru i t s

f rom the  p lank ton  p robab ly  o r i g ina te  f rom a  m ix tu re  o f  pa ren t  beaches .

Dur ing  the i r  l i f e  cyc1e ,  sand  c rabs  cou ld  be  d i rec t l y  a f fec ted  by

SONGS in  a t  l eas t  t h ree  ways .  SONGS rn igh t  change  the  ava i l ab i l i t y  o f

food - -mos t  o f  t he  p lank ton  wh ich  pass  th rough  the  seawa te r  coo l i ng

sys tem i s  k i l l ed  and  appear  i n  t he  d i scha rge  wa te r  as  de t r i t us  (EQA and

MBC,  L973 ;  Ba rne t t  e t  41 . ,  f 980 ) .  An  i nc rease  i n  de t r i t us  o f  an

inapprop r ia te  s i ze  ( f  mm to  2  mm)  cou ld  i n te r fe re  w i th  the  f i l t e r

feed ing  o f  sand  c rabs .

SONGS Un i t  I  r e leases  me ta l s  (p r i rna r i l y  copper )  as  a  resu l t  o f

co r ros ion  o f  condenser  tub ing  (USAEC,  L973  ) ,  wh ich  m igh t  i n te r fe re  w i th

enzyme ac t i ons  o r  o the r  phys io log i ca l  f unc t i ons .  Tox i c i t y  s tud ies  have

ind i ca ted  tha t  g rowth  o f  c rab  l a rvae  i s  adve rse l y  a f fec ted  by

L-2
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concen t ra t i ons  o f  f ree  cup r i c  i ons  i n  seawa te r  s l i gh t l y  above  amb ien t

I eve l s  (Sande rs  e t  a I . ,  f 983 ) .  SONGS Un i t s  2  and  3  condense r  t ubes  a re

made  o f  t i t an ium ra the r  t han  o f  a  copper -n i cke l  a l l oy ,  wh ich  shou ld

p rec lude  coppe r  and  n i cke l  d i scha rges  (USUnC,  1981 ) .

SONGS migh t  a f fec t  rec ru i tmen t  t o  beach  popu la t i ons  by  a f fec t i ng

pe lag i c  l a rva l  s tages .  Mos t  l a rvae  d rawn  in to  the  p lan t  a re  k i1 led  (EQA

and  MBC,  L973 ;  Ba rne t t  e t  41 . ,  1980 )  and  t he re fo re  unava i l ab le  as

rec ru i t s  t o  beach  popu la t i ons .  La rvae  en t ra ined  i n  the  d i scha rge  p lume

a l so  cou ld  be  l os t  t o  l oca l  beach  popu la t i ons  e i t he r  t h rough  mor ta l i t y

o r  phys i ca l  d i sp lacemen t  .

SONGS may  ind i rec t l y  a f fec t  sand  c rabs  by  a l t e r i ng  the i r  beach

hab i ta t .  The re  i s  some ev idence  tha t  t he  med ian  g ra in  s i ze  o f  t he  beach

sed imen t  d i rec t l y  t o  t he  sou th  o f  t he  p lan t  has  i nc reased  because  o f

cons t ruc t i on  ac t i v i t i es .  Non-beach  sed imen t  excava ted  f rom the  b lu f f s

ad jacen t  t o  the  p lan t  was  depos i ted  on  the  beach .  A1so ,  no rma l

downcoast  sand t ranspor t  has been in terrupted s ince 1974 by a temporary

seawa l l  ( equ ipmen t  l aydown  pad)  d i rec t l y  seaward  o f  t he  p lan t  (EC0-M,

1e84  )  .

A l t hough  SONGS has  a  the rma l  d i scha rge ,  i t  i s  no t  p red i c ted  tha t

e leva ted  tempera tu res  w i l l  s i gn i f i can t l y  a f fec t  beach  popu la t i ons  o f

sand  c rabs .  No  co r re la t i on  was  found  be tween  tempera tu re  and  sand  c rab

popu la t i on  s t ruc tu re  du r ing  a  pe r iod  o f  Un i t  I  ope ra t i on  (Auyong ,

f 981 ) .  Th i s  was  so  desp i t e  t he  t endency  f o r  t he  Un i t  1  d i scha rge  t o

d i r ec t  t he  p l ume  towa rds  sho re  ( f on  e t  d l . , 1974 ) .  Because  o f  t he

p ro jec ted  d i spe rs i ve  e f f ec t  o f  t he  d i f f use r  sys tems  and  o f f sho re

movemen t  o f  t he  d i scha rge  p1ume,  tempera tu re  e f fec ts  a re  no t  p red i c ted

f rom the  ope ra t i on  o f  Un i t s  2  and  3 .
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The repor ts  f rom the  prev ious  s tud ies  have suggested  tha t  SONGS

m a y  a f f e c t  t h e  g r o w t h  a n d  r e p r o d u c t i o n  o f  s a n d  c r a b s .  B e c a u s e  t h e r e  a r e

n o  a p p r o p r i a t e  p r e - S O N G S  o b s e r v a t i o n s  o f  s a n d  c r a b s  a t  S a n  O n o f r e ,  t h e

e f f e c t s  w e r e  e v a l u a t e d  b y  c o m p a r i n g  s i t e s  a t  v a r y i n g  d i s t a n c e s  f r o m

S O N G S .  F r o m  a  s u r v e y  o f  f i v e  b e a c h  l o c a t i o n s  w i t h i n  6 . 5  k m  o f  S O N G S ,

A u y o n g  ( 1 9 8 1 )  r e p o r t e d  t h a t  s a n d  c r a b s  l i v i n g w i t h i n  1 . 5  k m n o r t h  o f  t h e

p l a n t  g r e w  l e s s  r a p i d l y  a n d  m a t u r e d  a t  a  s m a l l e r  s i z e  d u r i n g  t h e  L 9 7 7

b r e e d i n g  s e a s o n  ( p r i m a r i l y  J u l y  a n d  A u g u s t ) .  N o  c o r r e l a t i o n  e m e r g e d

b e t w e e n  o b s e r v e d  d i f f e r e n c e s  i n  h a b i t a t  v a r i a b l e s  ( t e m p e r a t u r e  a n d

o r g a n i c  s o l i d s  i n  t h e  w a v e  w a s h  z o n e )  a n d  t h e s e  d i f f e r e n c e s  i n  s a n d  c r a b

p o p u l a t i o n  s t r u c t u r e .

W e n n e r  ( 1 9 8 0 ,  L 9 8 2 )  c o m p a r e d  t h o s e  L 9 7 7  d a t a  w i t h  o b s e r v a t i o n s

f r o m  o t h e r  y e a r s .  F r o m  t h i s  h e  i n f e r r e d  t h a t  g r o w t h  a n d  r e p r o d u c t i o n

w e r e  c u r t a i l e d  i n  t h e  v i c i n i t y  o f  S a n  O n o f r e  b y  S O N G S  o p e r a t i o n  i n  L 9 7 7 .

W e n n e r ' s  a s s e s s m e n t  o f  s a n d  c r a b  p o p u l a t i o n  s t r u c t u r e s  i n  1 9 8 0 ,  1 9 8 1

a n d  1 9 8 2 ,  w h e n  S O N G S w a s  s e m i - o p e r a t i o n a l ,  s e e m e d  t o  i n d i c a t e  l e s s  o f  a n

e f f e c t  o n  g r o w t h .  B u t  h e  f o u n d  u n e x p e c t e d l y  l o w  i n c i d e n c e s  o f  f e m a l e s

c a r r y i n g  e g g s  a t  s i t e s  w i t h i n  6 . 5  k m  o f  t h e  p l a n t  i n  J u l y  1 9 8 1  a n d  a t

d i s t a n c e s  t o  a b o u t  1 5  k m  n o r t h  a n d  2 0  k m  s o u t h  o f  S O N G S  i n  J u l y  L 9 8 2 .

l n s t e a d  o f  c a r r y i n g  e g g s ,  a d u l t  f e m a l e s  w e r e  c a r r y i n g  m a s s e s  o f  e m p t y

e g g  s h e 1 1 s .

[ . {enner  cons idered the  h igh  propor t ion  o f  females  w i th  spent  egg

c a s e s  t o  h a v e  b e e n  a  c o n s e q u e n c e  o f  d i s r u p t e d  e g g  m a t u r a t i o n  r a t h e r  t h a n

p o s t - p a r t u m  o b s e r v a t i o n s  o f  s y n c h r o n i z e d  r e l e a s e  o f  l a r v a e .  T h i s

i n t e r p r e t a t i o n  w a s  b a s e d  i n  p a r t  o n  a  l a b o r a t o r y  e x p e r i m e n t .  L i v i n g

s p e c i m e n s  o f  m a t u r e  f e m a l e s  ( >  1 2  m m  c a r a p a c e  l e n g t h ) ,  r n o s t  o f  w h i c h  h a d

s p e n t  e g g  c a s e s ,  a n d  m a l e s  w e r e  t a k e n  t o  t h e  l a b o r a t o r y  a n d  h e l d  i n

f l o w i n g - w a t e r  t a n k s .  A f t e r  3  w e e k s  3 7 %  o f  t h e  f e m a l e s  h a d  e x t r u d e d  n e w
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(o range-co lo red )  and  apparen t l y  hea l thy  egg  masses .  I n  con t ras t ,  on l y

57"  of  the females > 13 mm carapace length in  the populat ion at  the

o r ig ina l  co l l ec t i ng  s i t e  had  ex t ruded  o range  eggs  du r ing  the  i n te r im .

F rom h i s  ana lyses ,  Wenner  (L982)  conc luded  tha t  t he  s t re t ch  o f  beach  a t

SanOno f re ,  w i t h  SONGS a t  i t s  cen te r ,  was  apoo rhab i t a t  f o r  sand  c rabs .

These f ind ings of  Wenner  and others for  L982 and before do not

c lea r l y  es tab l i sh  tha t  SONGS in te r fe red  s ign i f i can t l y  w i th  sand  c rabs .

Th is  i s  so  p r imar i l y  because  d i f f e rences  occu r  no t  on l y  be tween  s i t es ,

w i thou t  rega rd  to  d i s tance  f rom SONGS,  bu t  be tween  seasons  and  yea rs  a t

the  same s i t e .  The re  were  few  occas ions  o f  concu r ren t  da ta  f rom the

same season ,  i n  a  g i ven  yea r ,  f r om San  Ono f re  and  o the r  beaches ,  wh ich

l im i t s  eva lua t i on  o f  among-beach  compar i sons .  F ina l l y ,  i nsu f f i c i en t

i n fo rma t ion  was  co l l ec ted  rega rd ing  the  beach  hab i ta t s  t hemse lves .

Thus ,  i t  was  no t  poss ib le  to  eva lua te  whe the r  d i f f e rences  i n  sand  c rab

popu la t i ons  we re  re l a ted  t o  t he  hab i t a t s  o f  t he  beach  s i t es  o r  t o  SONGS

e f fec t s .

The MRC rev iewed the above-ment ioned studies and concluded that

i n fo rma t ion  was  i nsu f f i c i en t  t o  eva lua te  whe the r  beach  popu la t i ons  o f

sand  c rabs  were  a f fec ted  by  the  ope ra t i on  o f  SONGS.  Bu t  t he  f i nd ings

were  cons ide red  to  be  o f  su f f i c i en t  impor tance  to  war ran t  more  s tudy .

The  p resen t  s tudy  was  des igned  to  fu r the r  t he  i nves t i ga t i on .  The

comb ina t i on  o f  haphazard  t ime-space  a r r i va l  o f  rec ru i t s  and  i n f l uence

o f  env i ronmen ta l  and  behav io ra l  f o rces  cou ld  l ead  to  the  k ind  o f

va r iab i l i t y  i n  popu la t i on  s t ruc tu re  ac tua l l y  obse rved  be tween  beach

s i t es  i n  p rev ious  s tud ies .  Fo r  t hese  reasons ,  t he  1983  i nves t i ga t i ons

were  des igned  to  con t ras t  seve ra l  quas i - synop t i ca l l y  samp led  beach

s i tes  nea r  and  away  f rom SONGS bo th  i n  t e rms  o f  t he i r  hab i ta t s  and  the i r

sand  e rab  popu la t i ons .
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The  p resen t  s tudy  s ta t i s t i ca l l y  compares  sand  c rab  popu la t i ons  a t

f i f t een  beach  s i t es  i n  sou the rn  Ca l i f o rn ia ,  i nc lud ing  s i x  o f  t he  beach

s i t es  sa rnp led  by  Auyong  (1981 )  o r  Wenne r  ( f 980 ,  1982 ) .  A  quan t i t a t i ve ,

s t ra t i f i ed - random samp l ing  s t ra tegy ,  w i th  rep l i ca t i on ,  was  used  to

con t ro l  f o r  i ns tan taneous  w i th in -beach  va r ia t i on .  Th ree  su rveys  were

made  in  1983 ,  du r ing  the  season  ( June ,  Ju l y ,  Augus t )  when  sand  c rabs  a re

most  abundant  and are breeding on southern Cal i forn ia beaches

(MacG in i t i e ,  1938 ;  Ba rnes  and  Wenne r ,  1968 ;  Cox  and  Dud ley ,  1968 ;

Auyong ,  1981) .  Concur ren t  samp l ing  was  done  to  con t ro l  f o r  sho r t - t e rm

tempora l  va r i a t i on .  Va r iab les  were  measured  tha t  were  re la ted  to  the

physica l  and chemical  env i ronment  of  the beach s i tes and that

rep resen ted  po ten t i a l  f ood  resou rces  fo r  sand  c rabs .  The  sand  c rab

popu la t i on  a t t r i bu tes  tha t  were  examined  a re  re la ted  to  abundance ,  s i ze

d i s t r i bu t i on ,  f ema le  rep roduc t i on ,  and  gene t i cs .  To  p rov ide  fu r the r

con t i nu i t y  w i t h  t he  p rev ious  s tud ies ,  a t t r i bu tes  o f  s i ze  d i s t r i bu t i on

and reproduct ion that  had been examined in  past  s tud ies were re-

examined ,  i f  deemed  approp r ia te .

SONGS c i r cu la ted  wa te r  i n te rm i t t en t l y  t h rough  Un i t s  1 ,  2 ,  and  3

du r ing  the  1983  s tudy .  The re fo re  1983  may  no t  be  who11y  rep resen ta t i ve

o f  po ten t i a l  impac t  du r ing  fu11 -sca le  ope ra t i on .  The  sand  c rab  hab i ta t

a l so  was  a t yp i ca l  i n  1983 ,  because  e l eva ted  wa te r  t empe ra tu res ,  r educed

p lan t  nu t r i en ts ,  and  seve re  coas ta l  s to rms  accompan ied  the  p ro longed  E l

N ino  even t  o f  1982 -1983  ( sec t i on  3 .1  and  3 .3  o f  t h i s  r epo r t ) .  Keep ing  i n

m ind  these  l im i ta t i ons ,  t he  1983  s tudy  add ressed  whe the r  popu la t i on

a t t r i bu tes  a t  beach  s i t es  nea r  SONGS were  w i th in  the  va r ia t i on  obse rved

a t  o the r  beach  s i t es .  I f  sand  c rab  a t t r i bu tes  va r i ed  re l a t i ve  t o  SONGS.

then  the  re la t i onsh ips  w i th  the  phys i ca l - chemica l  env i ronmen t  were

inves t i ga ted  by  mu l t i p l e  r eg ress ion  ana l ys i s  comb ined  w i t h  c l us te r

l - 6
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ana lys i s .  SONGS e f fec ts  wou ld  be  i nd i ca ted  i f  co r re la t i ons  be tween

sand crab measurements and the envi ronment  were poor .  0n the other

hand ,  t he  occu r rence  o f  s t rong  co r re la t i ons  does  no t  necessa r i l y

i nd i ca te  t ha t  SONGS e f f ec t s  we re  absen t .  I t  i s  poss ib l e  t ha t  e f f ec t s

cou ld  be  masked  bv  env i ronmen ta l  va r i a t i on  o r  t ha t  e f fec ts  f rom SONGS

ac t  i n  conce r l  w i th  the  env i ro runen t .  I t  shou ld  be  no ted  tha t  t he  1983

sand  c rab  s tudy  was  no t  des igned  to  p rov ide  a  d i rec t  eva lua t i on  o f  t he

po ten t i a l  impac ts  f rom SONGS.  To  do  so  .  wou ld  have  en ta i l ed  a

comb ina t i on  o f  l abo ra to ry  and  f i e ld  expe r imen ts  des igned  to  con t ro l  f o r

envi ronment  a1 var ia t  ion.

Th is  repo r t  emphas izes  the  resu l t s  o f  t he  sand  c rab  i nves t i ga t i on

in  l i gh t  o f  t he  se lec ted  env i ronmen ta l  va r i ab les  tha t  were  ana lyzed .

Equa l  t rea tmen t  canno t  be  g i ven  a t  t h i s  t ime  to  re la t i onsh ips  w i th  o the r

va r i ab les  such  as  me ta l l i c  o r  non -me ta l l i c  po l l u t an t s  because ,  a l t hough

po l l u tan t  samp les  were  co l l ec ted ,  t he i r  ana lyses  have  no t  as  ye t  been

funded by the MRC. Fur thermore,  e f fects  f rom in take wi thdrawal  were not

i nves t i ga ted  and  a re  no t  spec i f i ca l l y  add ressed .  Th i s  i s  so  because

mode ls  o f  c i r cu la t i on  i n  t he  SONGS a rea  tha t  t rans la te  i n take  l osses

into potent ia l  areas of  lowered meroplanktonic  abundances are not

p resen t l y  ava i l ab le .
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2.0 METHODS AND MATERIALS

Where  poss ib le  and  app rop r ia te ,  con t i nu i t y  w i th  p rev ious  s tud ies

was  fu r the red  by  the  use  o f  comparab le  me thods .  The  unp receden ted  scope

o f  t he  f i e ld  samp l ing ,  however ,  requ i red  some new s t ra teg ies ,  dev i ces ,

and  p rocedures .  These  a re  desc r ibed  b r i e f l y  he re in .  The  more  de ta i l ed

e lemen ts  o f  samp l ing  and  ana lys i s  p ro toco l s  a re  g i ven  i n  Append ices  A ,

B ,  and  C .

2 .  I  B e a c h  S a m p l i n g

T h e  o b j e c t i v e s  w e r e  t o  f i n d  f i f t e e n  s i m i l a r  b e a c h  s i t e s  k n o w n  t o  b e

f r e q u e n t e d  b y  s a n d  c r a b s ,  t o  s a m p l e  a l l  s i t e s  a s  c o n c u r r e n t l y  a s

P o s s i b l e  d u r i n g  e a c h  o f  t h r e e  s u r v e y s ,  a n d  t o  o b t a i n  r e p r e s e n t a t i v e

s a m p l e s  f r o m  e a c h  b e a c h  s i t e .  F i e l d i n g  f i f t e e n  b e a c h  c r e w s

s i m u l t a n e o u s l y  w a s  b e y o n d  t h e  l o g i s t i c  c a p a b i l i t y  o f  t h e  p r o g r a m .  B u t ,

f o u r  u n i f o r m l y  t r a i n e d  a n d  e q u i p p e d  c r e w s  w e r e  a b l e  t o  c o m p l e t e  a

f i f t e e n - b e a c h  s u r v e y  w i t h i n  a  p e r i o d  o f  f o u r  o r  f i v e  d a y s .

2 . L . L  B e a c h  S i t e  S e l e e t i o n

S a n  O n o f r e  N u c l e a r  G e n e r a t i n g  S t a t i o n  i s  l o c a t e d  i n  t h e  S o u t h e r n

c a l i f o r n i a B i g h t ,  a b o u t  3 3 o  2 2 . 5 '  N  a n d  L L T 0  3 2 . 5 '  W ,  b e t w e e n  t h e  c i t i e s

o f  S a n  C l e m e n t e  a n d  O c e a n s i d e  ( F i g u r e  2 - L ) .  S a n  O n o f r e  i s  a b o u t  m i d w a y

w i t h i n  t h e  0 c e a n s i d e  l i t t o r a l  c e 1 1  ( I n m a n  a n d  F r a u t s c h y  ,  L 9 6 6 ) .  T h e r e

a r e  f i v e  s u c h  c e 1 l s  a l o n g  t h e  s o u t h e r n  C a l i f o r n i a  c o a s t ,  e a c h

c o n t a i n i n g  a  c o m p l e t e  s a n d - t r a n s p o r t  c y c I e .  M o s t  s a n d  i s  b r o u g h t  t o  t h e

c o a s t  b y  s t r e a m s ,  c a r r i e d  a l o n g  t h e  s h o r e  b y  w a v e - i n d u c e d  c u r r e n t s ,  a n d

I o s t  i n t o  o f f s h o r e  b a s i n s  b y  w a y  o f  s u b m a r i n e  c a n y o n s .

T h e  c o a s t l i n e  i s  f a i r l y  u n i f o r m  a t  S a n  O n o f r e ,  a n d  r u n s  N W  t o  S E
0 0

( 310  t o  130  ) .  The  ad jacen t  she l f  s l opes  regu la r l y  f o r  abou t  7  km ou t
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t o  a  b reak  a t  t he  70  m dep th  con tou r .  The  beach  i s  pa r t i a l l y  p ro tec ted

by  the  Channe l  I s l ands  f rom Nor th  Pac i f i c  swe l l s  t ha t  app roach  be tween

SW and  NW (2300  o r  g rea te r ) ;  i t  i s  exposed  to  summer  sou the rn  swe l l

(Pawka  and  Guza ,  1983 ) .

C r i t e r i a  f o r  beach  se lec t i on  i nc l uded  d i sLance  f r om SONGS.

s im i l a r i t y  o f  sed i r nen t s ,  p resence  o f  sand  c rabs ,  l oca t i on  re l a t i ve  t o

l i t t o ra l  ce l1s ,  and  whe the r  t he  s i t e  had  been  samp led  i n  p rev ious  MRC

sand  c rab  s tud ies .  Bes ides  6 t re  s i t es  ve ry  nea r  SONcS  (1 .5  km N ,  0 .4  kmv
N,  1 .5  km S ) ,  t he  se lee t i on  i nc l uded  s i x  s i t es  upcoas t  ( ( peve l r  du r i ng  t he

--] \--l

A u g u s t  s u r v e y )  a n d / s i x / s i t e s  d o w n c o a s t  ( F i g u r e  2 - 1 ) .
\J

T h e  f o l l o w i n g  s i x  s i t e s ,  a l l  w i t h i n  t h e  O c e a n s i d e  L i t t o r a l  C e l 1 ,

w e r e  s e l e c t e d  b e c a u s e  t h e y  w e r e  n e a r  s i t e s  s a m p l e d  b y  A u y o n g  ( f 9 8 1 )  o r

W e n n e r  ( f 9 8 0 ,  1 9 8 2 ) :  6 5  k r n  S  ( L a  J o l l a ) ,  6 . 5  k r n  S ,  1 . 5  k m  S ,  0 . 4  k m N ,  1 . 5

k m N ,  a n d  6 . 5  k m N  ( S a n  C l e m e n t e  S t a t e  B e a c h ) .  S i x  a d d i t i o n a l  s i t e s  w e r e

s e l e c t e d  f r o m  w i t h i n  t h e  O c e a n s i d e  l i t t o r a l  c e 1 1 .  F o u r  o f  t h e s e  w e r e

p a i r s  l o c a t e d  s i m i l a r  d i s t a n c e s  s o u t h  a n d  n o r t h  o f  S O N G S :  L 2  k m  S

( C a r n p  P e n d l e t o n ) ,  L 2  k m  N  ( S a n  J u a n  C a p i s t r a n o  B e a c h ) ,  1 8  k m  S  ( C a m p

P e n d l e t o n ) ,  a n d  1 5 . 5  k m N  ( N o r t h D o h e n y  S t a t e  B e a c h ) .  T h e  r e m a i n i n g  t w o

p r o v i d e d  a d d i t i o n a l  g e o g r a p h i c  c o v e r a g e  b e t w e e n  L a  J o l l a  a n d  C a m p

P e n d l e t o n :  4 5  k m  S  ( M o o n l i g h t  S t a t e  B e a c h ) ,  a n d  2 5  k m  S  ( O c e a n s i d e  C i t y

B e a c h ) .

F o u r  b e a c h  s i t e s  w e r e  s e l e c t e d  n o r t h  o f  t h e  O c e a n s i d e  l i t t o r a l

c e l l .  C a b r i l l o  B e a c h  ( 7 9  k m  N )  w a s  c h o s e n  b e c a u s e  i t s  c o b b l e

c o m p o s i t i o n  c l o s e l y  m a t c h e d  t h e  s i t e s  j u s t  n o r t h  o f  S O N G S .  H e r m o s a

B e a c h  ( 1 0 0  k r n  N )  a n d  V e n i c e  B e a c h  ( 1 1 5  k m  N )  w e r e  s e l e c t e d  b e c a u s e  a d u l t

s a n d  c r a b s  a r e  g e n e r a l l y  a b u n d a n t  t h e r e .  B e c a u s e  o f  t h e i r  c l o s e r

p r o x i m i t y  t o  d o m e s t i c  a n d  i n d u s t r i a l  d i s c h a r g e s ,  t h e s e  t h r e e  b e a c h e s

w i t h i n  t h e  S a n  P e d r o  a n d  S a n t a  M o n i c a  l i t t o r a l  c e 1 l s  m a y  h a v e  h i g h e r

\#
\6

,/ 16
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concen t ra t i ons  o f  rne ta l l i c  and  non -meta l l i c  po l l u tan ts  than  those  nea r

San  Ono f re .  S ince  me ta l l i c  po l l u t i on  i s  one  o f  t he  po ten t i a l  ways  SONGS

cou ld  a f fec t  sand  c rab  popu la t i ons ,  i t  was  des i rab le  to  samp le  o the r

beach  s i t es  tha t  had  the  po ten t i a l  f o r  a  s im i l a r  t ype  o f  impac t .

Mor ro  Bay  S ta te  Pa rk  sand  sp i t  ( 450  km N)  was  added  to  the  samp l ing

s i tes  fo r  t he  Augus t  su rvey .  Th i s  s i t e  was  o f  i n te res t  because  the

sediments conta in more coarse sand and gravel  than the beach near  San

Ono f re ,  ye t  t he  beach  nea r  Mor ro  Bay  apparen t l y  suppor t s  g rea te r

numbers of  sand crabs than the beach near  San Onofre (Wenner 'k ,  pefs .

comm.  ) .

A l though  beach  a reas  were  se lec ted  o r i g ina l l y  f o r  h i s to r i ca l

reasons or  for  hav ing tendencies for  cer ta in  env i ronmenta l

cha rac te r i s t i cs  o r  genera l  sand  c rab  abundance ,  i t  shou ld  be  emphas l - zed

tha t  an  e lemen t  o f  randomness  was  i n t roduced  in  the  se lec t i on  o f  t he

spec i f i c  samp l i ng  s i t es .  Th i s  was  because  t he  spec i f i c  s t r e t ches  o f

beach  t o  be  samp led  we re  a l so  se lec ted  on  t he  bas i s  o f  o the r  f ac to r s

such  as  max im iz ing  ease  o f  access  wh i l e  a t  t he  same t ime  m in im iz ing  the

in f l uence  o f  n igh t  l i gh t i ng ,  beachgoers ,  and  obs t ruc t i ons ,  where

poss ib l e .

A t  mos t  o f  t he  se lec ted  s i t es ,  a  su i t ab le  500  m  s t re t ch  o f  beach

was  iden t i f i ed  i n  advance  o f  samp l ing .  S ince  sand  c rabs  agg rega te  nea r

p ie rs  and  rock  ou tc rops  (Herb inssn :k : ' < ,  pe rs .  comm.  )  and  because  o f  t he

va r iab le  t ype  and  number  o f  obs t ruc t i ons  on  d i f f e ren t  beaches ,  on l y

open  s t re t ches  o f  beach  a t  l eas t  100  m away  f rom any  p ie r  and  30  m f rom

any  ou tc rop  were  samp led .  Fo r  t he  same reasons ,  a reas  w i th in  30  m o f

' k  D r .  Ad r ian  M.  Wenner ,  p rev ious  i nves t i ga to r  f o r  MRC sand  c rab  s tud ies ,
Un i ve rs i t y  o f  Ca l i f o rn i a ,  San ta  Ba rba ra .

>! :k  141.  Kevin Herb inson,  prev ious sand crab f isherman,  Southern
Ca l i f o rn i a  Ed i son .  Rosemead .
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f r eshwa te r  s t reams  were  avo ided .  The  few  a reas  no t  p rese lec ted  were

iden t i f i ed  a t  t he  beg inn ing  o f  t he  f i r s t  su rvey .  A reas  samp led  du r ing

the f i rs t  survey were reta ined for  the remain ing two surveys.  The beach

s i te  55  km S  was  an  excep t i on .  Dur ing  the  f i r s t  su rvey ,  t he  p rese lec ted

500  m a rea  was  pa r t l y  be low  t i de  l eve l ,  and  an  a rea  tha t  ove r lapped  the

p rese lec ted  a rea  bu t  ex tended  fa r the r  sou th  was  samp led  i ns tead .  The

prese lec ted  a rea  a t  65  km S  was  samp led  du r ing  the  two  subsequen t

su rveys .

2 .L .2  Beach  Samp l i ng  Gea r

Quan t i t a t i ve  samp les  o f  sand  c rabs  were  co l l ec ted  w i th  a  po r tab le ,

hand - towed  s l ed -ne t  dev i ce  (F igu re  2 -2 ) ,  wh i ch  was  deve loped

spec i f i ca l l y  f o r  t hese  s tud ies .  A f t e r  ex tens i ve  f i e l d  t r i a l s ,  f ou r

iden t i ca l  sa rnp le rs  o f  t he  op t ima l  des ign  were  bu i l t .  The  mou th  o f  t he

samp le r  i s  a  me ta l  box  (25  em X  16  cm mou th  open ing )  wh ich  ex tends  7 .6  cm

(3  i nches )  be low  the  sk ids  a t  an  a t tack  ang le  o f  15  deg rees  be low

ho r i zon ta l .  A  s l ed  cu t  t o  a  un i f o rm  dep th  o f  7 .6  cm when  pu l l ed  a t

app rox ima te l y  30  cm/sec .  The  sand  c rabs  were  cap tu red  by  scoop ing  up

the  sand  i n  wh ich  they  a re  pa r t l y  bu r ied .  Se r ies  o f  t es t s  showed  tha t

fewer than L% of  the crabs avoided the sampler  by burrowing downward.

The  samp le r  ne t  was  cons t ruc ted  o f  1  mm X  2  mm po lyes te r  mes t r ,

wh i ch  re ta i ned  a l l  s i ze  g roups  o f  c rabs ,  and  was  4 .6  m  l ong .  A t  t he

s ta r t  o f  each  tow  the  ne t  was  fo lded  l i ke  an  acco rd ion  a t  t he  t ra i l i ng

edge  o f  t he  samp le r  box .  Then  as  the  Low was  made  (abou t  30  cm lsec )  t he

ne t  f i l l ed  w i th  sand  ( i nc lud ing  c rabs )  and  un fo lded  p rog ress i ve l y  un t i l

i t  was  fu l l y  ex tended .  S ince  the  samp l ing  dev i ce  pu rpose ly  took  beach

sand  as  we l l  as  c rabs ,  t he  samp le  was  washed  c lean  a t  t he  end  o f  each

tow .
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Fo l l ow ing  wash ing ,  t he  samp le  was  s ieved  th rough  a  se t  o f

pe r fo ra ted  p las t i c  t ubs  to  separa te  the  sand  c rabs  i n to  g raded  s i ze

g roups .  Ac tua l l y ,  t he  c rabs  separa te  themse lves  by  back ing  down  in

wa te r - sa tu ra ted  sand  un t i l  encoun te r i ng  a  tub  w i th  an  o r i f i ce  sma l l e r

than  the i r  bod ies .  They  then  rema in  i n  t ha t  t ub  as  a  separa te  subse t  o f

the  samp le .

Fou r  se t s  o f  so r t i ng  s i eves ,  s im i l a r  t o  t hose  used  i n  ea r l i e r  SONGS

sand  c rab  s tud ies  (Wenner ,  1982) ,  we re  made  fo r  so r t i ng  l i ve  sand  c rabs

in  the  f i e ld .  Each  s ieve  se t  cons i s ted  o f  an  a r ray  o f  e igh teen  heavy

p las t i c  3  ga l l on  ( f l . 4  l i t e r )  bucke t s .  The  bo t t om o f  t he  f i r s t  bucke t

was  pe r f o ra ted  w i t h  20132  i nch  (15 .9  mm)  d i ame te r  ho1es .  Succeed ing

bucke t s  r anged ,  by  L l 32  i nch  (0 .8  mm)  dec remen ts ,  f r om L9132  i nch

(15 .5  mm)  t o  3132  i nch  (2 .4  mm) .  The  s i eves  we re  s tacked  i n  a  g raded

sequence  so  t ha t  t he  s i evew i t h the  l a rges t  ho les  (20132 )  was  on top  and

the  s i eve  w i t h  t he  sma l l es t  ho les  (3132  i nch )  was  on  t he  bo t t om.  The

s ieves  we re  numbered  acco rd ing  t o  ho le  s i ze  (e .g . ,  l f LO  =  20132  i nch ) .

Each  o f  t he  f ou r  s i eve  se t s  was  co lo r  coded  (b l ack ,  b l ue ,  g reen ,  o r

red ) .

To  compare  and  ca l i b ra te  the  fou r  s ieve  se ts ,  each  o f  f i ve

techn ic ians  measured  the  ca rapace  l eng th  o f  f i ve  randomly  se lec ted

an ima ls  f rom each  s ieve  o f  each  se t  (Append ix  A ) .  The  l ong  d imens ion  o f

the  ca rapace  was  measured  w i th  ca l i pe rs  to  the  nea res t  0 .1  mm.  The

ca l i b ra ted  mean  ca rapace  l eng ths ,  f o r  a l l  e igh teen  s ieves  o f  each  o f  t he

fou r  co lo r - coded  s ieve  se ts ,  we re  l a te r  used  to  conve r t  t ub  coun t  da ta

to  ca rapace  l eng th  f requenc ies .

In  add i t i on  to  these  samp l ing  and  so r t i ng  dev i ces ,  shove ls  were

used  t o  t ake  qua l i t a t i ve  samp les .  F i ve  ga l1on  p l as t i c  con ta i ne rs  we re

used  a t  each  beach  t o  co l l ec t  wa te r  f o r  subsequen t l y  ho ld i ng  l i ve
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an ima ls  i n  t he  l abo ra to ry .  Approp r ia te  g lass  o r  p las t i c  con ta ine rs

were  used  to  co l l ec t  wa te r  and  sed imen t  samp les  a t  each  tow  loca t i on  fo r

ana lys i s  o f  env i ronmen ta l  va r i ab les .

2 . L . 3  B e a c h  S a m p l i n g  a n d  F i e l d  P r o c e s s i n g

F u l 1 - s c a l e  s u r v e y s  w e r e  m a d e  i n  J u n e ,  J u l y ,  a n d  e a r l y  A u g u s t ,

wh ich  is  the  per iod  when sand c rabs  are  most  abundant  on  southern

C a l i f o r n i a  b e a c h e s .  T h e s e  s u r v e y s  i n c l u d e d  q u a n t i t a t i v e  s a m p l i n g ,

q u a l i t a t i v e  s a m p l i n g ,  a n d  d e t a i l e d  o b s e r v a t i o n s  o f  t h e  b e a c h

e n v i r o n m e n t s .  A d d i t i o n a l  s u r v e y s ,  o f  f e m a l e  r e p r o d u c t i v e  s t a t e ,  w e r e

m a d e  b e t w e e n  l a t e  A u g u s t  a n d  m i d - O c t o b e r ,  t h e  e n d  o f  t h e  s a n d  c r a b

b r e e d i n g  s e a s o n .

2 .L .3 .1  Fu11 -Sca1e  Beach  Su rveys

Sand  c rabs  and  the  env i ronmen ta l  cha rac te r i s t i cs  o f  t he  beach

s i t es  we re  su rveyed  11 -14  June ,  30  June -3  Ju l y ,  and  2 -5  Augus t .  The

su rvey  pe r iods  were  se lec ted  w i th  cons ide ra t i on  to  day -n igh t  and  t i da l

cyc1e .  Samp l ing  was  conduc ted  a f te r  da rk ,  when  sand  c rabs  a re  more

un i fo rm ly  d i s t r i bu ted  ac ross  the  beach  s lope  and  l ongshore  (Fusa ro ,

1980b ;  Wenner  ,  L982)  .  Mos t  samp les  were  taken  du r ing  the  ebb  and  s lack

pe r iods  o f  t he  t i de ,  when  sand  c rabs  tend  to  become more  agg rega ted  i n

the  onshore -o f f sho re  d i rec t i on  o f  t he  beach  s lope  and  the re fo re  a re

eas ie r  t o  samp le  ( l denne r  and  He rb inson ,  pe rs .  comm. ;  MEC obse rva t i ons ) .

Beach  s i t es  were  samp led  du r ing  the  ebb  and  s lack  pe r iods  o f  a  sp r ing

t i de  i n  June ;  however ,  t he  ex t reme t i da l  f l uc tua t i on  made  samp l ing

d i f f i cu l t  a t  mos t  beaches .  On  the  upper  pa r t  o f  t he  ebb  cyc le ,  sand

c rabs  were  somet imes  washed  ove r  t he  be rm,  and  on  the  l ower  pa r t  o f  t he

cyc le ,  t hey  somet imes  rn ig ra ted  down  the  beach  s lope  to  ve ry  coa rse  sand
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and /o r  rocky  a reas .  To  fac i l i t a te  s led  tow  samp l ing ,  subseguen t

surveys were conducted pr imar i ly  dur ing the ebb and s lack per iods of

neap  t i des  tha t  had  m in ima l  t i da l  f l uc tua t i ons .

Dur ing  Ju l y ,  i t  was  no t  poss ib le  to  samp le  a l l  t he  beach  s i t es  on

the  same cyc le  o f  t he  t i de .  A  consecu t i ve  fou r - f i ve  day  pe r iod  was  no t

ava i l ab le  t ha t  sa t i s f i ed  t he  samp l i ng  des ign l  i . e . ,  a  n i gh t i r ne  ebb

cyc le  du r ing  a  pe r iod  o f  1ow t i da l  f l ue tua t i on .  A  fou r -day  pe r iod  o f

l ow  t i da l  f l uc tua t i on  tha t  i nc luded  two  days  su i tab le  fo r  samp l ing  the

ebb  cyc le  a t  n igh t  was  se lec ted  as  the  bes t  compromise .  Beach  s i t es

12 krn,  18 km, and 45 km south of  SONGS and those at  and nor th of  the s i te

6 .5  km N  were  samp led  du r ing  the  ebb  cyc le  o f  a  neap  t i de .  O the r  beach

s i t es  sou th  o f  6 .5  km N  ( i . e . ,  1 . 5  km N ,  0 .4  km N ,  1 .5  km S ,  6 .5  km S ,  25

km S ,  and  65  km S)  were  samp led  du r ing  the  pe r iodwhen  the  s lack  t i de

tu rned  toward  the  f l ood  cyc le .  B ias  due  to  samp l ing  some beach  s i t es  on

a  d i f f e ren t  t i da l  cyc le  i n  Ju l y  was  m i t i ga ted  i n  t h i s  i ns tance  by  the

samp l ing  des ign  fo r  t he  fo l l ow ing  reasons :  (1 )  t he re  was  a  sma l l  t i da l

r ange  ( l ess  t han  0 .7  m  -  2  f ee t )  du r i ng  t hese  Ju l y  neap  t i des ,

the re fo re ,  sand  c rabs  d id  no t  m ig ra te  g rea t  d i s tances  up  and  down  the

beacha  (2 )  a l t hough  the  w id th  o f  t he  pa tches  may  have  va r ied  w i th  the

t i da l  c yc1e ,  i t  was  poss ib l e  t o  f u l l y  samp le  t he  sand  c rab  pa t ches ;  and

(3)  samples were taken at  n ight  when large sand crabs are more evenly

d i s t r i bu ted  sho reward  w i t h  t he  sma11  sand  c rabs  (Fusa ro ,  1980b ) .

A l though  samp l ing  b ias  was  no t  expec ted  fo r  t he  Ju l y  samp l ing ,  t he

po ten t i a l  f o r  i t s  occu r rence  i s  f u r the r  examined  i n  l i gh t  o f  t he  da ta

ana l ys i s  and  i s  d i scussed  i n  sec t i on  3 .3  o f  t h i s  r epo r t .

I n  Augus t ,  a l l  beach  s i t es  were  samp led  du r ing  the  ebb  cyc le  o f  a

neap  t i de .
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Excep t  f o r  t he  f i r s t  day  o f  sa :np l i ng  i n  June ,  a l l  beach  s i t es  were

sampled in  the same way dur i -ng a g iven survey,  but  some techniques were

mod i f i ed  be tween  su rveys .  Append ix  B  con ta ins  de ta i l s  o f  t he  beach

samp l ing  p ro toco l  f o r  each  o f  t he  th ree  su rveys .

A f te r  t he  f i r s t  sa rnp l i ng  n igh t  o f  June ,  t he  number  o f  s i t es  samp led

on  each  beach  was  dec reased  f rom n ine  (wh ich  tu rned  ou t  t o  be  i n feas ib le

due  t o  t ime  cons t ra i n t s )  t o  s i x ,  and  i ns tead  o f  f i l t e r i ng  t he

ch lo rophy l l  and  ses ton  samp les  i n  t he  f i e1d ,  t hey  were  f i l t e red  i n  t he

labo ra to ry .

A l though  more  even ly  d i s t r i bu ted  i n  t he  l ongshore  d i rec t i on  a t

n igh t ,  i t  was  found  tha t  sand  c rabs  neve r the less  may  be  s t ra t i f i ed  i n

pa tches .  I n  June  the  samp l ing  l oca t i ons  w i th in  the  500  m s tudy  s i t es

were  randomly  p rese lec ted  (bV  consu l t i ng  a  random numbers  tab le )

w i thou t  rega rd  to  the  obse rved  l oca t i ons  o f  sand  c rab  pa tches .  I n

subsequen t  su rveys ,  a  s t ra t i f i ed - random samp l ing  me thod  was  used  to

improve est imates of  sand crab abundance.  Random sampl ing locat ions

were  se lec ted  w i th in  sand  c rab  pa tch  and  i n te rpa tch  a reas  ( s t ra ta )  a t

each  s tudy  s i t e  and  samp les  were  taken  a t  a  d i s tance  o f  a t  l eas t  1  m

wi th in  the  bo rde rs  o f  t he  se lec ted  pa tch  and  i n te rpa tch  a reas .  The

fo l l ow ing  gene ra l i zed  d i scuss ion  o f  p rocedu res  re fe r s  t o  t h i s  l a t t e r

me thod  o f  se lec t i ng  samp l i ng  l oca t i ons .

P r io r  t o  samp l ing ,  obse rve rs  paced  the  500  m s t re t ch  o f  beach  to

m a p  t h e  g e n e r a l  d i s t r i b u t i o n  o f  s a n d  c r a b s .  T h e y  c o u n t e d  p a t c h e s ,

m e a s u r e d  p a t c h  d i m e n s i o n s  a n d  d i s t a n c e s  b e t w e e n  p a t c h e s ,  a n d  e s t i m a t e d

cobb le  coverage on  the  sand.  Then s led  sampl ing  was done a t  one random
, ' ' ' . ' , ' ' / f f

pos i t i on  i n  each  o f  f ou r  randomly  se lec ted  pa tches  and  a t  two  t " r rdo r i

p o s i t i o n s  b e t w e e n  p a t c h e s ,  w h e n  p o s s i b l e .  W h e n  a  b e a c h  s i t e  h a d  f e w e r

t h a n  f o u r  p a t c h e s ,  i t  w a s  s a m p l e d  a c c o r d i n g  t o  a  p r e d e t e r m i n e d  s c h e m e
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(F igu re  2 -3 ) .  S led  tows  were  made  comp le te l y  t h rough  the  w id th  o f

pa t ches ,  f r om wa te r ' s  edge  t owa rds  sho re ,  t o  r educe  t he  e f f ec t s  o f

sma l1 -sca1e  va r iab i l i t y  i n  popu la t i on  s t ruc tu re  tha t  may  occu r  w i th in

aggrega t i ons .  Pa tches  w ide r  t han  the  l eng th  o f  t he  ne t  were  samp led

e i t he r  by  a  second  s l ed  t ow  o rby  shove l .  Usua l l y  t he  s l edwas  t owed  t he

leng th  o f  t he  ne t  i n  i n te rpa tch  a reas .

A f t e r  be ing  p rocessed  t h rough  t he  so r t i ng  s i eves  ( sec t i on  2 .L .2 ) ,

t he  sand  c rabs  (18  subsamp les  pe r  t ow)  were  p rese rved  i n  10% fo rma l i n -

seawa te r .  Each  subsamp le  was  l abe led  w i th  the  fo l l ow ing  i n fo rma t ion :

su rvey ,  beach  s tudy  s i t e ,  samp le  l oca t i on ,  t ype  o f  samp le  ( i . e . ,  s l ed

tow  o r  shove l ) ,  and  s i eve  s i ze .  The  co lo r  o f  t he  s i eve  se t  used  t o  so r t

t he  an ima ls  was  reco rded  i n  the  f i e ld  repo r t .

A t  some s i t es  coa rse  sed imen ts  c logged  the  two  sma l l e r  s ieves

(4132  and  3132  inch ) .  The re fo re ,  t hey  were  removed  f rom the  se t  a t

t hose  s i t es .  Coun ts  o f  sand  c rabs  re ta i ned  by  t he  two  sma l l e r  s i zes  o f

s ieves  a t  beach  s i t es  w i th  f i ne  sed imen ts  were  de le ted  f rom a l l  da ta

ana l yses .

Add i t i ona l  qua l i t a t i ve  sand  c rab  samp les  were  taken  w i th  shove ls

du r ing  the  Ju l y  and  Augus t  su rveys  and  were  used  as  fo l l ows :  (1 )  t o

s u p p l e m e n t ,  w h e n  a p p r o p r i a t e ,  s l e d  t o w  c o l l e c t i o n s  f o r  t h e  p o p u l a t i o n

s t ruc tu re  s tud ies l  ( 2 )  t o  supp lemen t ,  when  necessa ry ,  t he  an ima l s  used

f o r  s t u d i e s  o f  g u t  c o n t e n t s ,  p a r a s i t e s ,  a n d  c l u t c h  s i z e ;  ( 3 )  f o r

h i s t o l o g i c a l  a n a l y s i s  o f  o v a r i e s  o f  f e m a l e  s a n d  c r a b s ;  ( 4 )  f o r  g e n e t i c

s t u d i e s  ( t h i r d  s u r v e y  o n l y ) ;  a n d  ( 5 )  t o  b e  p o t e n t i a l l y  u s e d  f o r  m e t a l l i c

a n d  n o n - m e t a 1 l i c  p o l l u t a n t  a n a l y s e s .  T h e s e  s a n d  c r a b s  t r a n s p o r t e d

a l i v e  t o  t h e  l a b o r a t o r y  i n  d a m p  s a n d  i n s i d e  o p e n  m e s h  l a u n d r y  b a g s  f o r

process ing  the  nex t  day  a t  a  nea rby  beach  (no t  a  s tudy  s i t e ) .
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Dur ing  the  Ju l y  su rvey  they  were  p rocessed  th rough  so r t i ng  s ieves ,

counted accord ing to  sex,  and examined for  reproduct ive condi t ion

( f ema les ,  t o  a  max imum o f  100  pe r  s i eve ) .  Ma le ,  new ly -mo l t ed ,  and

darnaged sand crabs were preserved in  formal in .  Females reta ined on

s ieves  8 -20  (max imum o f  120 )  were  kep t  a l i ve  fo r  depura t i on  (gu t

c leans ing )  i n  wa te r  t aken  f rom the i r  pa r t i cu la r  beach  s i t e ,  and  fo r

subsequen t  p rocess ing  f o r  po ten t i a l  ana l yses  o f  po l l u t an t s .  The

rema in ing  fema les  were  p laced  i n  separa te  j a rs  co r respond ing  to  s ieve

s i ze  and  p rese rved  i n  fo rma l i n .

Dur ing the August  survey,  two sets  of  shovel  samples were

co l l ec ted  to  p rov ide  enough  sand  c rabs  fo r  t he  supp lemen ta ry  and

po ten t i a l  ana l yses  (desc r i bed  above ) .  One  se t  ( des igna ted  ca tego ry  3

i n  t he  f i e l dp ro toco l ,  Append i xB )  was  so r t ed  t h rough  s i eves  15 ,  11 ,  and

8 .  Ca tego ry  3  fema le  sand  c rabs  f rom each  s ieve  were  kep t  sepa ra te  and

taken  to  the  l abo ra to ry  fo r  depura t i on .  They  were  then  p rocessed  fo r

use  i n  ana lyses  o f  me ta l  and  non -meta l  po l l u tan ts .  Sand  c rabs  sma l l e r

than  s ieve  8  were  p rese rved  i n  fo rma l i n .  The  second  se t  o f  shove l

samp les  (des igna ted  ca tego ry  2  i n  t he  f i e l d  p ro toco l )  was  p rocessed

l i ke  the  Ju l y  su rvey  samp les .  Tha t  i s ,  sand  c rabs  were  so r ted ,  coun ted

acco rd ing  to  sex ,  and  the  fema les  were  examined  fo r  rep roduc t i ve

cond i t i on .  I f  no t  enough  fema les  were  co l l ec ted  i n  t he  f i r s t  se t  o f

shove l  samp les  ( ca tego ry  3 ) ,  ca tego ry  2  fema le  sand  c rabs  f rom s ieves  8 -

20  we re  a l so  p rocessed  f o r  po ten t i a l  ana l yses  o f  me ta l s  and  syn the t i c

o rgan ics .  Ma le  and  fema le  sand  c rabs  re ta ined  on  s ieves  6 -9  were  saved

(max imum o f  I 00 )  f o r  gene t i c  s t ud ies .  These  we re  s to red  i n  p l as t i c  bags

on  d ry  i ce  fo r  t ranspor t  back  to  the  l abo ra to ry ,  where  they  were

p rocessed  f u r t he r .
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A t  e a c h  b e a c h  s i t e ,  w a v e  h e i g h t ,  p e r i o d ,  a n d  a n g l e  o f  i n c i d e n c e  t o

t h e  b e a c h  ( A u g u s t  s u r v e y )  w e r e  e s t i m a t e d .  A t  e a c h  s l e d  s a m p l i n g

l o c a t i o n ,  e s t i m a t e s  w e r e  m a d e  o f  t h e  b e a c h  w i d t h  a n d  s l o p e ,  a n d  t h e

p e r c e n t  c o b b l e  c o v e r a g e  o n  t h e  b e a c h  f a c e ,  i n  t h e  w a v e  w a s h ,  a n d  i n

k n e e - d e e p  w a t e r .  T h e  o c e a n  t e m p e r a t u r e  w a s  m e a s u r e d  i n  k n e e - d e e p

w a t e r .  S a n d  a n d  w a t e r  s a m p l e s  w e r e  t a k e n  a t  e a c h  s l e d  l o c a t i o n  f o r

a n a l y s e s  o f  e n v i r o n m e n t a l  v a r i a b l e s .  S a n d  s a m p l e s  f o r  g r a i n  s i z e

d i s t r i b u t i o n ,  s a l i n i t y / m o i s t u r e  c o n t e n t ,  t o t a l  o r g a n i c  c a r b o n ,

c h l o r o p h y l l - a ,  " p h a e o p h y t i n "  ( p h a e o p i g m e n t s :  p h a e o p h y t i n - a  a n d

p h a e o p h o r b i d e - a ) ,  a n d  p o l l u t a n t  a n a l y s e s  w e r e  t a k e n  w i t h  s e d i m e n t

c o r i n g  c u p s .  D u r i n g  t h e  A u g u s t  s u r v e y ,  w a t e r  s a m p l e s  w e r e  t a k e n

i m m e d i a t e l y  f r o m  t h e  c o r e  h o l e s  f o r  d i r e c t  s a l i n i t y  m e a s u r e m e n t s .  A

water  sample  a lso  was taken f rom the  ad jacent  wave wash fo r  measurement

o f  s e s t o n ,  o r g a n i c  c a r b o n ,  c h l o r o p h y l l - a ,  a n d  p h a e o p h y t i n .

W a t e r  s a m p l e s ,  a n d  s a n d  s a m p l e s  f o r  n o n - m e t a l  p o l l u t a n t  a n a l y s e s ,

w e r e  h e l d  i n  g l a s s  c o n t a i n e r s .  O t h e r  s a n d  s a m p l e s  w e r e  h e l d  i n  p l a s t i c

c o n t a i n e r s .  W a t e r  s a m p l e s  a n d  s e d i m e n t  m o i s t u r e / s a l i n i t y  s a m p l e s  w e r e

s t o r e d  o n  i c e  i n  t h e  f i e l d .  O t h e r  s e d i m e n t  s a m p l e s  w e r e  s t o r e d  i n  t h e

f i e l d  o n  d r y  i c e  p r i o r  t o  l a b o r a t o r y  p r o c e s s i n g .  O n  d e p a r t u r e  f r o m  e a c h

b e a c h  s i t e ,  d  5  g a l l o n  p l a s t i c  c a r b o y  w a s  f i 1 1 e d  w i t h  w a t e r  f o r  h o l d i n g

a n d  d e p u r a t i n g  l i v e  s a n d  c r a b s .

N e a r  f i v e  o f  t h e  b e a c h  s i t e s  ( 4 5  k m  S ,  2 5  k m  S ,  1 8  k m  S ,  6 . 5  k m  N ,

1 5 . 5  k m  N )  s a n d  c o r e  a n d  w a t e r  s a m p l e s  w e r e  c o l l e c t e d  a t  t h e  m o u t h s  o f

s t r e a m s  t h a t  e r n p t y  i n t o  t h e  s e a  ( F i g u r e  2 - L ) .  E a c h  o f  t h e s e  s t r e a m s  i s

l o c a t e d  w i t h i n  a  k i l o m e t e r  o f  t h e  a s s o c i a t e d  b e a c h  s a m p l i n g  a r e a .  W a t e r

s a m p l e s  a n d  s a n d  s a m p l e s  f o r  a n a l y s e s  o f  n o n - m e t a l  p o l l u t a n t s  w e r e  h e l d

i n  g l a s s  c o n t a i n e r s .  S a n d  s a m p l e s  f o r  m e t a l  a s s a y s  w e r e  h e l d  i n  p l a s t i e

c o n t a i n e r s .  A 1 1  s a m p l e s  w e r e  s t o r e d  o n  i c e  i n  t h e  f i e l d  u n t i l  a r r i v a l
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a t  t he  l abo ra to ry .  The  s t ream mou ths  were  samp led  immed ia te l y  a f te r  t he

Ju Iy  and  Augus t  beach  s i t e  su rveys .

Sand  c rabs  were  no t  f u l l y  samp led  a t  two  beach  s i t es  du r ing  the

fu l1 -sca le  Augus t  beach  su rvey .  Su r f  p reven ted  adequa te  samp l ing  a t

Ven ice  Beach  (115  km N)  on  5  Augus t .  A f te r  t he  su rvey  team had  rnapped

the  beach  bu t  p r i o r  t o  ac tua l  samp l ing ,  3  m waves  began  to  pound  a t  t he

shore  b reak  o f  t h i s  s teep  beach .  Abou t  15  m inu tes  be fo re  the  f i r s t  se t

o f  l a rge  waves ,  a l l  t he  v i s ib le  sand  c rab  pa tches  d i sappeared .  Two

subsequen t  s led  tows  y ie lded  few  c rabs .  The  heavy  su r f  cond i t i ons

las ted  fo r  a  week .  Ven ice  Beach  was  checked  aga in  j us t  be fo re  dusk  and

a t  n igh t  on  12 -13  Augus t ,  a f t e r  two  days  o f  m i l d  sea .  No  sand  c rab

pa tches  were  obse rved .  S ince  the  nex t  accep tab le  samp l ing  t i de  was  a

week  l a te r  (2  weeks  a f te r  samp l ing  the  o the r  beaches ) ,  Ven ice  Beach  was

no t  f u l I y  su rveyed  i n  Augus t .

The  beach  samp l ing  s i t e  a t  18  km S  i s  w i th in  the  boundar ies  o f  Camp

Pend le ton  Mar ine  Corps  base .  0n  a r r i va l  t he re  i n  Augus t ,  t he  su rvey

c rew found  the  beach  cove red  w i th  amph ib ious  veh ic le  t racks  as  a  resu l t

o f  m i l i t a ry  t ra in ing  maneuvers .  The  su rvey  team checked  the  beach  fo r

sand  c rabs  du r ing  bo th  the  ou tgo ing  and  i ncoming  t i des .  No  sand  c rabs

were  found  i n  s led  tows  no r  i n  random shove l  samp les  taken  i n  l ow ,  m id ,

and  h igh  t i de  zones ,  no r  were  any  found  i n  shove l  samp les  taken  be low

the wave wash zone.  Eight  hours were spent  searching wi th in  the s tudy

s i te ,  and  500  rn  to  the  no r th  and  sou th .  The  beaeh  was  rev i s i t ed  5  days

la te r  a t  n igh t  on  the  ou tgo ing  t i de .  The  sand  was  marked  w i th  veh ic le

t racks ,  bu t  f ewer  than  the  f i r s t  v i s i t .  Aga in ,  Do  sand  c rabs  were

found .  The  beach  s i t e  18  km S  was  no t  v i s i t ed  aga in  i n  1983 .
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2 .1 .3 .2  Abb rev ia ted  Beach  Su rveys

In la te August  and September,  abbrev iated surveys were made to

obse rve  the  p ropo r t i on  o f  t he  fe rna le  popu la t i on  w i th  eggs ,  t he

deve lopmen ta l  s tage  o f  t he  eggs ,  and  the  occu r rence  o f  spen t  egg  cases .

The phys ica l  env i ronment  was ignored dur ing these surveys.  An in i t ia l

examina t i on  o f  f ema le  sand  c rabs  a t  f i ve  beach  s i t es  i n  l a te  Augus t  was

fo l l owed  by  examina t i ons  a t  s i x  s i t es  i n  Sep tember  ( two  v i s i t s  t o  each )

( fab le  2 -L ) .  V i s i t s  were  made  a t  2  week  i n te rva l s  du r ing  ebb  t i de  a t

n igh t ,  i f  poss ib le .  To  obse rve  rep roduc t i ve  s ta te ,  f ema le  sand  c rabs

were  samp led  by  shove l  f rom th ree  d i f f e ren t  pa tches  ( two  a t  65  km S)  on

each  s i t e  v i s i t  du r i ng  Sep tember .  The  two  sou the rn -mos t  s i t es  had

rep roduc t i ve  fema les  i n  Sep tember  and  were  rev i s i t ed  i n  Oc tobe r  (Tab le

2 -L )  .

Du r i ng  t he  f i r s t  ( 9  Sep tember )  app ra i sa l  o f  t he  s i x  s i t es ,  sand

c rabs  were  found  a t  a l l  s i t es  bu t  45  km S .  However ,  sand  c rabs  were

found  a t  45  km S  the  fo l l ow ing  day .  Dur ing  the  second  (23  Sep tember )

app ra i sa l  o f  t he  s i x  beaches ,  sand  c rabs  were  spa rse  o r  no t  ev iden t  a t

f ou r  beaches  (65  km S ,  45  km S ,  100  km N ,  115  km N) .  These  f ou r  s i t es

were  success fu l l y  samp led  the  fo l l ow ing  day  (24  Sep tember ) .

0n1y  sand  c rabs  o f  s ieve  s i ze  5  o r  l a rge r  were  co l l ec ted  f rom the

shove l  samp les .  These  were  taken  a l i ve  to  the  l abo ra to ry ,  so r ted  i n to

s i eve  s i ze  ca tego ry  ( 5 -20 ) ,  p rese rved ,  and  exam ined  f o r  egg  cond i t i on .

S ince  rep roduc t i ve  fema les  were  found  a t  65  km S  on24  Sep tember ,  t h i s

s i t e  was  checked  aga in  on  5  Oc tobe r .  A  4  hou r  sea rch  on  ebb  t i de  du r ing

the day y ie lded one sand crab.  To fur ther  document  the end of  the

rep roduc t i ve  season ,  t h ree  o the r  beach  v i s i t s  were  made  in  Oc tobe r :

45  km S  on  6  Oc tobe r  and  19  Oc tobe r ,  and  50  km S  (Card i f f  Beach )  on  Lz

Oc tobe r ;  no  sand  c rabs  were  found  du r ing  these  l a te r  abb rev ia ted

su rveys .
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2 .2  Labora to ry  P rocess ing  and  Ana lyses

F ie ld  co l l ec t i ons  were  p r imar i l y  o f  f i ve  k inds  beach

env i ronmen t  samp les ,  sand  c rab  popu la t i on  samp les ,  sand  c rab

h i s to l og i ca l  samp les ,  sand  c rab  gene t i c  samp les ,  and  po l l u t an t  samp les .

Each  k ind  o f  samp le  was  p rocessed  d i f f e ren t l y .

l abo ra to ry  p ro toco l s  a re  g i ven  i n  Append ix  C .

Comprehens ive

2 . 2 . L  B e a c h  E n v i r o n n e n t  S a m p l e s

The env i ronmenta l  sample  examinat ion  inc luded ana lyses  o f  sand

c o r e s ,  w a t e r  f r o m  s a n d  c o r e  h o l e s ,  a n d  w a t e r  f r o m  t h e  w a v e  w a s h  a r e a

a d j a c e n t  t o  e a c h  s a n d  c r a b  s a m p l i n g  l o c a t i o n .

The sed iment  core  samples  th ree  per  beach fo r  each survey

w e r e  a n a l y z e d  f o r  g r a i n  s i z e ,  m o i s t u r e  c o n t e n t ,  i n t e r s t i t i a l  s a l i n i t y ,

t o t a l  o r g a n i c  c a r b o n ,  c h l o r o p h y l l - a ,  a n d  p h a e o p h y t i n .  F o r  t h e  J u n e

s u r v e y ,  s a m p l e s  w e r e  f r o m  c o r e s  t a k e n  a t  t h r e e  r a n d o m l y  p r e s e l e c t e d

s l e d  t o w  l o c a t i o n s .  F o r  t h e  J u l y  a n d  A u g u s t  s u r v e y s ,  t h r e e  c o m p o s i t e

samples  were  fo rmed by  combin ing  samples  f rom cores  taken f rom each o f

t w o  s i m i l a r  s l e d  t o w  s i t e s .  S i m i l a r i t y  o f  s l e d  t o w  s i t e s  w a s  d e t e r m i n e d

b y  p r o x i m i t y  o n  t h e  b e a c h  a n d / o r  w h e t h e r  t h e  s i t e s  w e r e  r e p o r t e d  a s

pa tch  o r  i n te rpa tch .
0

Sed imen t  co res  fo r  g ra in  s i ze  ana lyses  were  he ld  a t  0  C . Fo r

a n a l y s i s  a  3 0 - 5 0  m 1  s u b s a m p l e  w a s  t r a n s f e r r e d  t o  a  2 4 0 m \  b o t t l e ,  m i x e d

w i t h  1 5 0  m 1  o f  d e f l o c c u l e n t  ( s o d i u m  h e x a m e t a p h o s p h a t e ) ,  a n d  a l l o w e d  t o

s t a n d  f o r  8  h o u r s .  T h e n  t h e  s u s p e n d e d  s i l t l c l a y  p o r t i o n  w a s  d e c a n t e d ,

d r i e d ,  a n d  w e i g h e d .  T h e  s a n d  f r a c t i o n  w a s  s h a k e n  t h r o u g h  a n d  c o l l e c t e d

o n  e l e v e n  U . S . A .  S t a n d a r d  T e s t i n g  S i e v e s ,  w h i c h  r a n g e d  i n  0 . 5  p h i

i n t e r v a l s  f r o m  4 . 0  t o  - 1 . 0  p h i .  W h e n  c o m b i n e d  w i t h  t h e  s i l t l c L a y

w e i g h t ,  t h e  w e i g h t s  o f  t h e  f r a c t i o n  r e t a i n e d  o n  e a c h  s i e v e  a n d  o n  t h e

b o t t o m  c a t c h  p l a t e  g a v e  t h e  g r a i n  s i z e  d i s t r i b u t i o n  f o r  e a c h  s a m p l e .
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S e d i m e n t  c o r e s  t a k e n  f o r  m o i s t u r e  a n d  s a l i n i t y  a n a l y s e s  a n d

s e d i m e n t  c o r e  h o l e  w a t e r  s a m p l e s  f o r  s a l i n i t y  m e a s u r e m e n t  ( A u g u s t

s u r v e y )  w e r e  h e l d  a t  l 0 o C .  I n t e r s t i t i a l  m o i s t u r e  w a s  d e t e r m i n e d  b y

w e i g h i n g  a  1 0 0  m l  s u b s a m p l e  o f  w e t  s a n d ,  d r y i n g ,  a n d  r e - w e i g h i n g .  T o

d e t e r m i n e  s a l i n i t y ,  t h e  d r i e d  s u b s a m p l e  w a s  r e h y d r a t e d  w i t h  d i s t i l t e d

w a t e r ,  a g i - t a t e d ,  a n d  d e c a n t e d .  T e m p e r a t u r e ,  s a l i n i t y ,  a n d  c o n d u c t i v i t y

w e r e  m e a s u r e d  w i t h  a  Y e 1 1 o w  S p r i n g s  I n s t r u m e n t  ( Y S I )  s a l i n o m e t e r .  T h e

Y S I  s a l i n o m e t e r  a l s o  w a s  u s e d  t o  m e a s u r e  t h e  s a l i n i t y  o f  s e a  w a t e r

s a m p l e s  c o l l e c t e d  f r o m  s e d i m e n t  c o r e  h o l e s  d u r i n g  t h e  A u g u s t  s u r v e y .

T o t a l  o r g a n i c  c a r b o n  i n  s e d i m e n t  s a m p l e s  w a s  m e a s u r e d  w i t h  a n

0 c e a n o g r a p h y  I n t e r n a t i o n a l  m o d e 1 -  5 2 4 - B  a n a l y z e r .  S u b s a m p l e s  ( 2 0 - 5 0  g )

w e r e  d r i e d  a t  7 0 o C  f o r  1 2  h o u r s ,  g r o u n d  t o  p o w d e r ,  p l a c e d  i n p r e w e i g h e d

a n d  p r e c o m b u s t e d  a m p u l e s ,  a n d  r e w e i g h e d .  P h o s p h o r i c  a c i d  a n d  p o t a s s i u m

persu l fa te  were  added and then oxygen was in t roduced to  ox id ize  and

Purge the  inorgan ic  carbon.  The ampules  were  then sea led ,  heated  in  an

a u t o c l a v e ,  a n d  t h e  C O Z  w a s  m e a s u r e d  w i t h  a  n o n - d i s p e r s i v e  i n f r a r e d

a n a l y z e r .  S t a n d a r d  c o n c e n t r a t i o n s  o f  p o t a s s i u m  b i p h t h a l a t e  w e r e

m e a s u r e d  a t  t h e  s a m e  t i m e  f o r  r e f e r e n c e .

Ch lorophy l l -a  and "phaeophyt in "  (phaeop igments  :  phaeophyt in -a  and

p h a e o p h o r b i d e - a )  w e r e  e x t r a c t e d  f r o m  s a n d  c o r e  s a m p l e s  w i t h  L 0 0 %

a c e t o n e  a n d  m e a s u r e d  w i t h  a  T u r n e r  I l I  f i l t e r  f l u o r o m e t e r .  E a c h  s a m p l e

w a s  a c i d i f i e d  a n d  r e - m e a s u r e d .  T h e  p i g m e n t  c o n c e n t r a t i o n  c a l c u l a t i o n s

and the  ana ly t i c  p rocedure  are  g iven in  Append ix  C.

W a v e  w a s h  w a t e r  s a m p l e s  w e r e  a n a l y s e d  f o r  c h l o r o p h y l l -

a / p h a e o p h y t i n ,  a n d  f o r  s e s t o n / o r g a n i c  c a r b o n .  W a t e r  s a m p l e s  c o l l e c t e d

f o r  c h l o r o p h y l l - a  a n d  p h a e o p h y t i n  a n a l y s e s  w e r e  f i l t e r e d  ( M i l l i p o r e  A A )

i n r m e d i a t e l y  u p o n  a r r i v a l  a t  t h e  l a b o r a t o r y .  T h e  f i l t e r s  w e r e  s t o r e d  i n

a c e t o n e  ( 1 0 0 %  i n  J u n e  a n d  J u l y ,  9 0 %  i n  A u g u s t ) ,  f r o z e n ,  a n d  k e p t  i n  t h e
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dark  un t i l  measured  w i th  the  f l uo romete r .  Each  samp le  was  ac id i f i ed  and

remeasured .

Wave  wash  wa te r  samp les  fo r  ses ton  and  o rgan ic  ca rbon  ana lyses

were  f i l t e red  th rough  p re t rea ted ,  p rewe ighed  GFC f i l t e rs  as  soon  as

they  a r r i ved  a t  t he  l abo ra to ry .  The  f i l t e r s  were  he ld  i n  t he  da rk  a t  0oC

un t i l  ana l yzed .  Ses ton  and  ca rbon  ana lyses  cons i s ted  o f  d ry ing  the
0 0

f i l t e r s  ( 70  C  f o r  t  hou r ) ,  we igh ing  t hem,  combus t i ng  t hem (450 -500  C  f o r

24  hou rs ) ,  and  rewe igh ing  them.  The  d ry  we igh t  o f  t he  samp le  was  the

es t ima te  o f  ses ton ,  and  the  combus t i on  l oss  was  p ropo r t i ona l  t o  t he

ca rbon  i n  t he  wave  wash  samp le  (0 .5  x  ash - f r ee  d r y  we igh t ) .

2 .2 .2  Sand  C rab  Popu la t i on  Samp les

The  popu la t i on  a t t r i bu tes  examined  fo r  t he  th ree  fu l1 -sca le  summer

su rveys  were :  sex -spec i f i c  abundance ,  s i ze  d i s t r i bu t i on ,  and  b reed ing

cond i t i on  o f  f ema les .  P rese rved  samp les ,  wh ich  had  a l ready  been  so r ted

by  s ieve  s i ze  i n  t he  f i e ld ,  we re  enumera ted  i n  t en  sex / fecund i t y

ca tego r ies .  The  p re -so r ted  samp les  con ta in ing  more  than  150  sand  c rabs

were  sp l i t  w i t h  a  Fo l som p lank ton  sp l i t t e r  un t i l  a  subsamp le  o f  abou t  70

ind i v idua ls  was  ob ta ined .  Samp les  w i th  fewer  than  150  an ima ls  were

examined  i n  the i r  en t i re t y .  The  va r iab i l i t y  assoc ia ted  w i th  sp l i t t i ng

sand  c rab  samp les  was  ca l cu la ted  fo r  t en  samp les ,  each  w i th  80  o r  more

sand  c rabs .  The  mean  coe f f i c i en t  o f  va r i a t i on  was  l ess  than  LO7"

(Append i x  A ) .

The  ten  enumera t i on  ca tego r ies  i nc luded  s i x  ca tego r ies  fo r

f ema les  each  re l a ted  t o  a  b reed ing  s ta te  - -  one  ca tego ry  f o r  ma les ,

one  fo r  damaged  fema les  o r  j uven i l es ,  one  fo r  un iden t i f i ab le  damaged

sand  c rabs ,  and  one  fo r  un iden t i f i ab le  mo l t i ng  sand  c rabs .
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B e f o r e  t h e  i n c e p t i o n  o f  b r e e d i n g ,  a n d  p r e s u m a b l y  b e t w e e n  b r o o d s ,

female  sand c rabs  have unencumbered abdomina l  p leopods.  Upon

e x t r u s i o n ,  e g g s  a r e  a t t a c h e d  b y  s t a l k s  t o  t h e  h a i r s  o f  t h e  p l e o p o d s

( K n o x  a n d  B o o l o o t i a n ,  f 9 6 3 ) .  N e w l y  e x t r u d e d  e g g s  a r e  b r i g h t  o r a n g e  a n d

y o l k y  ( W h a r t o n ,  L 9 4 2 ;  M E C ,  p e r s .  o b s e r v a t i o n ) .  A s  t h e  e r n b r y o s  w i t h i n

d e v e l o p ,  t h e  e y e s  b e c o m e  v i s i b l e  a n d  t h e  a m o u n t  o f  y o l k  i n  t h e  e g g

d e c r e a s e s .  T h e  c o l o r  o f  t h e  e g g  d a r k e n s  a s  m o r e  p i g m e n t  f r o m  t h e  e y e s

b e c o m e s  v i s i b l e .  J u s t  b e f o r e  h a t c h i n g ,  w h e n  t h e  e m b r y o s  a r e  n e a r l y

f u l l y  d e v e l o p e d  l a r v a e ,  t h e  e y e s  a r e  c o n s p i c u o u s ,  t h e r e  i s  l i t t l e  y o l k ,

a n d  t h e  e g g s  a p p e a r  g r e y  t o  t h e  u n a i d e d  e y e  ( W h a r t o n ,  L 9 4 2 ;  M E C ,  p e r s .

o b s e r v a t i o n ) .  U p o n  h a t c h i n g  t h e  y o u n g  b e c o m e  f r e e - s w i m m i n g  t r a n s p a r e n t

z o e a  l a r v a e ;  t h e  r u p t u r e d  e g g  c a s e s  r e m a i n  a t t a c h e d  t o  t h e  p l e o p o d s  o f

t h e  p a r e n t  f e m a l e  f o r  a  t i m e .

T h e  s i x  b r e e d i n g  s t a t e  c a t e g o r i e s  a s s i g n e d  t o  f e m a l e s  i n c l u d e d  t h e

f i v e  r e g u l a r  s t a t e s  - -  c l e a n  p l e o p o d s ,  b r i g h t  o r a n g e  e g g s ,  b u r n t - o r a n g e

e g g s  ( y o l k y  w i t h  e y e s p o t s  )  ,  g r e y  e g g s ,  a n d  a t t a c h e d  s p e n t  e g g  c a p s u l e s .

T h e  s i x t h  c a t e g o r y  w a s  f e m a l e s  w i t h  s p e n t  e g g  c a s e s  a n d  a  f e w  r e s i d u a l

o r a n g e  o r  b u r n t - o r a n g e  e g g s  a s  w e 1 1 .  T h i s  c o n d i t i o n  m i g h t  o c c u r  i f  m o s t

o f  the  eggs  had premature ly  rup tured  by  the  t ime they  cou ld  reach the

s t a g e  o f  t h e  r e m a i n i n g  i n t a c t  e g g s ,  o r  i n  t h e  c a s e  o f  t h e  b r i g h t  o r a n g e

e g g s ,  i f  t h e  f e w  r e m a i n i n g  e g g s  h a d  n o t  b e e n  f e r t i l i z e d .

I n  a d d i t i o n  t o  b e i n g  e n u m e r a t e d  a c c o r d i n g  t o  t h e  s i x  c a t e g o r i e s ,

ov igerous  females  were  subsampled and examined fo r  ex te rna l  abdomina l

p a r a s i t e s ,  c l u t c h  s i z e ,  a n d  g u t  c o n t e n t s .  E a c h  o f  t h e s e  s u b s a m p l e s

i n c l u d e d  t e n  f e m a l e s  w i t h  b r i g h t  o r a n g e  e g g s .  T h e  t e n  s p e e i m e n s  w e r e

s e l e c t e d  a c c o r d i n g  t o  s i z e  b y  r a n d o m  s u b s a m p l i n g  p r o c e d u r e s  f r o m  t h e

s l e d  t o w  o r  s h o v e l  s a m p l e s  f r o m  e a c h  b e a c h  p a t c h  ( 4  p a t c h e s  e a c h  b e a c h

s i t e )  s a m p l e d  d u r i n g  e a c h  o f  t h e  f u 1 1 - s c a 1 e  s u m m e r  s u r v e y s .
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A sea rch  image  fo r  ex te rna l  pa ras i tes  was  deve loped  by  consu l t i ng

re fe rences  ( s i nde r rnan ,  L97o ;  couch ,  L978 ;  w i ckham,  1980 ;  F i she r ,  1983 )

and  a  l oca1  au tho r i t y  on  c rus taceans  (Dr .  John  Gar th ' k ) .  The

examina t i ons ,  done  under  a  d i ssec t i ng  m ic roscope ,  concen t ra ted  on  the

abdomina l  reg ion  o f  t he  sand  c rab  and  the  egg  mass .

To  de te rm ine  c lu t ch  s i ze ,  t hevo lume o f  each  egg  mass  was  measured

by d isp lacement ,  and the egg mass vo lume was conver ted to  numbers of

eggs  i n  a  c lu t ch  by  measur ing  (ocu la r  m ic romete r )  and  ca l cu la t i ng  the

vo lumes  o f  t en  i nd i v idua l  eggs  each  f rom two  fema les  f rom each  pa tch  on

a  beach  (E f f o rd ,  L959 ) .

Gut  contents  were examined af ter  egg masses had been removed.  The

fo regu t -and  the  h indgu t  were  exc i sed  and  examined  separa te l y .  Re la t i ve

fu l l ness  (none , .  L /2 , ,  I l 2 )  o f  f o regu t  and  o f  h i ndgu t  we re  de te rm ined

under  a  d i ssec t i ng  m ic roscope .  Then  the  con ten ts  were  removed  and

examined  under  a  compound  m ic roscope .  The  re la t i ve  amoun ts  o f  sand ,

phy top lank ton ,  and  un iden t i f i ed  de t r i t us  were  es t ima ted .  and  the

p resence  o f  c lea r l y  recogn izab le  o rgan isms  was  no ted .

2 . 2 . 3  S a n d  C r a b  H i s t o l o g i c a l  S a m p l e s

R e p r o d u c t i v e  f e m a l e  s a n d  c r a b s  w e r e  s e l e c t e d  f r o m  s l e d  t o w  a n d

s h o v e l  s a m p l e s  f o r  h i s t o l o g i c a l  a n a l y s i s  o f  t h e i r  o v a r i e s .  T h e

r e l a t i o n s h i p  b e t w e e n  t h e  d e v e l o p m e n t a l  s t a g e  o f  t h e  e x t e r n a l  e g g s  a n d

s t a g e  o f  t h e  o o g e n e s i s  c y c l e  w a s  i n v e s t i g a t e d  t o  e x a m i n e  w h e t h e r  a  h i g h

f r e q u e n c y  o f  f e m a l e s  w i t h  s p e n t  e g g  c a s e s  i n d i c a t e s  d i s r u p t i o n  o f  e g g

matura t ion  or  a  normal  synchronLzed ha tch ing  event .  As  a  fu r ther

i n d i c a t o r  o f  p o t e n t i a l  e n v i r o n m e n t a l  s t r e s s ,  t h e  i n c i d e n c e  o f  a t r e s i a

( d e g e n e r a t i o n  o f  o v a r i a n  f o l 1 i c l e s )  i n  t h e  o v a r y  w a s  e x a m i n e d .

' k  D r .  J o h n  G a r t h .  C u r a t o r  E m e r i t u s ,  C r u s t a c e a n s ,  U n i v e r s i t y  o f  S o u t h e r n
C a l i f o r n i a ,  L o s  A n g e l e s .
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Sixty  females were randomly se lected f rom three reproduct ive

ca tego r i es  (20  an ima l s  each ) - - f ema les  w i t h  b r i gh t -o range  eggs ,  f ema les

w i th  bu rn t -o range  o r  g rey  eggs ,  and  fema les  w i th  spen t  egg  cases - - f rom

each  o f  t he  fou r  beach  s i t es  tha t  had  fema les  i n  a l l  t hese  d i f f e ren t

rep roduc t i ve  s tages  ( i . e . ,  100  km N ,  0 .4  km N ,  25  k rn  S ,  and  45  km S ) .

Th i s  was  done  to  es tab l i sh  the  re la t i onsh ips  be tween  the  deve lopmen ta l

s tages  o f  t he  ex te rna l  eggs  and  i n te rna l  deve lopmen ta l  s tages  o f  t he

ova r ies .  A1so ,  20  fema les  w i th  spen t  egg  cases  were  randomly  se lec ted

f rom each  o f  t he  f o l l ow ing  beach  s i t es  nea r  SONGS z  L2  km N  ,  6 .5  km N ,

1 .5  km S ,  6 .5  k rn  S ,  and  12  km S .  These  beach  s i t es  l acked  su f f i c i en t

numbers  o f  f ema les  i n  t he  o the r  rep roduc t i ve  s tages .

Fema les  were  se lec ted  fo r  h i s to log i ca l  ana lys i s  f rom the  Augus t

su rvey ,  wh ich  had  the  on l y  se t  o f  samp les  w i th  su f f i c i en t  numbers  o f

fema les  i n  each  rep roduc t i ve  ca tego ry .  Mos t  o f  t he  rep roduc t i ve  fema les

a t  beach  s i t es  nea r  SONGS were  sma l l e r  t han  13  mm ca rapace  l eng th ,

the re fo re ,  mos t  f ema les  fo r  t h i s  ana lys i s  were  se lec ted  among  the

sma l l e r - s i zed  f ema les ;  howeve r ,  l a rge r  s i zed  f ema les  a l so  we re  se lec ted

f rom 100  km N .  Reproduc t i ve  fema les  were  de l i ve red  to  a  h i s to log i s t

(D r .  S teven  Go ldbe rg  o f  Wh i t t i e r  Co l l ege )  on  18  Ap r i l  1984 .

2 . 2 . 4  S a n d  C r a b  G e n e t i c  S a m p l e s

S a n d  c r a b s  f o r  g e n e t i c  s t u d i e s  ( A u g u s t  s u r v e y )  w e r e  c o l l e c t e d  w i t h

s h o v e l s  a n d  p r o c e s s e d  a t  t h e  s a m e  t i m e  a s  t h o s e  f o r  p o l l u t a n t  a n a l y s e s .

A b o u t  5 0  s a n d  c r a b s  f r o m  s i e v e s  6 - 9  w e r e  s e l e c t e d  f r o m  a t  l e a s t  t w o

p a t c h e s  f r o m  e a c h  b e a c h  t h a t  h a d  s a n d  c r a b s  ( 1 8  k m  S ,  1 . 5  k m  N ,  a n d

1 1 5  k m  N  d i d  n o t ) ,  p l a c e d  i n  p l a s t i c  b a g s ,  a n d  h e l d  a t  O o C .  T h e  s a m p l e s

w e r e  d e l i v e r e d  t o  t h e  g e n e t i c i s t  ( D r .  R i c h a r d  B e c k w i t t  o f  O c c i d e n t a l

C o l l e g e )  w i t h i n  8  d a y s  o f  t h e  f i r s t  n i g h t  o f  s a m p l i n g .  G e n e t i c  s t u d i e s

w e r e  u n d e r  t h e  d i r e c t i o n  a n d  f u n d i n g  o f  S o u t h e r n  C a l i f o r n i a  E d i s o n .
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2 .2 .  5  Po l l u t an t  Sa rnp les

The  fema le  sand  c rabs  to  be  ana lysed  fo r  me ta l s  and  non -meta l l i c

po l l u tan ts  were  depura ted  fo r  24  hou rs .  Fo r  t he  Ju l y  and  Augus t

su rveys ,  t hey  we re  so r t ed  i n to  t h ree  s i eve  s i ze  ca tego r i es :  8 -10 ,

1 I -14 ,  15 -20 .  Each  s i ze  ca tego ry  was  d i v i ded  i n to  f ema les  w i t h  eggs  and

fema les  w i thou t  eggs .  Pa r t  o f  each  s i ze /b reed ing  s ta te  ca tego ry  was

wrapped  in  a lum inum fo i l  f o r  non -me ta l l i c  po l l u tan ts  ana lyses ,  and  pa r t

was  wrapped  in  p las t i c  f o r  t he  me ta l s  ana lyses .  These  were  f rozen  and
0

s t o r e d  a t  - 8 0  C .

F o r  t h e  J u n e  s u r v e y ,  o n l y  f e m a l e s  f r o m  s i e v e s  1 1 - 1 5  w e r e  u s e d  f o r

m e t a l  a n a l y s e s .  F o u r  b e a c h  s i t e s  s a m p l e d  i n  J u n e  ( 0 . 4  k m  N ,  1 . 5  k m  N ,

1 2  k m  N ,  a n d  1 5 . 5  k m  N )  p r o d u c e d  n o  l i v e  f e m a l e s  f o r  t h e s e  s t u d i e s .  A 1 1

f i f t e e n  b e a c h e s  p r o d u c e d  l i v e  f e m a l e s  i n  J u l y .  I n  A u g u s t ,  t h r e e

( 1 8  k m  S ,  1 . 5  k m N ,  a n d  1 1 5  k m  N )  d i d  n o t .  T i s s u e  a n a l y s e s  f o r  m e t a l l i c

a n d  n o n - m e t a l l i c  p o l l u t a n t s  a r e  p e n d i n g .

S a n d  s a m p l e s  c o l l e c t e d  d u r i n g  a l l  t h r e e  s u r v e y s  f o r  a n a l y s e s  o f

m e t a l s ,  a n d  t h o s e  c o l l e c t e d  d u r i n g  J u I y  a n d  A u g u s t  f o r  t h e  a n a l y s e s  o f

n o n - m e t a l l i c  p o l l u t a n t s ,  w e r e  s t o r e d  a t  M E C  i n  t h e  d a r k  a t  0 o C .  W i t h i n

B  d a y s  o f  t h e  f i r s t  n i g h t  o f  s a m p l i n g ,  t h e y  w e r e  t u r n e d  o v e r  t o  t h e

s u b c o n t r a c t o r ,  w h o  i s  s t o r i n g  t h e m  i n  t h e  d a r k  a t  - 5 0 C .

T h e  w a t e r  s a m p l e s  f o r  a n a l y s e s  o f  m e t a l s  a r e  b e i n g  k e p t  i n  t h e  d a r k

a t  r o o m  t e m p e r a t u r e .  T h e  w a t e r  s a m p l e s  f o r  a n a l y s e s  o f  n o n - m e t a 1 l i c

p o l l u t a n t s  u n d e r w e n t  a  h e x a n e  e x t r a c t i o n  w i t h i n  3 0  d a y s  o f  c o l l e c t i o n .

T h e  e x t r a c t s  w e r e  p l a c e d  i n  k i l n - f i r e d  ( 3 0 0 0 0 F )  g l a s s  j a r s  w i t h

a l u m i n u r n - f o i l  l i n e d  t o p s .  T h e s e  j a r s  a r e  b e i n g  k e p t  i n  a  d a r k  e a b i n e t

i n  a n  a i r  c o n d i t i o n e d  r o o m .

A n a l y s e s  o f  t h e s e  s a n d  a n d  w a t e r  p o l l u t a n t  s a m p l e s  a r e  a l s o

pend ing  fund ing  by  the  MRC.
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2.3 Data Management

Beach  cha rac te r i s t i c  i n fo rma t ion  no ted  i n  t he  f i e ld ,  l abo ra to ry

ana lyses  o f  env i ronmen ta l  samp les ,  and  l abo ra to ry  ana lyses  o f

b i o l og i ca l  samp les  f o r  a l l  t h ree  f u11 -sca le  su rveys  we re  en te red  i n to

MRC da ta  bases  es tab l i shed  by  the  MRC's  da ta  suppor t  g roup  (T i tan ,

Inc .  ) .  Da ta  bases  were  ve r i f i ed  by  e r ro r  checks  bu i l t  i n to  the

es tab l i shmen t  p rog ram and  by  c ross  checks  aga ins t  o r i g ina l  da ta  shee ts

by  MEC pe rsonne l .  Da ta  base  es tab l i shmen t  p rog rams  a re  documen ted  i n

the  MRC's  Da ta  S tandards  Documen t  (Compune t  ,  1983  )  .
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3 .0  RESULTS AND DISCUSSTON

Severa l  a t t r i bu tes  o f  sand  c rab  popu la t i ons  re la ted  to  abundance ,

s i ze ,  and  rep roduc t i on  were  eva lua ted  fo r  t he  1983  rep roduc t i ve  season .

Th ree  ques t i ons  were  add ressed :  ( f )  whe the r  t he  a t t r i bu tes  p rev ious l y

repo r ted  t o  va ry  w i t h i n  6 .5  kmo f  SONGSvar i ed  t hus  i n  1983 ,  andwhe the r

the re  was  a  l oca l i t y  e f fec t  when  d i s tances  fa r the r  t han  6 .5  km f rom

SONGS were  cons ide red ;  (2 )  whe the r  a t t r i bu tes  a t  beach  s i t es  nea r  S0NGS

were  w i th in  the  va r ia t i on  obse rved  a t  o the r  beaches  i n  1983 ;  (3 )  t o  wha t

ex ten t  se lec ted  a t t r i bu tes  were  co r re la ted  w i th  the  phys i ca l - chemica l

env i ronmen ts ;  and  (4 )  whe the r  t he  a t t r i bu tes  exh ib i t ed  a  d i s t i nc t  t rend

w i th  d i s tance  f rom SONGS.

The  f i r s t  two  gues t i ons  ove r lap .  The re fo re ,  bo th  were  add ressed

s ta t i s t i ca l l y  i n  t he  same way .  A  one -way  ana lys i s  o f  va r i ance  (ANOVA;

Soka l  and  Roh l f ,  1981 ;  SAS,  1982)  was  done  to  de te rm ine  whe the r  among-

beach  d i f f e rences  ex i s ted .  A  S tuden t -Newman-Keu ls  (SNK)  mu l t i p le  range

tes t  (Soka1  and  Roh l f ,  198 f ;  SAS,  L98Z)  was  pe r fo rmed  to  de te rm ine  wh ich

beach  s i t es  we re  d i f f e ren t .  The  f i r s t  ques t i on ,  whe the r  a t t r i bu tes

var ied in  the manner  of  prev ious s tudies,  was evaluated by examin ing the

SNK g roup ings  o f  s i t es  w i th in  6 .5  km o f  SONGS and  those  j us t  beyond .  The

second  ques t i on ,  whe the r  a t t r i bu tes  a t  beach  s i t es  nea r  SONGS were

w i th in  the  va r ia t i ons  found  e l sewhere ,  was  eva lua ted  by  examin ing  the

ove ra l l  SNK g roup ings  o f  s i t es .  Auyong  (1981 )  and  Wenne r  ( 1982 )

repo r ted  tha t  a t t r i bu tes  nea r  SONGS were  usua l l y  a t  ex t remes  ( Iower  o r

upper )  o f  t he  range  o f  va lues .  The re fo re ,  a  SNK g roup ing  o f  s i t es  nea r

SONGS tha t  was  a t  t he  upper  o r  l ower  ex t reme and  s ign i f i can t l y  d i f f e ren t

f rom o the r  SNK g roup ings ,  wh ich  compr i sed  s i t es  away  f rom SONGS,  was

used  t o  c l ass i f y  s i t es  nea r  SONGS as  " t o ta l 1y  ou t s i de  t he  range  o f

va r ia t i on " .  However ,  i f  mos t  s i t es  nea r  SONGS fo rmed  a  un ique  g roup  and
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one  o r  two  s i t es  nea r  SONGS had  a t t r i bu tes  s ta t i s t i ca l l y  more  l i ke  o the r

s i t es ,  t hen  th i s  was  cons ide red  to  be  "genera l l y  ou t  o f  t he  range  o f

va r ia t i on  "  and  was  no ted  i n  t he  Repor t .

The  th i rd  ques t i on ,  t o  wha t  ex ten t  se lec ted  a t t r i bu tes  o f  sand

c rab  popu la t i ons  were  co r re la ted  w i th  env i ronmen ta l  va r i ab les ,  was

addressed  by  mu l t i p le  reg ress ion  ana lyses  us ing  a  backward  e l im ina t i on

p rocedu re  ( see  Append i x  D  f o r  a  f u l l  desc r i p t i on  o f  t he  p rocedu re ) .

A t t r i bu tes  were  sub jec ted  to  reg ress ion  ana lys i s  on l y  i f  a  d i s t i nc t  SNK

group ing  o f  s i t es  i n  t he  v i c in i t y  o f  SONGS resu l ted  f rom the  ana lyses

app l i ed  to  the  ea r l i e r  ques t i ons .  The  measured  hab i ta t  va r i ab les  mos t

c lea r l y  assoc ia ted  w i th  the  se lec ted  sand  c rab  popu la t i on  va r iab les

were  i den t i f  i ed  f rom the  reg ress ion  ana lyses .  Pa r t i a l  r 2  ' , r t l . r " s  were

consu l ted  to  de te rm ine  the  re la t i ve  i n f l uence  o f  each  env i ronmen ta l

va r iab le  i n  t he  f i na l  reg ress ion  equa t ion .  A  c lus te r  ana lys i s  o f

env i ronmen ta l  va r i ab les  on  beach  s i t es  was  used  to  i n te rp re t  t he

re la t i onsh ips  i den t i f i ed  by  t he  reg ress ion  resu l t s .

Mu l t i p l e  r eg ress ion  ana l yses  i n i t i a l l y  i nc l uded  a l l  beach  s i t es .

Cabr i l l o  Beach ,  however ,  had  ex t reme va lues  fo r  seve ra l  env i ronmen ta l

va r i ab les  ( see  sec t i on  3 .1 ) ,  and  sand  c rabs  d i d  no t  g row  and  ma tu re

the re  ( see  sec t i on  3 .2 .2 .L ) .  These  i no rd ina te  re l a t i onsh ips  caused

th i s  s i t e  t o  ove r in f l uence  the  reg ress ion  ana lyses  as  i nd i ca ted  by

s ign i f i can t  Cook ' s  D  va lues  (Cook ,  L977  ,  L979 )  .  To  imp rove  t he

eva lua t i on  o f  t he  re la t i onsh ips  be tween  sand  c rabs  and  the  o the r  beach

hab i ta t s ,  Cabr i l l o  Beach  was  exc luded  f rom the  f i na l  reg ress ion

resu l t s .  When  ano the r  beach  s i t e ( s )  had  a  s i gn i f i can t  Cook ' s  D

va lue (s ) ,  r eg ress ions  we re  eva lua ted  w i t h  and  w i t hou t  t he  i n f l uen t i a l

obse rva t i on (  s  )  .
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Add i t i ona l  reg ress ions  were  under taken  to  spec i f i ca l l y  add ress

whether  the re la t ionships between the envi ronmenta l  and b io log ica l

va r iab les  a t  s i t es  nea res t  SONGS were  reasonab ly  p red i c ted  by  the

re la t i onsh ips  tha t  occu r red  a t  s i t es  fa r the r  away .  Two  o f  t he  th ree

beach  s i t es  nea r  SONGS (1 .5  km S ,  0 .4  km N ,  and  1 .5  km S )  we re  d ropped

f rom the  mode I ,  a  reg ress ion  was  run  on  th i s  reduced  da ta  se t ,  and

Cook ' s  D  va lues  were  examined  to  see  i f  t he  th i rd  SONGS beach  s i t e  was  an

in f l uen t i a l  obse rva t i on .  S ign i f i can t  Cook ' s  D  va lues  f o r  t he  s i t es

neares t  SONGS wou ld  i nd i ca te  e i t he r  t ha t  t he  reg ress ion  re la t i onsh ips

a t  t hese  SONGS s i tes  were  poo r l y  p red i c ted  based  on  re la t i onsh ips

fu r the r  f rom SONGS,  tha t  t he  reg ress ion  re la t i onsh ip  i s  t he  same bu t  t he

env i ronmen ta l  va r i ab les  a re  ou t l i e r s ,  o r  bo th .  I f  t he  th i rd  SONGS beach

s i te  was  i n f l uen t i a l ,  t he  da ta  were  examined  to  de te rm ine  wh ich  o f  t he

above  th ree  cases  app l i ed .

To  answer  t he  f ou r t h  ques t i on ,  r eg ress ion  resu l t s  we re  a l so

evaluated in  two ways to  determine whether  there were any c lear  t rends

w i t h  d i s t ance  f r om SONGS.  F i r s t ,  r es i dua l s  f r om the  f i na l  r eg ress ion

resu l t s  were  examined  as  a  func t i on  o f  d i s tance  f rom SONGS (Append ix  D) .

Second ,  add i t i ona l  reg ress ions  us ing  a  fo rward  se lec t i on  p rocedure

(SAS,  L982)  were  pe r fo rmed  on  s i t es  w i th in  15 .5  km o f  SONGS w i th

d is tance f rom SONGS added as an independent  var iab le.  A t rend wi th

d i s tance  f rom SONGS wou ld  be  i nd i ca ted  i f  t he  d i s tance  va r iab le

outper formed other  env i ronmenta l  var iab les by being inc luded in  the

f i na l  r eg ress ion  resu l t .

The  resu l t s  and  d i scuss ion  a re  p resen ted  i n  two  sec t i ons ,  beach

envi ronments and sand crab b io logy.  The resul ts  of  the envi ronmenta l

obse rva t i ons  a re  p resen ted  f i r s t  so  tha t  t hey  can  be  re fe r red  to  i n

d i scuss ing  sand  c rab  popu la t i ons .
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3.  I  Beach Envi ronments

Beach  s i t e  desc r i p t i ons  i nc l uded  g ross  phys i ca l  va r i ab les ,

sed imen t  cha rac te r i s t i es ,  and  po ten t i a l  sand  c rab  food  resou rces

(Tab les  3 - l  t o  3 -3 ) .  W i t h  two  excep t i ons ,  t he  sed imen t  and  f ood

va r i ab les  we re  sub jec ted  t o  c l us te r  ana l ys i s  t o  c l ass i f y  t he  beach

s i t es  f o r  each  su rvey  (F igu res  3 -1  t o  3 -3 ) .  The  g ross  phys i ca l

cha rac te r i s t i c s  o f  t he  s i t es  (Tab1e  3 -1 )  we re  exc luded  f r om the  c l us te r

ana lys i s  because  the  va r iab les  had  m iss ing  va lues  o r  l acked  geograph ic

t rends .  The  c lus te r  ana lys i s  emp loyed  a  h ie ra rch i ca l  ave rage  l i nkage

s t ra tegy  based  on  Euc l i dean  d i s t ances  (SAS ,  1982 ) .  P r i o r  t o  t he  c l us te r

ana lys i s ,  env i ronmen ta l  va r i ab les  were  s tandardLzed  to  the  same sca le

(mean  0 ,  s t anda rd  dev ia t i on  1 ) .

The  excep t i ons  f rom the  c lus te r  ana lys i s  were  sed imen t  sa l i n i t y

and  to ta l  o rgan ic  ca rbon  i n  the  wa te r .  Sed imen t  sa l i n i t y  measuremen ts

were  found  to  be  e r roneous  and  the re fo re .were  exc luded .  Gu t  con ten t

exam ina t i ons  o f  po ten t i a l  f ood  ( see  sec t i on  2 .2 .L )  showed  t ha t  t he  sand

c rabs  p r imar i l y  were  i nges t i ng  phy top lank ton  (p r imar i l y  P ro rocen t rum

sp . )  and  de t r i t us  bu t  no t  zoop lank ton  (Tab le  3 -4 ) .  S ince  zoop lank ton

occu r red  i n  t he  to ta l  o rgan ic  ca rbon  (T0C)  samp les  f rom the  wa te r ,  TOC

in  the  wa te r  was  exc luded  f rom the  c lus te r  ana lys i s .

The  c l us te r  ana l ys i s  showed  t ha t ,  w i t h  f ew  excep t i ons  ( l i s t ed

be low) ,  t he  hab i t a t s  w i t h i n  15 .5  km o f  SONGS d i f f e red  f r om more  no r t he rn

and  sou the rn  s i t es  (F i gu res  3 -1  t o  3 -3 ) .  I n  gene ra l ,  t he  s i t es  w i t h i n

15 .5  km o f  SONGS had  coa rse r  sed i rnen t  w i th  a  h ighe r  g ra in  s i ze

d i spe rs ion  and  l ess  mo is tu re .  Sed imen t  ch lo rophy l l  and  phaeophy t i n

concen t ra t i ons  o f ten  were  l ess ,  and  wave  wash  ses ton  concen t ra t i ons

o f t en  we re  h i ghe r  t han  a t  a l l  o t he r  s i t es .  A l so ,  cobb le  was  p resen t  a t

mos t  o f  t he  beach  s i t es  nea re r  SONGS.
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The  excep t i ons  were  6 .5  km N  (June  and  Ju l y )  and  6 .5  km S  (Ju l y )

wh ich  somet imes  had  f i ne r  sed imen ts .  The  San  C lemen te  s i t e  (6 .5  km N)

fur ther  d i f fered in  hav ing much less cobble and h igher  sediment

ch lo rophy l l / phaeophy t i n  concen t ra t i ons  than  o the r  s i t es  w i th in  15 .5  km

o f  SONGS.

The  fa r  no r th  s i t e  nea r  Mor ro  Bay  (450  km N)  was  more  l i ke  s i t es

w i th in  15 .5  km o f  SONGS than  l i ke  o the r  s i t es  i n  sou the rn  Ca l i f o rn ia

(F igu re  3 -3 ) ,  a l t hough  the  sed imen t  was  coa rse r  and  the  concen t ra t i on

of  ch lorophyl l  and phaeophyt in  in  the wave wash was h igher .  Morro Bay

had  pea -s i ze  g rave l  i ns tead  o f  cobb le .

The  no r the rn  s i t es  a t  Ven ice  Beach  (115  km N)  and  Hermosa  Beach

(100  km N)  sha red  many  cha rac te r i s t i cs  w i th  the  sou the rn  beach  s i t es  (18

km S  t o  65  km S ) .  Co l l ec t i ve l y ,  t hese  beach  s i t es  we re  s im i l a r  t o  each

o the r  i n  hav ing  f i ne r  sed imen ts  and  more  po ten t i a l  f ood  than  mos t  beach

s i tes  w i th in  15 .5  km o f  SONGS.  They  d i f f e red  be tween  each  o the r  i n  t ha t

the  sou the rn  beach  s i t es  had  even  f i ne r  sed imen ts  than  those  a t  100  km N

and  115  km N .

Cabr i l l o  Beachwas  un ique .  I t  had  concen t ra t i ons  o f  ca rbon  i n  the

sed imen t  t ha t  were  ten  t imes  those  a t  any  o f  t he  o the r  beach  s i t es .

A1so ,  sed imen t  phaeophy t i n  concen t ra t i ons  were  the  h ighes t .  The

extreme sediment  carbon va lues suggest  that  th is  beach may have been

po l l u ted .  The  Jo in t  Wa te r  Po l l u t i on  Con t ro l  P lan t ,  l oca ted  o f f sho re

f rom Cab r i l l o  Beach ,  i s  a  poss ib l e  sou rce  o f  po l l u t i on .  Cab r i l l o  Beach

a lso  d i f f e rs  i n  f ac ing  sou th  and  be ing  p ro tec ted  f rom the  no r thwes t  by  a

head land  (a l1  o the rs  face  wes t  t o  sou thwes t  ) .  Cabr i l l o  Beach  had  f i ne

sed imen ts ;  cobb le  was  p resen t  i n  knee  deep  wa te r  i n  va r iab le  amoun ts

be tween  su rveys .
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When consider ing the re la t ionships between sand crab b io logy and

beach envi ronments i t  is  prudent  to  keep in  mind that  1983 was a year  of

i n tense  E I  N ino  cond i t i ons .  The  ocean  wa te rs  i n  t he  sou the rn  Ca l i f o rn ia

Bight  were abnormal ly  warm, the typ ica l  downcoast  currents  were reduced

to  a lmos t  n i l ,  and  the  wa te r  co lumn was  unusua l l y  s tab le .  The

nu t r i c l i ne  was  dep ressed ,  o f ten  be low  the  l eve1  o f  t he  she l f ,  p lan t

nu t r i en ts  were  spa rse ,  and  ove ra l l  p r imary  p roduc t i on  was  reduced

(Re i t ze l  and  Zab loud i l ,  1983 ;  Ba rne t t  e t  a l . ,  1983 ) .

The El  Nino event  was accompanied by a ser ies of  e leven powerfu l

s to rms  du r ing  the  w in te r  o f  1982-83  and  the  sp r ing  o f  1983 .  Seven  o f

these  s to rms  had  wave  pe r iods  o f  more  than  20  seconds  (Day ton  and

Tegner ,  1984) .  Seve re  wave  ac t i on  and  sho re  e ros ion  occu r red  i n  va r ious

loca t i ons  a long  the  exposed  coas ts .  Th i s  no  doub t  a f fec ted  the  sand

gra in  s i ze  d i s t r i bu t i ons  and  cobb le  cove rage  o f  sand  c rab  beaches ,  and

probab ly  d id  so  non -un i fo rm ly .

3 .2  Sand  C rab  B io l ogy

Subsec t i ons  w i th in  the  b io logy  sec t i on  i nc lude  desc r ip t i on  o f  t he

ana ly t i ca l  t echn iques  un ique  to  each  examined  a t t r i bu te  and  compar i son

w i th  the  resu l t s  o f  p rev ious  s tud ies  ,  when  app rop r ia te .  These

a t t r i bu tes  a re  re l a ted  t o  popu la t i on  abundance ,  s i ze  d i s t r i bu t i on ,

rep roduc t i on ,  and  gene t i cs .  P rev ious  MRC s tud ies  o f  sand  c rabs

concen t ra ted  on  a t t r i bu tes  re la ted  to  s i ze  and  rep roduc t i on ;  more

expanded  d i scuss ions  o f  t hese  two  va r iab les  a re  p resen ted .

3  . 2 . L  I , { e i g h t e d  M e a n  A b u n d a n c e

H o w  f a v o r a b l e  t h e  b e a c h  s i t e s  w e r e  i n  t e r m s  o f  s a n d  c r a b  n u m b e r s  i n

1 9 8 3  w a s  d e t e r m i n e d  f r o m  e s t i m a t e s  o f  a b u n d a n c e .  S i n c e  n a t u r a l
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va r ia t i ons  among  popu la t i ons  may  be  re la ted  to  d i f f e rences  i n

rec ru i tmen t  (Fusa ro ,  1980a) ,  t he  abundance  es t ima tes  a l so  were  examined

fo r  seasona l  changes  tha t  m igh t  i nd i ca te  d i f f e ren t i a l  rec ru i t rnen t .

The  abundance  ca l cu la t i ons  took  i n to  accoun t  t he  hab i tab le  a rea

w i th in  the  s tudy  s i t es  and  the  s t ra t i f i ed  random samp l ing  des ign .  Maps

o f  t he  beach  s i t es  (F i gu res  3 -4  t o  3 -6 )  we re  p repa red  f r om f i e l dno tes .

The  f i e ld  repo r t s  gave  l oca t i ons  and  d imens ions  o f  sand  c rab

aggrega t i ons  (pa tch  a reas ) ,  i n te rpa tch  a reas ,  and  the  pe rcen t  cobb le

cove rage  fo r  t he  en t i re  sa rnp l i ng  a rea  o f  t he  s tudy  s i t e .  To  ca l cu la te

mean abundance per  beach,  the 1og- t ransformed abundances f rom sand crab

pa tch  and  f rom in te rpa tch  samp les  were  we igh ted  acco rd ing  to  the  a rea

mapped  fo r  t hese  two  s t ra ta  w i th in  the  hab i tab le  a rea  (<  80% cobb le )  o f

t he  500  m  beach  s i t e .

Desp i te  be ing  obse rved  a t  s im i l a r  t imes  and  s im i l a r  t i de  s ta tes

du r i ng  a  su rvey  (excep t  i n  Ju l y ;  see  sec t i on  2 .1 .3 .1 ) ,  t he  sand  c rab

d is t r i bu t i ons  va r ied  among  s i t es .  Sand  c rabs  were  i n  con t i nuous  bands

o r  pa tchy  agg rega t i ons  on  some beaches  and  sca t te red  on  o the rs  (F igu res

3 -4 ,  3 -5 ,  and  3 -6 ) .  Sand  c rab  pa t ches  we re  no t  f ound  i n  a reas  w i t h  more

than  30% cobb le  cove rage .

Equat ions appropr ia te to  a s t rat i f ied random sampl ing scheme

(Coch ran ,  1963 )  we re  used  t o  ca l cu la te  we igh ted  mean  abundances ,

va r iances ,  and  deg rees  o f  f reedom.  The  equa t ions  and  an  examp le  o f

t he i r  app l i ca t i on  a re  p resen ted  i n  Append i x  D ,  sec t i on  D .1 .  Da ta  we re

log  ( x  *  l )  t r ans fo rmed  because  the  un t rans fo rmed  abundance  es t ima te

was  s t rong ly  a f fec ted  by  one  o r  a  few  excep t i ona l  rep l i ca tes  a t  some

s i t es  (e .g . ,  65  k rn  S  i n  June ) .  D i f f e rences  i n  t r ans fo rmed  we igh ted  mean

abundances between beaches were tested bv ANOVA and SNK.
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Sepa ra te  t es t s  f o r  ma les ,  f o r  f ema les ,  and  f o r  t he  t o ta l

populat ion were done for  each survey.  The abundance est imates inc lude

a l l  s i zes  o f  sand  c rabs  (above  s ieve  s i ze  4  =  >  5  mm ca rapace  l eng th ) .

Because  the  1983  popu la t i o4s  i n  sou the rn  Ca l i f o rn ia  were  domina ted  by

f i r s t  yea r  sand  c rabs  ( see  sec t i on  3 .2 .2 .L ) ,  t he  es t ima tes  a re  no t

undu ly  b iased  by  d i f f e ren t  yea r  c lasses  o f  an ima ls .  The  abundance

assoc ia ted  w i th  d i f f e ren t  s i ze  c lasses  i s  examined  i n  the  nex t  sec t i on

(see  sec t i on  3 .2 .2 .L ) .

The  l og  ( x  *  1 )  we igh ted  mean  abundances  ( fema les ,  ma Ies ,  a l l )

d i f f e red  among  beach  s i t es  du r ing  June ,  Ju l y ,  and  Augus t  (one -way

ANOVA,  p  <  0 .001 ) .  S ta t i s t i ca l  t es t s  (SNK)  on  t r ans fo rmed  abundances  o f

sand  c rabs ,  rega rd less  o f  sex ,  showed  tha t  abundances  were  l ower  w i th in

1 .5  km o f  SONGS compared  to  s i t es  a t  6 .5  km in  June  and  Ju l y  bu t  no t  i n

August .  The tests  showed that  there was no extended t rend in  abundance

w i th  i nc reased  d i s tance  f rom SONGS,  rega rd less  o f  su rvey ,  and  the

abundance  o f  ma les  and  fema les  a t  s i t es  i n  t he  v i c in i t y  o f  SONGS were

we l l  w i t h i n  t he  va r i a t i on  f ound  e l sewhe re  (F igu res  3 -7a -c ,  3 -8a -c ,  and

3 -9a -c ) .

However ,  the t ransformed mean abundances,  which were used to

s ta t i s t i ca l l y  compare  beach  s i t es ,  do  no t  necessa r i l y  co r respond

exac t l y  t o  the  un t rans fo rmed  means .  Th i s  was  ev iden t  i n  June  when  s i t es

wi th in  12 km of  SONGS genera l ly  d i f fered f rom more southern and nor thern

beach  s i t es  i n  hav ing  subs tan t i a l l y  f ewer  ma le  and  fema le  sand  c rabs

(F igu re  3 -10a -c ) .  The  un t rans fo rmed  means  fo r  Ju l y  and  Augus t  d id  no t

show any  t rends  re la t i ve  to  SONGS (Append ix  F ,  F igu res  F - la -c  to  F -2a -

c ) .  The  l ower  abundance  o f  sand  c rabs  a t  s i t es  w i th in  12  km o f  SONGS in

June  was  suppor ted  by  an  ana lys i s  o f  t he  s i ze  f requency  d i s t r i bu t i ons  o f

the  popu la t i ons ,  wh ich  sugges ted  tha t  rec ru i tmen t  and /o r  co lon i za t i on
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may  have  been  de layed  a t  t hese  s i t es  ( see  sec t i on  3 .2 .2 .L ) .  The re fo re ,

we  chose  to  i n te rp re t  t ha t  s i t es  w i th in  L2  to  15 .5  km o f  SONGS and  a t

Cabr i l l o  Beach  had  l ower  abundances  than  o the r  s i t es  i n  June .  Poss ib le

reasons  fo r  t he  apparen t  de lay  i n  rec ru i tmen t  and /o r  co lon i za t i on  to

s i t es  nea r  SONGS were  i nves t i ga ted  by  mu l t i p l e  r eg ress ion  ana l ys i s .

The  re la t i onsh ip  be tween  the  phys i ca l - chemica l  env i ronmen ts  o f  t he

beach  s i t es  and  the  un t rans fo rmed  abundances  o f  a l l  s i zes  o f  sand  c rabs

was examined in  June to address both d i f ferent ia l  recru i tment  and

co lon i za t i on  a t  t he  same t ime .  The  re la t i onsh ip  be tween  the  beach

hab i ta t s  and  the  abundances  o f  new ly  rec ru i t ed  (6 -9  mm C.L .  )  sand  c rabs

was  examined  to  add ress  d i f f e ren t i a l  rec ru i tmen t .

The  resu l t s  o f  t he  mu l t i p le  reg ress ion  ana lyses  i nd i ca ted  tha t

d i f f e ren t i a l  r ec ru i tmen t / co lon i za t i on  o f  beach  s i t es  i n  June  (R t  =  0 .71

w i t h  6  va r i ab les ,  n  =  13 ,  P  =  0 .0953 ;  Tab les  3 -5  and  3 -6 )  was  i n f l uenced

by  ses ton ,  coa rseness  o f  t he  sed imen t ,  cobb le  on  the  sand ,  t empera tu re ,

and  ch lo rophy l l  and  phaeophy t i n  concen t ra t i ons  i n  t he  sed imen t .  S im i l a r

env i ronmen ta l  va r i ab les  were  co r re la ted  w i th  rec ru i tmen t  o f  sma l l  sand
2

c rabs  (R  =  0 .59  w i t h  6  va r i ab les ,  n  =  38 ,  p  <  0 .00 I ;  Tab les  3 -5  and  3 -

6 ) .  The  reg ress ion  ana lyses  i nd i ca te  tha t  rec ru i tmen t  and  co lon i za t i on

o f  beaches  by  sand  c rabs  a re  ra the r  poo r l y  exp la ined  by  the

env i ronmen ta l  va r i ab les .  However ,  i n  genera l ,  abundances  were  l ess  a t

beach  s i t es  w i t h  s teepe r  s l opes ,  coa rse r  sed imen ts ,  g rea te r  cobb le

cove rage ,  l ower  tempera tu res ,  and  l ower  po ten t i a l  f ood  resou rces  i n  t he

sed imen t .

The  re la t i ve l y  poo r  f i t s  were  no t  t he  resu l t  o f  one  o r  two  beach

s i tes  undu ly  i n f l uenc ing  the  re la t i onsh ips ,  f o r  no  h igh  va lues  o f

Cook ' s  D  we re  f ound  f o r  any  s i t es  when  a l l  s i t es  we re  cons ide red  (Tab le

3 -7 ) .  F rom the  l ow  va lues  o f  Cook ' s  D  i n  Tab le  3 -8 ,  i t  i s  demons t ra ted
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t ha t  t he  phys i ca l / chemica l  va r i ab les  a t  o the r  beach  s i t es  p red i c ted

rec ru i tmen t  and  co lon i za t i on  a t  beach  s i t es  nea r  SONGS (1 .5  N ,  0 .4  N ,

1 .5  S )  j us t  as  we l l  as  a t  s i t es  f a r t he r  away .  F i na l l y ,  no  t r end  i n

abundance  was  found  w i th  d i s tance  f rom SONGS.  The  va r iab le  d i s tance  d id

no t  ou tcompe te  env i ronmen ta l  va r i ab les  i n  t he  mu l t i p le  reg ress ion

res t r i c t ed  t o  s i t es  w i t h i n  15 .5  km o f  SONGS.

The  re la t i ve  favo rab leness  o f  t he  d i f f e ren t  beach  hab i ta t s  f o r

sand crabs was examined by tak ing in to account  the d i f ferent ia l

rec ru i tmen t / co lon i za t i on  to  the  beach  s i t es  and  we igh ted  mean  abundance

es t ima tes .  Beach  s i t es  w i th  a  we igh ted  mean  abundance  o f  g rea te r  t han

2OO c rabs  pe r  t ow  fo r  two  o r  more  su rveys  were  cons ide red  to  be

favo rab le  fo r  sand  c rab  hab i ta t i on .  The  f i ve  more  favo rab le  beach

hab i t a t s  we re  6 .5  km S ,  5 .5  kmN,  25  km S ,  100  kmN.  and  115  km N .  The

fou r  beaches  l eas t  f avo rab le  fo r  sand  c rab  hab i ta t i on  (we igh ted  mean

abundance  <  60  c rabs  pe r t ow)  we re  79  kmN,  15 .5  kmN,  1 .5  kmN,  and  12  km

S.

3 . 2 . 2  S i z e  D i s t r i b u t i o n

T h e  s i z e  d i s t r i b u t i o n s  o f  b e a c h  p o p u l a t i o n s  o f  s a n d  c r a b s  a r e

o f t e n  p o l y m o d a l  b e c a u s e  o f  c o l o n i z a t i o n  b y  o v e r w i n t e r e d  a n i m a l s  a n d

s u c c e s s i v e  r e c r u i t m e n t s  o f  l a r v a e  f r o m  t h e  p l a n k t o n  ( C o x  a n d  D u d l e y ,

1 9 6 8 ) .  S i z e  d i s t r i b u t i o n s  m a y  v a r y  b e t w e e n  p o p u l a t i o n s  b e c a u s e  o f

d i f f e r e n c e s  i n  t h e  a g e s  o f  t h e  s a n d  c r a b s  ( i . e . ,  t i m e  f r o m  i n i t i a l

r e c r u i t m e n t  t o  t i m e  o f  s a m p l i n g )  a s  w e l l  a s  b e c a u s e  o f  d i f f e r e n c e s  i n

r a t e s  o f  g r o w t h ,  r ^ r h i c h  m a y  b e  a f f e c t e d  b y  t h e  e n v i r o n m e n t  ( F u s a r o ,  L 9 7 8 ;

W e n n e r ,  L 9 8 2 ) .  O f  p a r t i c u l a r  i n t e r e s t  i n  t h i s  s t u d y  i s  w h e t h e r  b e a c h

s i t e s  n e a r  S O N G S  h a d  p o p u l a t i o n s  w i t h  a b n o r m a l  c o l o n i z a t i o n  o f  a d u l t s ,

r e c r u i t m e n t  o f  y o u n g ,  a n d f  o r  g r o w t h  r e l a t i v e  t o  p o p u l a t i o n s  a w a y  f r o m

S O N G S  i n  1 9 8 3 .
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Previous MRC studies pr imar i ly  compared populat ions by us ing

indi rect  tneasures of  growth that  were considered to  be independent  of

the  con found ing  e f fec t  o f  d i f f e ren t i a l  rec ru i tmen t  and  co lon i za t i on

because  they  were  based  on  a  po r t i on  o f  t he  o lde r  members  o f  t he

popu la t i on .  The  mean  o f  t he  max imum s i ze  mode  o f  ma les  and  mean  o f  t he

min imum s ize mode at  which females produce eggs were used by Auyong

(1981)  and  Wenner  (L982)  as  two  such  measures .  Ma le  sand  c rabs  ma tu re

a t  a  sma l l  s i ze  and  g row th  asymp to t i ca l l y  s l ows  (Dud ley ,  L967 ) .

The re fo re ,  a f te r  a  ce r ta in  s i ze ,  t he  age  and  rep roduc t i ve  cond i t i on

does  no t  undu ly  b ias  compar i sons  o f  t he  ave rage  max imum s i ze  tha t  ma les

reach  du r ing  a  season .  Th i s  i s  pa r t i cu la r l y  t rue  by  the  end  o f  t he

season ,  when  compar i sons  o f  t he  g row th  o f  t he  season ' s  r ec ru i t s  a remos t

mean ing fu l .  On  the  o the r  hand ,  f ema les  g row fas te r  t han  ma les  and

usua l l y  reach  a  much  la rge r  s i ze  du r ing  the i r  f i r s t  season  on  a  beach

(Dud ley ,  L967 ;  E f f o rd ,  L967 ) .  Un fo r t una te l y ,  t he  con found ing  e f f ec t s

o f  d i f f e ren t i a l  r ec ru i tmen t ,  co l on i za t i on ,  and  i n i t i a t i on  o f

rep roduc t i on  canno t  be  avo ided  when  us ing  an  i nd i rec t  measure  to

a t tempt  to  compare  g rowth  o f  f ema les  i n  d i f f e ren t  popu la t i ons .  Th i s  i s

so  because  the re  does  no t  appear  to  be  any  f i xed  l eng th  o f  t ime  to  sexua l

ma tu r i t y  (Fusa ro ,  1978  )  .  Fo r  con t i nu i t y  w i th  p rev ious  MRC s tud ies ,  t he

s ta t i s t i c s  r e l a ted  t o  s i ze  modes  we re  exam ined  i n  t he  1983  s tudy .

The  mean  s i ze  o f  ma les  and  the  mean  s i ze  o f  f ema les  were  a l so

exam ined  by  Auyong  ( f 981 )  and  Wenne r  ( 1982 ) .  The  mean  s i ze  o f  ma les  (o r

fema les  )  was  no t  examined  he re in  because  s i ze  f requency  d i s t r i bu t i ons

o f  sand  c rabs  a re  o f ten  asymmet r i ca l ,  and  the  mean  i s  a f fec ted  by

ex t reme va lues .  The  med ian  s i ze  o f  rep roduc t i ve  fema les  was  examined .

Th is  measure  shou ld  be  l ess  a f fec ted  bv  ex t reme va lues  than  the  mean .
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The  ove ra l l  s i ze  f requency  d i s t r i bu t i ons  o f  ma le  and  fema le

populat ions were examined to prov ide necessary background in format ion

on  co lon i za t i on  by  adu l t s ,  r ec ru i tmen t  o f  young ,  i n i t i a t i on  o f

rep roduc t i on  by  fema les ,  and  es t ima ted  g rowth .  Th i s  i n fo rma t ion  a ided

the  i n te rp re ta t i on  o f  t he  s ta t i s t i c s  r e l a ted  t o  s i ze .  The re fo re ,  s i ze

f requency  i s  desc r ibed  f i r s t  and  i s  f o l l owed  by  the  resu l t s  o f  t he

ana l yses  o f  s i ze  modes  and  med ian  s i ze .

3 . 2 . 2 .  I  S i z e  F r e q u e n c y

S a n d  c r a b s  m e t a m o r p h o s e  f r o m  m e g a l o p a  t o  f i r s t  s t a g e  j u v e n i l e s  a t

a b o u t  4  m m  ( E f f o r d ,  L 9 6 7 ) .  T h e  s e x e s  o f  j u v e n i l e  c r a b s  (  .  5  m m )  a r e

d i f f i c u l t  t o  d i s t i n g u i s h .  F o r  t h i s  r e a s o n ,  a n d  b e c a u s e  t h e y  w e r e  n o t

a d e q u a t e l y  s a m p l e d  a t  b e a c h  s i t e s  w i t h  c o a r s e  s e d i m e n t s  ( s e e  s e c t i - o n

2 . 2 ) ,  s m a l 1  ( 4 - 5  m m )  s a n d  c r a b s  w e r e  e x c l u d e d  f r o m  t h e  a n a l y s i s .

S a n d  c r a b s  i d e n t i f i a b l e  a s  f e m a l e s  ( s i e v e s  5 - 2 0 ) ,  r a n g e d  f r o m  6  m m

t o  m o r e  t h a n  2 3  m m  i n  c a r a p a c e  l e n g t h  a t  s o m e  b e a c h  s i t e s .  M a l e s

c o l l e c t e d  i n  s i e v e s  5  t o  1 5 ,  r a n g e d  f r o m  6  m m  t o  1 7  m m .  F e m a l e s  g r o w

f a s t e r  t h a n  m a l e s  a n d  a t t a i n  a  l a r g e r  m a x i m u m  s i z e  ( E f f o r d ,  L 9 6 7 ) .

T h e r e f o r e ,  t h e i r  s i z e  d i s t r i b u t i o n s  w e r e  t r e a t e d  s e p a r a t e l y .

T h e  f r e q u e n c y  d i s t r i b u t i o n  f o r  e a c h  b e a c h  s i t e  a n d  s u r v e y  w a s

c a l c u l a t e d  f r o m  t h e  m e a n  o f  t h e  t o t a l  n u m b e r  o f  f e m a l e s  ( o r  m a l e s )

a c r o s s  a I l  r e p l i c a t e s  ( e x c l u d i n g  i n t e r p a t c h )  f o r  e a c h  s i e v e .  T h e  s c a l e

o f  t h e  f r e q u e n c y  h i s t o g r a m s  w a s  k e p t  c o n s t a n t  f o r  e a c h  b e a c h  s i t e  t o

f a c i l i t a t e  t e m p o r a l  c o m p a r i s o n s .  T h e  m e a n  o f  t h e  t o t a l  n u m b e r  o f

f e m a l e s  ( o r  m a l e s )  u s e d  t o  c a l c u l a t e  t h e  f r e q u e n c y  d i s t r i b u t i o n s  i s

p r e s e n t e d  w i t h  e a c h  h i s t o g r a m .  I n  t h e  h i s t o g r a m s ,  t h e  f e m a l e s  a r e

i d e n t i f i e d  a s  h a v i n g  e x t e r n a l  e g g s  ( c o d e d  a s  E ) ,  s p e n t  e g g  c a s e s  ( c o d e d

a s  S ) ,  o r  c l e a n  p l e o p o d s  w i t h o u t  e g g s  o r  s p e n t  e g g  c a s e s  ( c o d e d  a s  C ) .
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3  . 2 .2 .  1 .  1  Ma les

Ma le  sand  c rabs  mos t l y  (>  80%)  occu r red  i n  s i zes  be tween  6  mm and

9  mm in  1983 .  H i s tog rams  o f  t he  s i ze  d i s t r i bu t i on  o f  ma les  a re  no t

p resen ted ,  however ,  t he  resu l t s  a re  summar i zed  i n  Tab le  3 -9 ,  Ma les

la rge r  t han  9  mm were  p resen t  bu t  no t  abundan t  a t  mos t  beach  s i t es .

Th ree  s i t es  ( 15 .5  km N ,  I . 5  km  N ,  and  O .4  km N)  l acked  l a rge r  ma les

th roughou t  t he  s tudy  pe r iod .  The  ma le  popu la t i on  was  un imoda l  a t  t hese

s i tes ,  whereas  the re  were  two  o r  t h ree  modes  a t  beach  s i t es  w i th  l a rge r

ma les .  The  s i ze  d i s t r i bu t i ons  o f  ma les  a t  o the r  s i t es  nea r  SONGS were

w i th in  the  va r ia t i on  o f  no r the rn  and  sou the rn  beach  s i t es .  The  s i t e  nea r

Mor ro  Bay  (450  km N)  d i f f e red  f ron  those  i n  sou the rn  Ca l i f o rn ia  i n  t ha t

l a rge  ma les  were  nea r l y  as  abundan t  as  smaI l  ma les .

3  . 2 .2 .  1 .2  Fema les

The  seve ra l  s i ze  modes  o f  f ema les  obse rved  i n  1983  a re  though t  t o

rep resen t  d i f f e ren t  r ec ru i tmen t  c l asses  ( sensu  Dud ley ,  L967 )  o f

mega lopa  f rom the  p lank ton  and  d i f f e ren t  co lon i za t i ons  o f  adu l t s

poss ib l y  f rom the  sub t i da l  zone .  Sma l l  sand  c rabs  (6  mm to  9  mm)  were

abundan t  a t  some s i t es  i n  June ,  a t  mos t  i n  Ju l y ,  and  a t  a  few  inAugus t .

Fema les  sma l l e r  t han  13  mm domina ted  the  popu la t i ons  a t  sou the rn

Ca l i f o rn ia  beach  s i t es  rega rd less  o f  whe the r  l a rge  fema les ,  wh ich

p robab ly  had  ove rw in te red ,  were  p resen t  (Append ix  E ) .  Th i s  i nd i ca tes

tha t  t he  1983  popu la t i ons  were  de r i ved  p r imar i l y  f rom rec ru i tmen t  i n

l9B3  o r  l a te  L982 .  Overw in te red  fema les ,  wh ich  a re  much  la rge r  t han

f i r s t  yea r  f ema les  ea r l y  i n  t he  season ,  were  sca rce  o r  absen t  a t  mos t

beach  s i t es  w i t h i n  15 .5  km o f  SONGS (F igu re  3 -11a -c ) .  L i ke  s i t es

fa r t he r  no r t h  and  sou th ,  t hey  we re  p resen t  a t  s i t es  5 .5  km N  and  6 .5  km

S.  As  w i t h  t he  ma1es .  t he  s i t e  nea r  Mo r ro  Bav  d i f f e red  f r om those  i n
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southern Cal i forn ia in  that  overwintered females were as abundant  as

f i r s t  yea r  f ema les .

Beach  s i t es  w i th in  15 .5  km o f  SONGS genera l l y  had  l ower  abundances

o f  f ema les  o f  a l l  s i zes  i n  June  re la t i ve  to  a l l  o the r  su rveys  and  beach

s i t es  excep t  79  km N  (F igu re  3 - l l a - c ;  no te ,  mean  abundance  pe r  t ow  i s

g i ven  f o r  each  beach  s i t e ) .  The  i nc rease  o f  f ema les  i n  many  s i ze  c l asses

s imul taneously  f rom the 1ow numbers found in  June impl ies that  both

rec ru i tmen t  and  co lon i za t i on  were  de layed  a t  t hese  s i t es  re la t i ve  to

mos t  s i t es  fa r the r  no r th  and  sou th .  No te  fo r  examp le ,  t ha t  t he  numbers

o f  f ema les  f ound  a t  6 .5  km S  i nJu l y  ( 187  pe r  t ow)  cou ldno t  be  accoun ted

for  by the numbers (  27 per  tow) found there in  June.

The  sma l l e r  f ema les  cou ld  have  rec ru i t ed  f rom the  p lank ton  be tween

June and Ju ly .  The larger  females must  have come f rom an extant

sub t i da l  popu la t i on  tha t  d id  no t  p resen t  i t se l f  on  the  beach  face  du r ing

June  samp l ing .  I t  i s  un l i ke l y  t ha t  t he  Ju l y  i nc reases  i n  med ium and

la rge  fema les  on  beach  s i t es  i n  t he  v i c in i t y  o f  SONGS resu l ted  f rom

longshore  m ig ra t i on  f rom o the r  beaches .  Th i s  i s  because  the  nea res t

beach  s i t e  t ha t  cou ld  have  p rov ided  these  fema les  was  18  km sou th  and

the  abundances  the re  i n  Ju l y  d id  no t  show dep le t i ons  o f  f ema les .

A l though  beach  s i t es  no r th  o f  15 .5  km N  were  no t  samp led ,  excep t  t hose

more  than  79  km away ,  i t  i s  cons ide red  un l i ke l y  t ha t  sand  c rabs  wou ld

have  m ig ra ted  to  the  sou th  pas t  t he  head land  and  ha rbo r  a t  Dana  Po in t .

Ev idence  ex i s t s  t ha t  some subpopu la t i ons  o f  adu l t  sand  c rabs  l i ve

somewhere  be low  the  reach  o f  i n te r t i da l  samp l ing  fo r  l ong  pe r iods .

Edwards  and  l r v ing  (1943)  found  tha t  E .  t a lpo ida  ove rw in te r  i n  t he

sub t i da l  a rea .  I n  t he  p resen t  s tudy ,  sand  c rabs  l e f t  t he  beach  a t

115  km N  f i f t een  m inu tes  be fo re  heavy  su r f  occu r red  and  d id  no t  reappear

un t i l  two  weeks  l a te r .  Th i s  means  tha t  somewhere  be low  the  i n te r t i da l

zone  the re  i s  a  th i rd  sand  c rab  hab i ta t ,  ne i the r  beach  no r  pe lag i c .
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Al though  the  mu l t i p le  reg ress ion  on  s i t es  w i th in  15 .5  km o f  SONGS

showed  no  t r end  i n  abundance  w i t h  d i s t ance  ( see  sec t i on  3 .2 .1 ) ,  t he re

appeared to  be a t rend in  recru i tment  I  eoLonizat ion re la t ive to  d is tance

f rom SONGS when  a l l  s i t es  were  cons ide red .  Popu la t i ons  a t  s i t es  w i th in

12  km o f  SONGS became es tab l i shed  l a te r  t han  those  fa r the r  no r th  (excep t

Cabr i l l o  Beach )  and  sou th ,  and  o f  t he  s i t es  w i th in  12  km o f  SONGS,  0 .4  km

N became  es tab l i shed  even  l a te r  ( i . e . ,  Augus t ) .

In format ion is  scant  regard ing factors that  might  account  for

d i f f e ren t i a l  rec ru i tmen t  and  co lon i za t i on  to  d i f f e ren t  beaches .  No

s ing le  env i ronmen ta l  f ac to r  appeared  to  be  d i rec t l y  re la ted  to  the

de lay  i n  r ec ru i tmen t / co lon i za t i on  a t  s i t es  w i t h i n  15 .5  km o f  SONGS.

Th is  i s  so  because  the  hab i ta t  a t  many  o f  t hese  beach  s i t es  d id  no t

app rec iab l y  va ry  be tween  su rveys .  Resu l t s  o f  rnu l t i p le  reg ress ion

ana lyses  sugges t  t ha t  t he  su i te  o f  phys i ca l - chemica l  f ac to rs  tha t  were

measured  may  be  on l y  weak ly  i n f l uen t i a l  o r  t he  e r ro rs  i n  t he  measuremen t

o f  t he  dependen t  o r  i ndependen t  va r i ab les  o r  bo th  were  roo  g rea t  t o

d i sce rn  c l ea r  r e l a t i onsh ips  (Tab1e  3 -5 ) .  E f f o rd  (L970 )  sugges ted  t ha t

l oca l i zed  coas ta l  cu r ren t  edd ies  m igh t  a f fec t  rec ru i tmen t .  However ,

i n fo rma t ion  i s  t oo  scan t  rega rd ing  sma l1 -sca le  c i r cu la t i on  pa t te rns  i n

the  Sou the rn  Ca l i f o rn ia  B igh t  t o  eva lua te  whe the r  t h i s  cou ld  have

a f f ec ted  rec ru i tmen t  pa t t e rns  i n  1983 .

The  obse rva t i on  tha t  t he  two  s i t es  6 .5  km N  and  5 .5  km S  had

rec ru i tmen t  and  co lon i za t i on  h i s t o r i es  s im i l a r  t o  o the r  s i t es  nea r

SONGS,  bu t  t ha t  t hey  had  more  l a rge ,  ove rw in te red  i nd i v idua ls  than

o the r  s i t es  nea r  SONGS,  imp l i es  tha t  d i f f e rences  i n  popu la t i on

s t ruc tu re  may  be  re la ted  to  d i f f e rences  i n  t he  env i ronmen t .  The  c lus te r

ana l yses  showed  t ha t ,  o f  t he  s i t es  w i t h i n  15 .5  kmo f  SONGS,6 .5  kmNhad

f i ne r  sed imen ts  t han  t he  o the r  s i t es .  and  t he  beach  s i t e  6 .5  km S  had

f i ne r  sed imen ts  i n  Ju l v .
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The  change  o f  beaches  f rom p r imar i l y  sand  to  exposed  bou lde rs ,  by

the  denud ing  ac t i on  o f  w in te r  s to rms ,  has  been  sugges ted  as  a  reason  fo r

the  l ack  o f  ove rw in te red  sand  c rabs  i n  some popu la t i ons  (E f fo rd ,  L97O) .

Th is  may  accoun t ,  a t  l eas t  i n  pa r t ,  f o r  t he  l ow  numbers  o f  ove rw in te red

fema les  a t  mos t  s i t es  w i t h i n  15 .5  km o f  SONGS.  wh i ch  had  coa rse

sed imen ts  and  sub t i da l  cobb le .

3 .2 .2 .1 .3  Compar i son  W i th  Pas t  S rud ies

The  d i f f e rences  i n  t he  s i ze  f requency  d i s t r i bu t i ons  o f  ma le  and

fema le  popu la t i ons  among  s i t es  w i th in  6 .5  km o f  SONGS in  1983  a re

s im i l a r  t o  resu l t s  f rom p rev ious  MRC s tud ies .  Dur ing  the  L977

rep roduc t i ve  season ,  popu la t i ons  a t  6 .5  km N ,  1 .5  km S ,  and  6 .5  km S  we re

compr i sed  o f  bo th  l a rge  and  sma l l  i nd i v idua ls ,  whereas  ma les  and

fema les  we re  p redom inan t l y  sma l l e r  a t  O .4  and  1 .5  km N  (Auyong ,  1981 :

F igu re  5 ,  no te  t ha t  t he  l abe l s  o f  p l o t s  o f  ma les  and  f ema les  a re

reve rsed ) .  0n  the  expanded  geograph ic  samp l ing  sca le  o f  1983 ,  t he re

were  no  cons i s ten t  t rends  i n  f ema le  s i ze  f requenc ies  re la t i ve  to  SONGS.

Ma le  and  fema le  popu la t i ons  a t  s i t es  0 .4  km N  and  1 .5  km N  had  on l y

sma l le r  i nd i v idua ls  and  the i r  d i s t r i bu t i ons  were  s im i l a r  t o  t hose  a t

s i t es  12  k rn  and  15 .5  km away  f rom SONGS.  S ize  f requenc ies  a t  t he  6 .5  km

s i tes  l ooked  more  l i ke  beaches  fa r the r  no r th  and  sou th .

3  . 2 . 2 . 2  E s t i m a t e d  G r o w t h  o f  F e m a l e s

G r o w t h  o f  f e m a l e s  w a s  q u a l i t a t i v e l y  e s t i m a t e d  b y  e x a m i n i n g  s i z e

f requency  d is t r ibu t ions  and no t ing  changes in  abundance re la t i ve  to

s i z e  b e t w e e n  s u r v e y s .  T h i s  m e t h o d  o n l y  p r o v i d e s  a  g r o s s  e s t i m a t i o n  o f

g r o w t h  a n d  i s  t h e r e f o r e  a  c o n s e r v a t i v e  m e a s u r e  i n  t h e  s e n s e  t h a t  o n l y

I a r g e  d i f f e r e n c e s  i n  g r o w t h  w o u l d  b e  i n d i c a t e d  i f  d i f f e r e n c e s  a m o n g

b e a c h  s i t e s  w e r e  i d e n t i f i e d  u s i n g  t h i s  t e c h n i q u e .
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At  mos t  s i t es ,  peak  abundances  i n  the  s i ze  f requency  d i s t r i bu t i ons

o f  f ema les  sh i f t ed  toward  l a rge r  s i zes  as  the  season  p rog ressed

(Append ix  E ) .  These  sh i f t s  be tween  su rveys  i nd i ca ted  an  es t ima ted

g rowth  ra te  o f  I  mm to  2  mm per  mon th  a t  mos t  beach  s i t es .  Th i s  ra te  i s

abou t  t he  same as  pub l i shed  accoun ts  based  on  l abo ra to ry  and  f i e ld

es t ima t i ons  (Oud1ey ,  L967 ;  E1 l i o t t ,  L972 ;  Fusa ro ,  1978 ) .

One  excep t i on  was  Cabr i l l o  Beach ,  where  the  s i ze  o f  f ema les  (a11

sna l1 )  changed  l i t t I e  be tween  su rveys ,  p robab ly  i nd i ca t i ng  e i t he r  ve ry

s low  g rowth  o r  more  l i ke l y  h igh  mor ta l i t y  and  success i ve  samp l ing  o f

d i f f e ren t  rec ru i tmen ts .  The re  d id  no t  appear  to  be  an  ex tended  t rend  i n

es t ima ted  g rowth  ra tes  w i th  d i s tance  f rom SONGS.  However ,  o f  t he  s i t es

w i th in  6  .  5  km o f  SONGS ,  0  .4  km N  had  the  l eas t  sh i f t  t owards  l a rge r  s i zes

f rom Ju l y  to  Augus t .

Dur ing  the  compar i son  o f  s i t es  fo r  t rends  i n  es t ima ted  g rowth

ra tes ,  t he  rep roduc t i ve  cond i t i on  o f  t he  fema les  was  examined .  I t  has

been  sugges ted  by  Cox  and  Dud ley  (1968)  tha t  f ood  ene rgy  may  be

a l l oca ted  more  towards  g rowth  o r  rep roduc t i on  depend ing  on  the  s i ze  o f

the  fema le  and  season .

Two  spec i f i c  examp les  sugges t  t ha t  t he  rep roduc t i ve  cond i t i on  o f

the  fema le  may  be  re la ted  to  g rowth ,  one  a t  45  km S  and  one  a t  110  km N .

At  Moonl ight  Beach (45 km S)  peak abundances were found in  the same s ize

g roups  i n  bo th  Ju l y  and  Augus t .  More  than  80% o f  t he  fema les  were

b rood ing  a t  Moon l i gh t  Beach  i n  Ju l y  and  Augus t .  The  apparen t  s low

es t ima ted  g rowth  may  i nd i ca te  tha t  ene rgy  was  be ing  used  more  fo r  egg

p roduc t i on  t han  f o r  g row th .  A t  He rmosa  Beach  ( f 00  km N) ,  t he  s i t ua t i on

was  reve rsed .  The  s i ze  f requency  d i s t r i bu t i on  o f  f ema le  popu la t i ons  a t

He rmosa  Beach  sh i f t ed  abou t  2  t o  3  s i eve  s i zes  (2 -3  mm)  f r om Ju l y  t o

Augus t .  Th i s  sugges ts  tha t  f ema les  g rew fas te r  t he re  than  a t  o the r
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s i tes .  A  s ign i f i can t l y  sma l l e r  p ropo r t i on  o f  t he  l a rge r  f ema les  were

b reed ing  a t  Hermosa  Beach  (and  a l so  a t  115  km N)  re la t i ve  to  s i t es

fa r t he r  sou th  i n  Ju l y  ( see  sec t i on  3 .2 .3 ) .  Pe rhaps  a t  He rmosa  Beach  t he

energy  was  used  more  fo r  g rowth  than  fo r  egg  p roduc t i on .  I t  was  no t

poss ib le  to  fu r the r  i nves t i ga te  the  sugges ted  re la t i onsh ip  be tween

rep roduc t i on  and  g rowth ,  wh ich  was  ou ts ide  the  p roposed  scope  o f  t he

s tudy ,  because  t he  da ta  was  no t  su f f i c i en t  f o r  t h i s  pu rpose .

In  1983 ,  t he  s i ze  a t  f i r s t  b reed ing  dec reased  f rom June  to  Augus t

o r  f rom Ju l y  to  Augus t  f o r  f ema les  a t  a l l  beaehes .  Th i s  i s  because

sma l le r  f ema les  became rep roduc t i ve  as  the  season  p rog ressed .  Auyong

( f981 )  f ound  t ha t  r ep roduc t i ve  f ema les  we re  sma l l es t  a t  0 .4  kmN and  1 .5

km N  re l a t i ve  t o  o the r  s i t es  w i t h i n  6 .5  km o f  SONGS du r i ng  t he  Lg77

rep roduc t i ve  season .  I t  was  sugges ted  tha t  t h i s  was  because  o f

dec reased  g rowth ,  bu t  t he re  was  no  c lea r  geograph ic  t rend  i n  g rowth  as

determined by a s tudy of  mol t ing f requency.  In  the more comprehensive

samp l i ng  o f  1983 ,  t he  sma l l es t  r ep roduc t i ve  f ema les  (7 -9  mm)  we re

co l l ec ted  mos t l y  f r om 15 .5  km N ,  L2  km N ,  0 .4  km N ,  and  45  km S ,

ind i ca t i ng  no  geograph ic  t rend  re la t i ve  to  SONGS in  the  sma l l es t  s i ze  a t

wh i ch  f ema les  began  t o  b reed  (a l so  see  sec t i on  3 .2 .2 .2  be low) .

Reproduc t i ve  fema les  a t  45  km S  may  have  been  re la t i ve l y  sma l l e r  as  a

resu l t  o f  s l ower  g rowth  because  they  began  to  rep roduce  ea r l i e r  i n  t he

season .  I n  con t ras t ,  rep roduc t i ve  fema les  may  have  been  re la t i ve l y

sma l l e r  a t  s i t es  w i t h i n  15 .5  km o f  SONGS because  o f  l a t e r  r ec ru i tmen t  o r

co  l on i za t  i on .

3 .2 .2 .3  S i ze  Modes

The mean of  the maximum s ize mode of  males and mean of  the min imum

s ize  mode  o f  f ema les  w i th  eggs  were  de te rm ined  by  us ing  p robab i l i t y
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pape r  i n  t he  manne r  o f  Wenne r  ( 1982 )  ( see  Append i x  D ,  sec t i on  D .2 ) .

Di f ferences between beaches were tested (one-way ANOVA and SNK)

separate ly  for  the mean of  the maximum s ize mode of  males and the mean of

the min imum s ize mode of  females wi th  eggs for  each survey.  Males and

egg-bear ing  fema les  were  each  ana lyzed  i n  the  same manner .  A11  beach

s i te  samp les  (pa tch  and  i n te rpa tch )  w i th  f i ve  o r  more  an ima ls  were  used

as  rep l i ca tes .

The  mean  o f  t he  max imum s i ze  mode  o f  ma les  d i f f e red  s ign i f i can t l y

(p  .  0 .00 I )  among  t he  beach  s i t es  du r i ng  June ,  Ju l y ,  andAugus t .  0 f  t he

s i tes  w i th in  6 .5  km o f  SONGS,  the  SNK resu l t s  showed  tha t  t he  max imum

s ize  o f  r na les  was  gene ra l l y  sma l l e r  a t  0 .4  km N  and  1 .5  km N  than  a t  1 .5

km S ,6 .5  km N ,  and  6 .5  km S  (F igu res  3 -L2 ,  3 -13 ,  and  3 -14 ) .  S im i l a r

resu l t s  were  repo r ted  by  Auyong  (1981)  and  Wenner  (L982) .  On  the

expanded  geograph ic  sca le  o f  1983  samp l ing ,  t he re  was  no  ex tended  t rend

in  the  s i ze  o f  ma les  re la t i ve  to  SONGS because  the  max imum s i ze

dec reased  aga in  a t  some s i t es  more  than  6 .5  km f rom SONGS (12  km S ,  18  km

S,  12  km N ,  and  15 .5  km N)  .  The  means  o f  t he  max imum s i ze  mode  o f  ma les  a t

s i t es  nea r  SONGS were  w i th in  the  va r ia t i on  found  e l sewhere .  The re fo re .

corre lat ions between th is  var iab le and the envi ronment  were not

examined.

On the expanded scale of  1983 sampl ing,  the mean of  the min imum

s ize  mode  o f  f ema les  w i th  eggs  d i f f e red  s ign i f i can t l y  among  beach  s i t es

i n  Ju l y  and  Augus t  ( p  <  0 .001 )  bu t  no t  i n  June .  Too  f ew  fema les  w i t h

eggs  were  ava i l ab le  a t  beach  s i t es  w i th in  6 .5  km o f  SONGS to  make  the

sho r te r  sca le  beach  compar i sons  repo r ted  by  Auyong  (1981 ) .  Fo r

ins tance ,  ov ige rous  fema les  were  p resen t  on l y  a t  0 .4  km N  in  Ju1y ,  and

were  sma l l es t  t he re  (F i gu re  3 -15 ) .  Ov ige rous  f ema les  we re  p resen t  a t

0 .4  km N  and  some  o the r  s i t es  nea r  SONGS in  Augus t  ( 15 .5  km N ,  12  km N ,  L2
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km S ) ,  bu t  no  s ta t i s t i ca l  d i f f e rence  i n

(F igu re  3 -16 ) .  The re fo re ,  as  w i t h  t he

lhe  m in imum s i ze  modes  o f  f ema les  w i th

no t  i nves t i ga ted .

s i ze  re la t i ve  to  SONGS was  found

ma les ,  t he  re la t i onsh ip  be tween

eggs and the beach habi ta ts  was

3 . 2 . 2 . 4  M e d i a n  S i z e

The med ian  s ize  o f  reproduc t ive  females  was compared among beach

s i t e s ,  f o r  e a c h  s u r v e y ,  b y  o n e - w a y  A N 0 V A  a n d  S N K .  T o  d i s c r i m i n a t e

b e t w e e n  c a t e g o r i e s  o f  r e p r o d u c t i v e  f e m a l e s  ( s e e  s e c t i o n  3 . 2 . 3 ) ,  f e m a l e s

w i t h  e g g s ,  f e m a l e s  w i t h  s p e n t  e g g  c a s e s ,  a n d  b o t h  c a t e g o r i e s  c o m b i n e d

w e r e  t e s t e d  s e p a r a t e l y .  F i r s t  t h e  f e m a l e s  o f  a l l  s i z e s  w e r e  t e s t e d ,  t h e n

t h e y  w e r e  s e p a r a t e d  i n t o  t w o  s i z e  c a t e g o r i e s  ( s m a 1 l e r  a n d  l a r g e r  t h a n  1 3

m m )  t o  e x a m i n e  t h e  p o s s i b l e  e f f e c t  o f  o v e r w i n t e r i n g  f e m a l e s  o n  t h e

m e d i a n  s i z e .  T h e  r e s u l t s  o f  t h e  c o m b i n e d  c a t e g o r i e s  ( f e m a l e s  w i t h  e g g s

o r  s p e n t  e g g  c a s e s )  a r e  s h o w n  b e c a u s e  f e w  b e a c h  s i t e s  n e a r  S O N G S  h a d

f e m a l e s  w i t h  e g g s ;  a l s o ,  t h e  s i z e s  o f  f e m a l e s  w i t h  e g g s  o r  s p e n t  e g g

c a s e s  w e r e  s i m i l a r  a t  t h e  s i t e s  w h e r e  t h e y  b o t h  o c c u r r e d .  P l o t s  o f  t h e

m e a n  o f  t h e  m e d i a n  s i z e  f o r  e a c h  b e a c h  a n d  t h e  r e s u l t s  o f  t h e  S N K  a r e

p r e s e n t e d  f o r  e a c h  s i z e  c a t e g o r y  ( F i g u r e s  3 - L 7  t o  3 - 2 1 ) .  A 1 1  b e a c h  s i t e

s a m p l e s  ( e x c e p t  i n t e r p a t c h )  w i t h  t e n  o r  m o r e  r e p r o d u c t i v e  f e m a l e s  i n

t h e  s i z e  c a t e g o r y  b e i n g  t e s t e d  w e r e  u s e d  a s  r e p l i c a t e s .

F e m a l e s  w i t h  e g g s  o r  s p e n t  e g g  c a s e s  w e r e  t o o  r a r e  f o r  m e a n i n g f u l

c o m p a r i s o n s  o f  m e d i a n  s i z e  i n  e i t h e r  J u n e  o r  J u l y  ( F i g u r e s  3 - L 7  a n d  3 -

rB) .

I n  A u g u s t  1 9 8 3 ,  t h e  b e a c h  s i t e s  d i f f e r e d  s i g n i f i c a n t l y  ( p  .  0 . 0 0 1 )

i n  m e d i a n  s i z e  o f  f e m a l e s  i n  a 1 l  t h r e e  c a t e g o r i e s  ( e g g s ,  s p e n t  e g g

c a s e s ,  a n d  b o t h  c o m b i n e d ) .  0 n  t h e  l i m i t e d  s c a l e  o f  s a m p l i n g  ( i . e . ,

w i t h i n  6 . 5  k m  o f  S O N G S ) ,  A u y o n g  ( 1 9 8 1 )  r e p o r t e d  t h a t  t h e  m e a n  s i z e  o f
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ov ige rous  f ema les  was  s i gn i f i can t l y  l ess  a t  1 .5  kmN and  0 .4  kmN than  a t

1 .5  km S ,  5 .5  k rn  S ,  and  6 .5  km N  i n  1977 .  I n  Augus t  1983 ,  t he  med ian  s i ze

o f  rep roduc t i ve  fema les  (p r imar i l y  spen t )  was  s ign i f i can t l y  l ess  a t  0 .4

km N  than  a t  o the r  s i t es  w i th in  6 .5  km o f  SONGS.  Too  few  rep roduc t i ve

fema les  were  co l l ec ted  a t  1 .5  km N  in  1983  fo r  compar i son  w i th  o the r

s i t es  o r  seasons .  Howeve r ,  t he  s i ze  f r equency  d i s t r i bu t i on  o f  f ema les

a t  t h i s  s i t e  was  s im i l a r  t o  t ha t  a t  0 .4  km N  ( see  sec t i on  3  . 2 .2 .L .2 ) .

On  the  expanded  samp l ing  sca le ,  SNK tes ts  showed  tha t  f ema les  w i th

eggs  we re  sma l l e r  (med ian  s i ze )  a t  0 .4  km N ,  15 .5  km N ,  and  45  k rn  S  t han

a t  65  km S ,  100  km N ,  and  450  km N  (F igu re  3 -19a ) .  Fema les  w i t h  spen t  egg

cases  were  sma l l e r  (med ian  s i - ze )  a t  0 .4  km N ,  12  km N ,  and  45  km S  than  a t

o the r  s i t es  nea r  and  away  f rom SONGS (F igu re  3 -19b ) .  s im i l a r l y ,  i l o

geograph ic  t rend  re la t i ve  to  SONGS was  found  i n  the  med ian  s i ze  o f

fema les  w i th  eggs  o r  spen t  egg  cases  comb ined  (F igu re  3 -19c ) .  The  med ian

s i zes  o f  rep roduc t i ve  fema les  a t  beach  s i t es  i n  t he  v i c in i t y  o f  SONGS

were  w i th in  the  va r ia t i on  found  e l sewhere .  An  ana lys i s  o f  t he  fema les

d iv ided  i n to  two  s i ze  g roups  ( l a rge r  and  sma l l e r  t han  13  mm)  gave  the

same resu l t  (F igu res  3 -2O and  3  -2 f ) .

D i f f e rences  i n  t he  med ian  s i ze  o f  rep roduc t i ve  fema les  appear  to

be  un re la ted  to  d i s tance  f rom S0NGS.  Ra the r  t hey  appear  to  be  re la ted

to  the  i n f l uence  o f  ove rw in te red  fema les ,  t o  rec ru i tmen t ,  and  to  s i t e -

spec i f i c  seasona l  va r i a t i ons  i n  b reed ing .  Fo r  examp le ,  0 .4  km N ,  t 2  k rn

N ,  and  15 .5  km N  had  s im i l a r  s i ze  f r equency  d i s t r i bu t i ons ,  f ew

overw in te red  fema les ,  and  the  sma l l es t  ove ra l l  med ian  s i ze  o f  b reed ing

fema les .  A l t hough  no t  t es ted ,  1 .5  km N  a l so  be longs  i n  t h i s  g roup .

O the r  s i t es  w i th in  12  km o f  SONGS had  an  add i t i ona l  rec ru i tmen t  c lass  (<

13  rnm)  ( seeAppend ix  E ) ,  more  ove rw in te red  fema les ,  and  a  l a rge r  ove ra l l

med ian  s i ze .  Reproduc t i ve  fe rna les  were  re la t i ve l y  sma l l  a t  Moon l i gh t
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Beach  (45  k rn  S ) .  As  p rev ious l y  men t ioned ,  a  l a rge r  p ropo r t i on  o f  t he

sma l le r  f ema les  were  b reed ing  a t  45  km S  ea r l i e r  i n  t he  season ,  and

growth  appeared  to  have  been  s lower  a t  t h i s  s i t e .  I n  con t ras t ,  t he

med ian  s i ze  o f  b reed ing  fema les  was  l a rge r  a t  s i t es  where  o lde r  f ema les

( t  13  mm)  were  p resen t ,  rec ru i tmen t  was  ea r l i e r ,  and  i n  the  case  o f  100

km N,  when  rep roduc t i on  occu r red  l a te r .

3  . 2 .  3  F e m a l e  R e p r o d u c t i o n

S e v e r a l  v a r i a b l e s  a s s o c i a t e d  w i t h  t h e  r e p r o d u c t i o n  o f  f e m a l e  s a n d

c r a b s  w e r e  e x a m i n e d .  T h e  p e r c e n t a g e  o f  m a t u r e  f e m a l e s  ( l a r g e r  t h a n  o r

e q u a l  t o  t h e  m i n i m u m  s i z e  o f  e g g - b e a r i n g  f e m a l e s  )  t h a t  w e r e

reproduc t ive  was compared anong beach s i tes  to  de termine whether  the

r e p o r t e d  l o w  i n c i d e n c e  o f  e g g  p r o d u c t i o n  n e a r  S O N G S  ( W e n n e r ,  L 9 8 2 )

P e r s i s t e d  t h r o u g h  t h e  1 9 8 3  s e a s o n .  W e n n e r  d e f i n e d  r e p r o d u c t i v e  f e m a l e s

a s  o n l y  t h o s e  c a r r y i n g  a p p a r e n t l y  v i a b l e  e g g  m a s s e s .  H e  c o n s i d e r e d

( p e r s .  c o m m . )  t h a t  a n y t h i n g  m o r e  t h a n  a  s m a l l  f r a c t i o n  ( 5 % )  o f  t h e

m a t u r e  f e m a l e s  w i t h  s p e n t  e g g  c a s e s  i n d i c a t e d  d i s r u p t e d  r e p r o d u c t i o n ,

and tha t  spent  females  shou ld  no t  be  inc luded in  the  reproduc t ive

f r a c t i o n .  H o w e v e r ,  s p e n t  e g g  c a s e s  c a n  a l s o  r e s u l t  f r o m  n o r m a l  h a t c h i n q

o f  y o u n g .  S o m e  e v i d e n c e  ( C o x  a n d  D u d l e y ,  1 9 6 8 )  s u g g e s t s  t h a t  t h e

p r o p o r t i o n  o f  m a t u r e  f e m a l e s  w i t h  s p e n t  e g g  c a s e s  m a y  f l u c t u a t e  b e c a u s e

f e m a l e s  o f  a  s i m i l a r  a g e  m a y  h a v e  s y n c h r o n o u s  r e p r o d u c t i v e  c y c l e s .

T o  a d d . r e s s  b o t h  o f  t h e s e  a l t e r n a t i v e s ,  t h e  f r a c t i o n  o f  m a t u r e

f e m a l e s  w i t h  e g g s ,  t h e  f r a c t i o n  w i t h  s p e n t  e g g  c a s e s ,  a n d  t h e  f r a c t i o n

w i t h  e i t h e r  e g g s  o r  s p e n t  e g g  c a s e s  ( d e s i g n a t e d  " r e p r o d u c t i v e "  f o r  l a c k

o f  a  b e t t e r  t e r m )  w e r e  d e t e r m i n e d  i n  1 9 8 3 .  E a c h  o f  t h e s e  f r a c t i o n s  w a s

c o m p a r e d  b e t w e e n  b e a c h  s i t e s  i n  t h e  c o n t e x t  o f  t h e  s i z e  f r e q u e n c y

d i s t r i b u t i o n s  a n d  e s t i m a t e d  r e c r u i t m e n t  p a t t e r n s  o f  t h e  f e m a l e

p o p u l a t  i o n s  .
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Ev idence  fo r  d i s rup t i on  o f  egg  ma tu ra t j -on  and /o r  rep roduc t i ve

synchrony was invest igated by examin ing the c lu tch s ize of  newly

ex t ruded  egg  masses ,  i nc idence  o f  ex te rna l  pa ras i tes  i n  t he  egg  mass

reg ion ,  ex te rna l  appearance  o f  spen t  f ema les ,  ex te rna l  deve lopmen t  o f

eggs ,  and  i n te rna l  deve lopmen t  o f  oocy tes .

3 .2 .3 .  I  Pe rcen tage  o f  Fema les  i n  Rep roduc t i ve  Cond i t i on

The percentage of  female sand crabs that  were reproduct ive was

examined  acco rd ing  to  s i ze  ca tego r ies  to  p reven t  any  s ing le  s i ze  g roup

(e .g . ,  ove rw in te red  fema les  o r  immatu re  fema les )  f rom domina t i ng  the

resu l t s .  W i th  the  excep t i ons  o f  Mor ro  Bay  (450  km N)  and  Cabr i l l o  Beach

(79  km N)  ( see  sec t i on  3 .2 .2 .  I . 2  and  3 .2 .2 .2 ) , ' t h i s  a l l owed  us  t o  t es t

g roups  o f  abou t  t he  same sexua l  ma tu r i t y .

Acco rd ing  to  Wenner  ( rev iew  o f  Oc tobe r  1983  MEC Sand  Crab  Repor t ,

unpub l .  )  ,  sand  c rabs  a t  Mor ro  Bay  do  no t  p roduce  eggs  the i r  f i r s t  yea r

on  the  beach .  The  1983  da ta  suppor t  t h i s .  Even  as  l a te  i n  t he  season  as

Augus t ,  f ema le  sand  c rabs  sma l l e r  t han  13  mm d id  no t  ca r r y  eggs  o r  spen t

egg  cases .  A t  Cabr i l l o  Beach  the re  were  few  fema les  l a rge r  t han  10  mm in

June  and  mos t  o f  t hese  d i sappeared  by  Ju l y .  A f te r  June  no  fema les  g rew

to  sexua l  ma tu r i t y  a t  Cabr i l l o  Beach .  These  excep t i ons  were  taken  i n to

cons ide ra t i on  when  the  resu l t s  o f  be tween-beach  compar i sons  were

in te rp re ted .

Th ree  s i ze  ca tego r ies  o f  f ema les  were  compared  among  beach  s i t es :

larger  than 13 mm carapace length,  larger  than 10 mm to 13 mm, and 7 mm

to  l 0  mm (Tab le  3 -10 ) .  I n  June  on l y  ove rw in te red  fema les  were

rep roduc t i ve .  Fema le  rec ru i t s  o f  l a te  L982-1983  became rep roduc t i ve  a t

p rog ress i ve l y  sma l l e r  s i zes  as  summer  p rog ressed .  Many  fema les  tha t

had  g rown  to  med ium s i ze  ( t  10  mm-13  mm)  by  Ju l y  were  rep roduc t i ve  fo r
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t he  f i r s t  t ime  in  tha t  mon th .  A  subsequen t  rec ru i tmen t  c lass  tha t  had

grown  to  7  mm-10  mm by  Augus t ,  f i r s t  became rep roduc t i ve  i n tha tmon th .

The re fo re .  t he  s i ze  c l asses  t es ted  f o r  beach  d i f f e rences  we re

res t r i c ted  to  >  13  mm in  June ,  >  13  rnm and  >  10  mm-13  rnm in  Ju l y ,  and  a l l

3  s i ze  ca tego r i es  i n  Augus t  ( t ab Ie  3 -10 ) .  Fo r  each  o f  t hese  s i ze

ca tego r ies  and  su rveys ,  t he  pe rcen tage  o f  f ema les  w i th  ex te rna l  eggs

(b r i gh t -o range ,  bu rn t -o range ,  B rey ) ,  spen t  egg  cases ,  and  bo th

ca tego r ies  comb ined  were  tes ted  separa te l y  f o r  beach  d i f f e rences  by

ANOVA and SNK. To descr ibe the overa l l  seasonal  development  of

r ep roduc t i ve  ac t i v i t y ,  a l l  f ema les ,  r ega rd less  o f  s i ze ,  we re  cons ide red

f i r s t  (F i gu re  3 -22 ) .
(^' -')

I n  t hese  t es t s ,  a l l  beach  s i t e  samp fes / (excep t  i n t e rpa t ch )  (w i t h

ten  o r  more  fema les  i n  t he  s i ze  ca tego ry -examined  were  used  as

rep l i ca tes .  P lo t s  o f  t he  mean  pe rcen tage  o f  r ep roduc t i ve  f ema les  f o r

each  beach  and  the  resu l t s  o f  t he  SNK a re  p resen ted  i n  F igu res  3 -23  to  3 -

31 .  The  pe rcen tages  o f  f ema les  w i th  eggs  and  fema les  w i th  spen t  egg

cases  a re  shown  on  separa te  f i gu res  as  a re  the  two  ca tego r ies  comb ined ,

wh ich  may  o r  may  no t  rep resen t  t he  to ta l  pe rcen tage  o f  " rep roduc t i ve "

fema les .  Whe the r  o r  no t  bo . th  ca tego r ies  (F "  =  f  ema les  w i th  eggs  ,  F "  =

fema les  w i th  spen t  egg  cases )  rep resen t  t he  to ta l  pe rcen tage  o f

reproduct ive females depends on whether  females wi th  spent  egg cases

resu l t ed  f r om no rma l  o r  abno rma l  r ep roduc t i on :  see  sec t i on  3 .2 .3 .2  f o r

f u r t he r  d i scuss ion .

3 . 2 . 3 . 1 . 1  F e m a l e s  w i t h  E g g s  a n d  S p e n t  E g g  C a s e s  ( F " * s )

F e m a l e s  w i t h  e g g s  o r  s p e n t  e g g  c a s e s  a t t a c h e d  t o  t h e i r  p l e o p o d s

w i l l  b e  r e f e r r e d  t o  h e r e a f t e r  a s  F . * " .  T h e  f r a c t i o n  o f  F " * "  o f  t h e  t o t a l

f e m a l e  p o p u l a t i o n  i n c r e a s e d  f r o m  J u n e  t o  A u g u s t ,  w i t h  t h e  g r e a t e s t

"I
f
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i nc rease  occu r r i ng  be tween  Ju l y  and  Augus t  (F igu re  3 -22 ) .  The

prog ress ion  o f  t he  i nc rease  va r ied  among  beach  s i t es .  The re  appeared  to

be a delay in  the reproduct ive act iv i ty  o f  females at  the two nor thern

beach  s i t es  i n  sou the rn  Ca l i f o rn ia  (115  km N  and  100  km N) ,  wh ich  was

more  apparen t  when  s i ze  g roups  were  cons ide red  ( see  be low) .  I n  Ju l y  42%

of the females were reproduct ive at  18 km S and 80% were reproduct ive at

45  km S .  Such  h igh  pe rcen tages  were  no t  seen  a t  o the r  s i t es  un t i l

Augus t .  The  tendency  fo r  s i t es  nea r  SONGS to  have  l ower  pe rcen tages  o f

Fu* "  i s  add ressed  be low  w i t h  r ega rd  t o  s i ze  g roups .

SONGS beach  s i t es  tended  to  d i f f e r  f rom mos t  o the r  beach  s i t es  i n

Augus t  bu t  no t  i n  June  and  Ju l y  (Tab le  3 -10 ) .  The re  were  essen t i a l l y  no

d i f f e rences  be tween  beach  s i t es  fo r  t he  ove rw in te red  ( t  t :  mm)  o r  med ium

s i ze  ( t  10  mm-13  mm)  F " * "  i r  June  (F igu res  3 -23a  and  3 -23b ) .  Fema les

la rge r  t han  13  mm were  no t  f ound  a t  SONGS beach  s i t es  du r ing  Ju1y ,  so

compar i sons  cou ld  no t  be  made  (F igu re  3 -24a ) .  Fu r the rmore ,  t he re  was  no

geograph ic  t rend  i n  the  rep roduc t i ve  f rac t i on  o f  med ium s i ze  (>  10  mm -

13  mm)  fema les  i n  Ju l y  (F igu re  3 -24b ) .

I n  Augus t ,  t he re  we re  s i gn i f i can t l y  ( p  <  0 .05 )  f ewe r  l a rge  ( t  13

mm)  rep roduc t i ve  fema les  w i th in  12  km o f  SONGS re la t i ve  to  s i t es  fa r the r

no r th  o r  sou th  (F igu re  3 -25a ) .  I n  add i t i on ,  t he  rep roduc t i ve  f rac t i ons

of  medium ( t  10 mm -  13 mm) and smal1 (7 mm -  l0  mm) females were lower

a t  s i t es  w i t h i n  12  km o f  SONGS (excep t  0 .4  km N)  t han  a t  mos t  o the r . s i t es

(F igu res  3 -25b  and  3  -25c ) .

3  . 2 .3  . L .2  Fema les  w i t h  Eggs  (F .  )

I n  June ,  on l y  t he  ove rw in te red  fema les  ca r r i ed  eggs  (F igu res  3 -26a

and  3 -26b ) ,  and  they  were  found  p r imar i l y  a t  t he  sou the rn  beach  s i t es

(18  km S  t o  65  km S ) .  I n  Ju l y ,  f ema les  >  13  mm w i t h  eggs  we re  no t  f ound
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a t  beach  s i t es  nea r  SONGS (F igu re  3 -27a ) .  The  pe rcen tages  o f  med ium-

s i ze  F^  a t  SONGS were  w i th in  the  range  o f  o the r  beach  s i t es  i n  Ju l ye

(F igu re  3 -27b ) .  I n  Augus t ,  t he  pe rcen tages  o f  F .  were  s ign i f i can t l y  (p

<  0 .05 )  l owe r  a t  beach  s i t es  nea r  SONGS than  a t  o the r  beach  s i t es  f o r  t he

two  l a rge r  s i ze  c l asses  (F igu res  3 -28a  and  3 -28b ) .  The  pe rcen tages  o f

sma l l  F .  (7  mm-10  mm)  were  l ower  a t  mos t  beach  s i t es  nea r  SONGS (F igu re

3 -28c ) .

3 .2 .3 .1 .3  Fema les  w i t h  Spen t  Egg  Cases  (F= )

In  June ,  on l y  t he  ove rw in te red  fema les  had  c lu t ches  o f  spen t  egg

cases .  O f  t he  popu la t i ons  w i t h i n  12  km o f  SONGS,  on l y  s i t es  6 .5  kmN and

5 .5  km S  had  ove rw in te red  fema les  and  they  had  s ign i f i can t l y  more

clutches with spe-nt egg case"s'tt+an fema.tr-es-away .fr-o-m- SONGS. (Figures 3-
/

29a  and  3 -29b ) .  \ I *  Ju1y ,  f ema les  >  13  mm w i th  spen t  egg  cases  were  no t
t;--4a-:-::-:: .

f o u n d  a t  b e a c h  s i t e s  n e a r  S O N G S  ( f i g u r e  3 - 3 0 a ) .  T h e  p e r c e n t a g e s  o f

m e d i u m - s i z e  F -  a t  m o s t  s i t e s  n e a r  S O N G S  w e r e  l o w  a n d  w i t h i n  t h e  r a n g e  o fs

t he r  beach  s i t es  (F i gu re  3 -30b ) .

In  Augus t ,  l a rge r  f rac t i ons  o f  t he  fema les  g rea te r  t han  13  mm and  >

0 mm to 13 mm had spent  egg cases at  beach s i tes wi th in  12 km of  SONGS

e la t i ve  t o  f ema les  a t  o the r  beach  s i t es  (F i gu res  3 -3 l a  and  3 -3 l b ) .

l t hough  th i s  t rend  was  s im i l a r  f o r  t he  sma l l es t  (7  mm -  10  mm)

ep rodue t i ve  f ema les ,  d i f f e rences  be tween  s i t es  we re  no t  s t a t i s t i ca l l y

i gn i f i can t  (F i gu re  3 -31c )  .

3  . 2 . 3  . L . 4  S u m m a r y  o f  A n a l y s e s  o f  R e p r o d u c t i v e  C o n d i t i o n

I n  J u n e ,  b e a c h  s i t e s  n e a r  S a n  O n o f r e  h a d  l o w e r  p e r c e n t a g e s  o f

overw in te red  females  car ry ing  eggs  and h igher  percentages  o f

o v e r w i n t e r e d  f e m a l e s  t h a t  c a r r y i n g  s p e n t  e g g  c a s e s .  I n  J u l y  n o
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di f ferences between beach s i tes near  and away f rom SONGS were found

where  compar i sons  cou ld  be  made .  I n  Augus t ,  beach  s i t es  nea r  SONGS

again had lower percentages of  females wi th  eggs and h igher  percentages

w i th  spen t  egg  cases .  I n  add i t i on ,  t he  pe rcen tage  o f  f ema les  w i th  eggs

o r  spen t  egg  cases  was  genera l l y  l ower  w i th in  L2  km o f  SONGS than  a t

o the r  s i t es  su rveyed  i n  sou the rn  Ca l i f o rn ia .

I f  t he  spen t  egg  cases  a t  s i t es  nea r  SONGS resu l ted  f rom d i s rup ted

egg  ma tu ra t i on ,  t hen  the  d i f f e rence  i n  the  rep roduc t i ve  ou tpu t  o f

females between s i tes wi th in  LZ km of  SONGS and far ther  away is

d ramat i c .  However ,  even  i f  spen t  egg  cases  rep resen ted  no rma l l y

ha tched  egg  masses ,  beach  s i t es  nea r  SONGS genera l l y  had  l ower

pe rcen tages  o f  rep roduc t i ve  fema les  (F " * " )  i n  Augus t .  Th i s  d i f f e rence

was  s ign i f i can t  f o r  t he  l a rge r -s i ze  fema les .  A l though  th i s  d i f f e rence

was  genera l l y  t rue  fo r  t he  med ium and  sma l l e r - s i ze  fema les ,

rep roduc t i ve  fema les  were  abundan t  a t  0 .4  km N .

3 .2 .3 .1 .5  Fema le  Rep roduc t i on  Re la t i ve  t o  t he  Env i r onmen t

The  re la t i onsh ips  be tween  the  phys i ca l - chemica l  env i ronmen ts  o f

the  beach  s i t es  and  th "  F . * " ,  F . ,  and  Fa  were  examined  separa te l y  f o r

the  fema le  popu la t i on  as  awho le ,  f o r  f ema les  l a rge r  t han  13  mm,  and  fo r

fema les  >  l 0  mm to  13  mm.  Da ta  f rom Ju l y  was  added  to  tha t  o f  Augus t ,

when appropr ia te,  to  increase the number of  observat ions and

consequen t l y ,  t he  deg rees  o f  f reedom in  the  mode ls .

Fo r  t he  f ema le  w i t h  eggs  o r  spen t  egg  cases  (Fe*s )  ca tego ry ,  t he
2

seve ra l  mu l t i p le  reg ress ion  ana lyses  accoun ted  fo r  s im i l a r  amoun ts  (R

=  0 .72  t o  0 .78 )  o f  t he  va r i ab i l i t y  among  beach  s i t es  (Tab le  3 -5 ) .  The

comb ina t i ons  o f  i ndependen t  va r i ab les  va r ied  w i th  the  ana lyses ,  bu t

sed imen t  cha rac te r  and  food  l eve l s  i n  t he  wa te r  were  impor tan t  i n  each
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(Tab le  3 -6 ) .  Tempera tu re  was  i n f l uen t i a l  bo th  when  one  cons ide red  a l l

f ema les  rega rd less  o f  s i ze  and  the  med ium-s i zed  fema le  ca tego ry .

No  s i t es  imposed  an  undue  in f l uence  on  the  th ree  reg ress ion

resu l t s  (Tab1e  3 -7 ) ,  howeve r ,  t he  pe rcen tage  F . * ,  i n  t he  >  10  mm-13  mm

s ize  range  a t  0 .4  k rn  N  was  no t  p red i c ted  we l l  based  on  the  env i ronmen ta l

va r i ab les  co l l ec ted  a t  s i t es  >  1 .5  km f r om SONGS (Cook ' s  D  o f  4 .399  a t

s i t e  0 .4  km N ,  Tab le  3 -8 ) .  The  poo r  p red i c t i on  a t  0 .4  km N  resu l t ed

because there were many more reproduct ive females than expected f rom

the  amoun t  o f  cobb le  cove rage  a t  t he  s i t e .  Cobb le  was  i den t i f i ed  as

be ing  i n f l uen t i a l  because  the  reg ress ion  coe f f i c i en t  f o r  t h i s  va r i ab le

changed  by  a  fac to r  o f  2  wh i l e  o the r  coe f f i c i en ts  changed  by  l ess  than

10% when  the  reg ress ion  was  run  w i th  and  then  w i thou t  0 .4  km N .  Because

the  Cook ' s  D  va lue  f o r  0 .4  km N  was  no t  s i gn i f i can t  i n  t he  reg ress ion

when  a l l  s i t es  were  cons ide red ,  t he  i n f l uence  o f  0 .4  km N  was  no t

cons ide red  i napprop r ia te  i n  t he  reg ress ion  resu l t .  The  i ndependen t

va r iab le  "d i s tance  f rom SONGS"  d id  no t  ou tpe r fo rm the  env i ronmen ta l

va r iab les  r+hen  s i t es  w i th in  15 .5  km o f  SONGS were  cons ide red .

The  c lus te r  ana lyses  o f  beaches  i n  Ju l y  (F igu re  3 -2 )  and  Augus t

(F igu re  3 -3 )  showed  t ha t  s i t es  w i t h  l esse r  f r ac t i ons  o f  F " * s  gene ra l l y

had  coa rse r  sed imen ts ,  l ess  f ood  i n  t he  wa te r ,  and  more  ses ton .  Food

and  the  ses ton  l oad  may  have  been  more  l im i t i ng  than  sed imen t  s i ze .  Fo r

ins tance ,  a t  Mor ro  Bay  where  a  l a rge  f rac t i on  o f  t he  l a rge  fema les  were

b reed ing  i n  Augus t ,  sed imen ts  were  ve ry  coa rse ,  f ood  l eve1s  were

mode ra te  t o  h i gh ,  and  ses ton  l eve l s  we re  l ow  re l a t i ve  t o  o the r  s i t es .

The  assoc ia t i on  o f  g rea te r  b reed ing  ac t i v i t y  w i th  s i t es  hav ing  more

ch lo rophyLL lphaeophy t i n  and  genera l l y  l ess  ses ton  (wh ich  was  poo r l y

co r re l a ted  w i t h  any  f ood  va r i ab le :  t 2  . 0 .201  sugges t s  t ha t  ses ton  may

no t  be  accep tab le  as  f ood  f o r  sand  c rabs .
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The  f rac t i on  o f  ov ige rous  fema les  has  been  repo r ted  to  dec rease

mono ton i ca l l y  w i th  dec reas ing  tempera tu re  f rom abou t  250C to  110C

(Fusaro ,  I 980a) .  The  wa te r  was  ve ry  coo l  a t  Mor ro  Bay ,  where  med ium-

s i ze  fema les  were  no t  rep roduc t i ve ,  and  genera l l y  coo l  a t  s i t es  nea r

SONGS (Tab le  3 -1 ) ,  where  the  pe rcen tages  o f  med ium-s i ze  fe rna les  w i th

eggs  p lus  spen t  egg  cases  were  genera l l y  l ower .
2

For  t he  F "  ca tego ry ,  t he  reg ress ion  ana l yses  (R  =  0 .69  t o  0 .74 ,

Tab le  3 -5 )  i nd i ca ted  t ha t  ses ton  i n  t he  wa te r ,  f ood  i n  t he  sed imen t ,

wa te r  t empera tu re ,  sed imen t  s i ze  d i spe rs ion ,  and  pe rcen t  s i l t - c l ay  were

impor tan t  (Tab1e  3 -6 ) .  No  s i t e  had  an  excep t i ona l  i n f l uence  on  the

reg ress ion  re la t i onsh ips  and  the  mode ls  co r rec t l y  p red i c ted  the  egg

ca r r y i ng  cha rac te r i s t i c  nea r  SONGS fo r  a l l  s i ze  ca tego r i es  (Tab les  3 -7

and  3 -8 ) .  The re fo re ,  t hese  reg ress ions  i nd i ca te  t ha t  l owe r  pe rcen tages

o f  f ema les  w i th  eggs  were  found  a t  beach  s i t es  nea r  SONGS where  food

genera l l y  was  l ess ,  wa te r  was  coo le r ,  and  sed imen t  was  coa rse r  (F igu res

3 -2  and  3 -3 ;  Tab les  3 -1  and  3 -2 ) .  The  mu l t i p l e  r eg ress ion  run  on  s i t es

w i th in  15 .5  km o f  SONGS showed  a  t rend  i n  F .  w i th  d i s tance  f rom SONGS in

Ju I y  and  Augus t  (R2  =  . 60 ,  p  =  . 028 ,  n  =  16 ,  Pa r t  | 1a |  t 2  f o r  " d i s t ance "  =

.38 )  when  a l l  f ema les  rega rd less  o f  s i ze  we re  cons ide red .  Howeve r ,  t h i s

resu l t  appears  to  be  due  to  one  obse rva t i on :  15 .5  km N  in  Augus t  (no te

tha t  t he  pe rcen tages  o f  F "  were  s ign i f i can t l y  h ighe r  a t  15 .5  km N  in

Augus t  f o r  t he  med ium and  sma l l e r - s i ze  fema les ,  F igu res  3 -28b  and  3 -

28c ) .

Re la t i onsh ips  be tween  the  phys i ca l - chemica l  env i ronmen t  and  the

percen tage  o f  f  ema les  (a11  s i zes ,  >  13  r l n .  and  >  10  mm -  13  mm)  w i th

cases  (F r )  we re  examined  on l y  fo r  Augus t ;  
? "u .h  " . : a " {_ : y "V

f r o m S O N G S I a c k e d s u f f i c*i_e*n1_fr-q$_b-.C_qs o f _f Sqgl*e"p__ y f -! h
--< 2
mean ing fu l  compar i son  i n  Ju1y .  The  reg ress ion  ana l yses  (R  =  O .73  t o

3-29



T
I
I
t
I
I
t
I
T
T
I
I
t
I
t
I
t
t
I

0 .95 )  i nd i ca ted  tha t  f requen t  occu r rences  o f  spen t  egg  cases  were  mos t

s t rong ly  assoc ia ted  w i th  coa rse  sed imen ts ,  more  dense  cobb le  cove raBe ,

and  f ood  l eve l s  i nJu l y ,  amon thp r i o r  t o  samp l i ng  (Tab les  3 -5  and  3 -5 ) .

I n  t he  case  o f  t he  reg ress ion  o f  a l l  f ema les  ( r ega rd less  o f  s i ze )

w i th  spen t  egg  cases ,  two  i n f l uen t i a l  obse rva t i ons  were  de tec ted .

S i t es  6 .5  km S  and  0 .4  km N  had  s i gn i f i can t  Cook ' s  D  va lues  (Tab le  3 -7 ;

Tab Ie  3 -8  f o r  A .4  km N) .  When  bo th  i n f l uen t i a l  obse rva t i ons  we re

de le ted ,  a  r eg ress ion  w i t hou t  s i gn i f i can t  Cook ' s  D  va lues  was  ob ta i ned

(Tab le  3 -11 ) .  The  ad jus ted  equa t i on  d i f f e red  f r om the  o r i g i na l

p r imar i l y  i n  t he  magn i tude  o f  t he  reg ress ion  coe f f i c i en ts .  Examina t i on

o f  t he  reg ress ion  coe f f i c i en ts  when  the  i n f l uen t i a l  beach  s i t es  were

de le ted  one  a t  a  t ime  ind i ca ted  tha t  we igh ted  cobb le  cove rage  on  sand

accoun ted  fo r  t he  poo r  f i t  o f  0 .4  km N ,  and  we igh ted  cobb le  cove rage  on

sand ,  cobb le  on  sand  a t  s led  samp l ing  s i t es ,  and  sed imen t  ca rbon

accoun ted  f o r  t he  poo r  f i t  a t  6 .5  km S .

The  c lus te r  ana lys i s  o f  Augus t  (F igu re  3 -3 )  showed  tha t  coa rse

sed imen t  o r  h igh  cobb le  cove rage  cond i t i ons  o r  bo th  ex i s ted  a r  beach

s i tes  w i th in  12  km o f  SONGS,  where  the  pe rcen tages  o f  f ema les  w i th  spen t

egg  cases  were  h ighes t .  Th i s  sugges ts  a  pos i t i ve  re la t i onsh ip  be tween

coarse ,  cobb led  beach  subs t ra te  and  the  f requeney  o f  spen t  egg  cases .

-  The  food  concen t ra t i ons  i n  t he  wave  wash  i n  Ju1y ,  however ,  we re  modera te
i
I
I  t o  h i gh  a t  a lmos t  a l l  o f  t he  beaches  (Tab le  3 -3 ) .  The re fo re ,  t he
I
I
I  r e levance  o f  Ju l y  f ood  l eve l s  i n  d i s t i ngu i sh ing  beach  s i t es  i n  t e rms  o f
l l
, l

I  I  t ne  f requency  o f  f ema les  w i th  spen t  egg  cases  i n  Augus t  i s  d i f f i cu l t  t o
J I
I  t  unde rs tand .  : , \  \
I  r  ' t

\ ir r$'^ \ .,, ./
\ L\s "' \,, /,,,'\  " , lV ' , ,  ' , /\- )- ..,\*J-.'''/"'  \  . r \
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3  . 2 .3 .2  Spen t  Egg  Cases :  Egg  D i s rup t i on  o r  Rep roduc t i ve  Synch rony?

Wenner  (pe rs .  co rnm.  )  sugges ted  tha t  i n  a  no rma l  f ema le  popu la t i on

less  than  5% o f  t he  fema les  shou ld  have  spen t  egg  cases  a t  any  t ime .

Wenner  contends that  spent  egg cases are renoved (act ive ly  by the

fema le )  o r  s loughed  (du r ing  mo l t i r e )  f rom a  fema le  w i th in  2  days  a f te r  a

no rma l  ha t ch ing  o f  i t s  eggs .  Acco rd ing  t o  Fusa ro  (1980a ) ,  t he  ges ta t i on

per iod for  sand crab eggs can vary f rom 18 days at  25o C to 33 days at
0

18  C ,  t he re fo re ,  one  wou ld  expec t  a  pe r iod  o f  abou t  30  days  a t

tempera tu res  usua l  t o  sou the rn  Ca l i f o rn ia .  Wenner ' s  es t ima te  o f  5%

spen t  f ema les ,  based  on  abou t  a  30  day  ges ta t i onpe r i od  ( i . e . ,  30  days  x

5% spen t  f ema les  =  1 .5  days  o f  spen t  f ema les ) ,  assumes  t ha t  f ema les  a re

unsynch ron ized  i n  the  ha tch ing  o f  t he i r  eggs .

Acco rd ing  to  Wenner ' s  hypo thes i s ,  a  f rac t i on  o f  spen t  f ema les  i n  a

popu la t i on  h ighe r  t han  5% wou ld  i nd i ca te  tha t  spen t  egg  cases  were  be ing

re ta ined  fo r  l onge r  than  2  days .  Wenner  (L982  )  sugges ted  tha t  t he  h igh

percen tages  o f  spen t  f ema les  a t  s i t es  w i th in  15 -20  km o f  SONGS in  1982

ind i ca ted  tha t  t he  eggs  had  p rematu re l y  rup tu red  w i th in  the  f i r s t  2

weeks  o f  ex t rus ion  and  the  spen t  egg  cases  rema ined  a t tached  to  the

fema les  f o r  t he  rema inde r  o f  t he  ges ta t i on  pe r i od  ( i . e . ,  app rox ima te l y

2 -3  weeks ) .  No  d i r ec t  ev i dence  o f  abo r t i on  was  no ted  by  Wenne r  ( 1982 ) .

The  occu r rence  o f  h igh  pe rcen tages  o f  f ema les  w i th  spen t  egg  cases

near  SONGS du r ing  the  1983  summer  rep roduc t i ve  season  ag rees  w i th  the

resu l t s  p resen ted  by  Wenne r  ( L982 )  f o r  t he  1980 -  I 982  seasons .

Acco rd ing  t o  Wenne r ' s  hypo thes i s ,  t he  1983  resu l t s  sugges t  d i s rup t i on

o f  egg  ma tu ra t i on  among  sand  c rab  popu la t i ons  i n  t he  v i c in i t y  o f  SONGS.

Even  i f  h ighe r  pe rcen tages  o f  f ema les  w i th  spen t  eggs  occu r red

near  SONGS,  the  apparen t  co r re la t i ons  be tween  them and  hab i ta t

va r i ab les  cau t i on  de l i be ra t i on  abou t  ass ign ing  t he  e f f ec t  d i r ec t l y  t o
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SONGS.  Whe the r  t he  ma tu ra t i on  o f  eggs  was  d i s rup ted  o r  no t  i s  s t i I 1

open  to  ques t i on .  We d id  fou r  k inds  o f  add i t i ona l  ana lyses  wh ich  bea r

on  th i s  ques t i on .  These  ana lyses  i nc luded  c lu t ch  s i ze  examina t i ons  o f

recen t l y  ex t ruded  egg  masses ,  abb rev ia ted  su rveys  o f  f ema le  b reed ing

cond i t i on  toward  the  end  o f  t he  rep roduc t i ve  season ,  examina t i on  o f

ges ta t i on  cyc les  o f  ex te rna l  eggs ,  and  oogenes is  cyc les  o f  i n te rna l

eggs  t
, t . , t 4  o

0;d , Q-94 vd^^^<
I  r r ^  V V  t ^ ^d''{tro..

3 .2 .3 .2 .  1  C lu t ch  S i ze

C I u t c h  s i z e  ( e g g  m a s s  v o l u m e  d i v i d e d  b y  m e a n  i n d i v i d u a l  e g g

v o l u m e )  w a s  d e t e r m i n e d  f o r  f e m a l e s  w i t h  r e c e n t l y  e x t r u d e d  ( b r i g h t -

o r a n g e )  e g g s .  M e a n e g g  v o l u m e  w a s  f o u n d  t o  b e  u n r e l a t e d  t o  f e m a l e  s i z e ,

bu t  l a rge r  f ema les  t ended  t o  ca r r y  mo re  eggs  (Append i x  D ,  sec t i on  D .3 ) .

The re fo re ,  1og  o f  t he  c lu t ch  s i ze  was  compared  among  beach  s i t es  by

ana l ys i s  o f  cova r i ance  (Soka1  and  Roh1 f ,  1981 ;  SAS ,  L982 ) ,  whe re in  t he

s i ze  o f  t he  c rabs  was  a  cova r ia te .  Seve ra l  beach  s i t es  had  fewer  than

ten  f ema les  f o r  t he  s ta t i s t i ca l  compar i sons .  Fo r  t h i s  r eason ,  t he  s i t es

were  comb ined  i n  th ree  g roups :  "no r th "  o f  SONGS (100  and  115  km N) ,

"nea r "  SoNGS ( *  tZ  km) ,  and  " sou th "  o f  S0NGS (18  km S  t o  65  km S ) .

Ana lyses  o f  cova r iance  showed  tha t  c lu t ch  s i zes  were  no t

s i gn i f i can t l y  d i f f e ren t  ( p  >  0 .85 )  among  beach  s i t es  i nJune  (F igu re  3 -

32 ) ,  bu t  t hey  d i f f e red  s i gn i f i can t l y  i n  Ju l y  and  Augus t  ( p  <  0 .001 ) .

SNK ana lyses  showed  tha t  c lu t ches  were  sma l l e r  w i th in  12  km o f  SONGS and

a t  100  kmN and  115  km N  in  Ju l y  (F igu re  3 -33 )  and  w i th in  12  km o f  SONGS

in  Augus t  (F i gu re  3 -34 ) .

T h e  d i f f e r e n c e s i n  c l u t c h  s i z e  a m o n g  b e a c h  s i t e s  a p p e a r e d  t o

c a s e s  i n  t h e  c l u t c h e s  o f  b r i g h t - o r a n g e  e g g s  ( s e e

D . 3 )  r a t h e r  t h a n  d i f f e r e n c e s  i n  t h e  v o l u m e  o f

resu l t  f r om spen t  egg

Append i x  D ,  sec t i on
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ind iv idual  developing eggs or  the number of  eggs (note that  the vo lume

o f  egg  masses  d id  no t  s ign i f i can t l y  d i f f e r  among  beach  s i t es  i n  June) .

0f  the examined egg masses,  647"  f rom the "near"  group ,  387"  f rom the

"nor th"  group,  and only  2" / "  f rom the "south"  group had spent  egg cases

(Tab le  3 -LZ) .  To  con t ro l  f o r  some o f  t he  b ias  assoc ia ted  w i th  compar ing

egg  masses  w i th  d i f f e ren t  amoun ts  o f  spen t  egg  cases ,  c lu t ches  w i th

seve ra l  spen t  egg  cases  ( spen t  egg  cases  as  numerous  as  eggs )  were  no t

i nc l uded  i n  t he  ana l ys i s  o f  c l u t ch  s i ze .  Even  w i t h  t h i s  r es t r i c t i on ,

L9% o f  t he  c lu t ches  f rom the  "no r th "  s i t es  and  57% o f  t he  c lu t ches  f rom

the  "nea r "  s i t es  had  some spen t  egg  cases .  A  con t i ngency  ana lys i s  us ing

Ch i - square  showed  tha t  t he  occu r rence  o f  t he  spen t  cond i t i on  was  no t

i ndependen t  o f  beach  g roups  (Append ix  D ,  sec t i on  D .  3  )  .

Whe the r  o r  no t  c lu t ches  compr i sed  en t i re l y  o f  spen t  egg  cases

resu l ted  f rom egg  ha tch ing ,  abo r t i on ,  o r  bo th  was  no t  answered  by  these

ana lyses .  However ,  t he  resu l t s  i nd i ca te  tha t  a  ce r ta in  amoun t  o f  egg

d is rup t i on  occu r red  among  v iab le  eggs  o f  f ema les  f rom beach  s i t es  nea r

and  no r th  o f  SONGS.  The  spen t  egg  cases  were  cons ide red  to  be  ev idence

o f  d i s rup t i on  ra the r  t han  un fe r t i l i zed  eggs  because  i t  has  been

observed  tha t  un fe r t i l i zed  eggs  rema in  i n tac t  and  b r i gh t -o range  un t i l

s l oughed  (Cox  and  Dud ley ,  1958 ) .

No  pa ras i tes  were  found  i n  examina t i ons  made  to  see  whe the r  g ross

ex te rna l  pa ras i tes  were  assoc ia ted  w i th  the  spen t  egg  cases  i n  t he  new ly

ex t ruded  egg  masses  .  The re fo re ,  t he  re la t i onsh ips  be tween  the

phys i ca l - chemica l  env i ronmen ts  o f  t he  beach  s i t es  and  c lu t ch  s i zes  were

examined  fo r  Ju l y  and  Augus t  t o  asce r ta in  wha t  f ac to rs  m igh t  con t r i bu te

to  the  reduced  number  o f  v iab le  eggs .  The  reg ress ion  mode l  had  an  R '  o f

0 .75  w i t h  5  va r i ab les  (Tab le  3 -5 ) .  The re  we re  no  undu l y  i n f l uen t i a l

beach  s i t es  i n  t hemode l  ( t ab le  3 -7 )  and  c l u t ch  s i zes  we re  p red i c ted  as
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we l l  a t  beach  s i t es  w i t h i n  1 .5  km o f  SONGS as  a t  o the r  beach  s i t es  ( t ab le

3 -8 ) .  The  mode l  i nd i ca tes  tha t  t he  i nc idence  o f  spen t  egg  cases  i n

c l u t ches  o f  deve lop ing  eggs  i nc reases  a t  beach  s i t es  w i t h  s teep  s l opes ,

co3!19- l99 iments,  and extensive cobble coverage.  This  ; ; ; "  .n t .  
"

f ac to r  such  as  mechan ica l  s t ress  mav  i n f l uence  the  i nc idence  o f

rup tu red  egg  cases  among  recen t l y  ex t ruded  egg  masses .  However ,  i t

shou ld  be  emphas j - zed  tha t  a  causa l  re la t i onsh ip  has  no t  been

es tab  I i shed  .

3  . 2 .3  . 2 .2  Add i t i ona l  Abb rev ia ted  Su rveys

To  ex tend  the  beach  obse rva t i ons  o f  t he  rep roduc t i ve  cond i t i on  o f

fema le  sand  c rabs  th rough  the  rep roduc t i ve  season ,  abb rev ia ted  su rveys

dur ing  wh ich  on l y  sand  c rabs  were  samp led  a t  a  l im i ted  number  o f  s i t es

we re  conduc ted  f r om l a te  Augus t  i n t o  Oc tobe r  ( see  sec t i on  2 .1 .3 .2 ) .  The

resu l t s  f rom these  abb rev ia ted  su rveys  were  rne rged  w i th  resu l t s  o f  t he

fu l1  sca le  su rveys  and  the  comb ined  da ta  were  reana lysed  (Tab le  3 -12 ) .

The  f rac t i ons  o f  f ema les  ca r ry ing  c lu t ches  compr i sed  en t i re l y  o f  spen t

egg  cases  were  compu ted  as  ra t i os  o f  spen t  f ema les  to  to ta l  numbers  o f

fema les  co l l ec ted ,  a t  each  beach  s i t e ,  ra the r  t han  as  means  o f  t he

f rac t i ons  found  i n  the  beach  rep l i ca tes  (as  p rev ious l y  t es ted  by  ANOVA

and  SNK,  sec t i on  3 .2 .3 .1 ) .

Th i s  compar i son  showed  tha t ,  a t  one  t ime  o r  ano the r ,  more  than  5%

of  the  fema les  had  spen t  egg  cases  a t  a l l  beach  s i t es ,  and  tha t  h ighe r

pe rcen tages  oecu r red  ma in l y  i n  Augus t  and  Sep tember .  Un l i ke  the  fu11

sca le  summer  su rvey  compar i sons  (Sec t i on  3 .2 .3 .1 ) ,  t he  l a te  season

compar i sons  showed  tha t  h igh  f rac t i ons  o f  spen t  f ema les  were  no t

res t r i c t ed  t o  s i t es  w i t h i n  12  km o f  SONGS.  Ven i ce  Beach  (115  km N)  and

Hermosa  Beach  (100  km N)  had  some pe rcen tages  even  h ighe r  t han  beach

s i tes  nea r  SONGS in  l a te  Augus t  and  i n  Sep tember .

'^ry'

3-34



I
T
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
T
t

The  la te  season  obse rva t i ons  cou ld  i nd i ca te  tha t  t he re  i s  no

funct ional  re la t ionship between spent  females and hunan- induced

per tu rba t i ons  because  beach  s i t es  w i th in  12  k rn  o f  SONGS were  w i th in  the

range  o f  va r i a t i on  o f  no r the rn  beach  s i t es .  On  the  o the r  hand ,  t he

cons i - s ten t l y  1ow f rac t i ons  o f  spen t  f ema les  a t  t he  sou the rn  beach  s i t es

(18  km S-65  km S)  cou ld  be  taken  as  ev idence  tha t  t hey  were  unper tu rbed

wh i l e  fema les  were  pe r tu rbed  a t  t he  SONGS and  Los  Ange les  a rea  beach

s i t es .  The  l a te  season  obse rva t i ons  a l so  cou ld  be  i n te rp re ted  as

ind i ca t i ng  l onger  than  no rma l  re ten t i on  o f  spen t  egg  cases  toward  the

end  o f  t he  ma in  rep roduc t i ve  season .  The  unce r ta in  and  con t rove rs ia l

imp l i ca t i ons  o f  h igh  f rac t i ons  o f  spen t  egg  cases  ca l l  f o r  t he

in teg ra t i on  o f  f i e l d  popu la t i on  obse rva t i ons  w i th  sand  c rab

rep roduc t i ve  b io logy .  The re fo re ,  w€  fu r the r  i nves t i ga ted  these

a l te rna t i ves  by  examin ing  ges ta t i on  and  oogenes is  cyc les  i n  sand  c rabs .

3  . 2 . 3 . 2 . 3  G e s t a t i o n  C y c l e s

A quas i -s imu l taneous ha tch  among normal  females  hav ing  about  the

s a m e  p h a s e  a n d  p e r i o d  i n  t h e  b r e e d i n g  c y c l e  c o u l d  a p p e a r  i n  f i e l d

s a m p l e s  a s  a  h i g h  f r a c t i o n  o f  s p e n t  f e m a l e s  i f  t h e  s a m p l i n g  c o i n c i d e d

w i t h  t h e  h a t c h i n g  e v e n t .  W e n n e r  ( L 9 8 2 )  c o n s i d e r e d  t h e  p o s s i b i l i t y  o f

r e p r o d u c t i v e  s y n c h r o n y  a s  a n  e x p l a n a t i o n  f o r  h i g h  f r a c t i o n s  o f  s p e n t

f e m a l e s ,  b u t  d i s m i s s e d  i t  b e c a u s e  o f  t h e  r e s u l t s  o f  a  l a b o r a t o r y

e x p e r i m e n t .  A b o u t  o n e - t h i r d  o f  a  c o l l e c t i o n  o f  l i v e  s p e n t  f e m a l e s  ( f r o m

6 . 5  k m  N  i n  L 9 8 2 )  p r o d u c e d  n e w  b a t c h e s  o f  e g g s  i n  D r .  l d e n n e r ' s

l a b o r a t o r y  a f t e r  a  2 - 3  w e e k  p e r i o d ,  w h e r e a s  o n l y  5 %  o f  s i m i l a r  s i z e

f e m a l e s  i n  t h e  f i e l d  p o p u l a t i o n  p r o d u c e d  n e w  b a t c h e s  o f  e g g s  d u r i n g  t h e

i n t e r i m .  R a t h e r  t h a n  s h o w  t h a t  s p e n t  e g g  c a s e s  r e p r e s e n t e d  e g g

d i s r u p t i o n ,  t h e  l a b o r a t o r y  e x p e r i m e n t  s h o w e d  t h a t  a f t e r  a t  l e a s t  a  t w o
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week  pe r iod ,  f ema les  f rom the  same popu la t i on  were  ab le  to  p roduce  a

h ighe r  pe rcen tage  o f  eggs  under  l abo ra to ry  cond i t i ons  us ing  seawa te r

f rom San ta  Barba ra  than  they  were  ab le  to  p roduce  under  f i e ld  cond i t i ons

near  San Clernente.  In format ion was not  presented by Wenner  that  permi ts

eva lua t i on  o f  whe the r  t he  d i f f e rence  i n  rep roduc t i ve  ou tpu t  cou ld  have

been  re l a ted  t o  t he  cond i t i ons  o f  t he  expe r imen t  ( . . 9 . ,  f ood ) .

Sand  c rabs ,  pa r t i cu la r l y  l a rge  ones ,  may  p roduce  seve ra l  ba tches

o f  eggs  pe r  rep roduc t i ve  season  (Cox  and  Dud ley ,  1968) .  The  pe rcen tages

o f  f ema les  w i th  eggs  i n  t he  d i f f e ren t  s tages  o f  ma tu ra t i on  can  be

p red ic ted  i n  a  non -synch ronous  popu la t i on  i f  t he  du ra t i on  o f  se lec ted

deve lopmen ta l  s tages  and  to ta l  ges ta t i on  t ime  a re  known .  The  deg ree  o f

dev ia t i on  f rom the  p red i c ted  pe rcen tages  p rov ides  i nd i rec t  ev idence  fo r

o r  aga ins t  rep roduc t i ve  synch rony .

The  ges ta t i on  cyc le  o f  sand  c rabs  i s  i ncomp le te l y  documen ted .

Acco rd ing  t o  Fusa ro  (1980a ) ,  t he  ges ta t i on  pe r i od  f o r  Emer i t a  ana loga

eggs  can  va ry  f rom 18  days  a t  250C to  33  days  a t  180C.  The re fo re ,  a

pe r iod  o f  abou t  30  days  seems  l i ke l y  a t  t he  wave  wash  tempera tu res
0

( a b o u t  1 8 - 2 0  C )  o b s e r v e d  d u r i n g  t h e  1 9 8 3  r e p r o d u c t i v e  s e a s o n  ( T a b l e  3 -

f ) .  A f t e r  b e i n g  f e r t i l i z e d ,  t h e  d e v e l o p i n g  e g g s  p a s s  t h r o u g h  t h r e e

v i s u a l l y - i d e n t i f i a b l e  s t a g e s  ( s e e  s e c t i o n  2 . 2 . 2 ) :  b r i g h t - o r a n g e ,

b u r n t - o r a n g e  ( e y e  p i g m e n t  v i s i b l e ) ,  a n d  g r e y  ( d e v e l o p e d  e m b r y o

v i s i b l e ) .  T h e  d u r a t i o n  o f  t h e s e  s t a g e s  h a s  n o t  b e e n  d e t e r m i n e d  f o r

E m e r i t a .  D e t e r m i n a t i o n s  f o r  t w o  g e n e r a  o f  t h e  s a m e  t a x o n o m i c  t r i b e  a s

E m e r i t a  - - B l e p h a r i p o d a  a n d  L e p i d o p a  - -  i n d i c a t e  t h a t  t h e  b r i g h t - o r a n g e

e g g  s t a g e  l a s t s  f o r  a b o u t  t w o - t h i r d s  o f  t h e  g e s t a t i o n  p e r i o d  ( M .

K n i g h t ' k ,  p e r s  .  c o m m .  )  .

: ' '  M .  K n i g h t ,  c r u s t a c e a n
S a n  D i e g o .

b i o l o g i s t ,  S c r i p p s
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We have  used  th i s  two - th i rds  va lue  as  the  bes t  es t ima te  o f  t he

re la t i ve  du ra t i on  o f  t he  b r i gh t -o range  egg  s tage  i n  Emer i t a .  To  accoun t

fo r  t he  rema in ing  one - th i rd  o f  t he  ges ta t i on  cyc le  we  have  ass igned  20%

o f  t he  cyc le  t o  t hebu rn t -o range  s tage ,  8% to  t he  g rey  s tage ,  and  (a f t e r

Wenner )  5% to  the  spen t  egg  case  s tage .

The  f rac t i ons  o f  f ema les  w i th  eggs  i n  t he  d i f f e ren t  s tages  o f

deve lopmen t  were  compu ted  as  ra t i os  based  on  the  to ta l  number  o f  f ema les

w i t h  c l u t ches  o f  eggs  o r  spen t  egg  cases  co l l ec ted  du r i ng  t he  1983  f u11 -

sca le  summer  su rveys  ( tab1e  3 -14 ) .  The  pe rcen tages  o f  f ema les  w i th  eggs

in  the  d i f f e ren t  s tages  o f  deve lopmen t  ( i nc lud ing  spen t  egg  cases )  were

examined separate ly  for  females > 13 mm and for  females > l0  mm to 13 mm

for  each survey.  Supplementary tab les that  summar ize the reproduct ive

cond i t i on  o f  a l l  f ema les  (>  13  mm and  >  10  mm to  13  mm)  co l l ec ted  a t  each

beach  s i t e  du r ing  each  su rvey  a re  p resen ted  i n  Append ix  F ,  Tab les  F -2

and  F -3 .

The  pe rcen tages  o f  f ema les  w i th  eggs  i n  d i f f e ren t  s tages  o f

deve lopmen t  were  then  compared  w i th  the  theo re t i ca l  du ra t i on  o f  each

deve lopmen ta l  s tage .  The  f i e ld  da ta  sugges t  t ha t  synch rony  d i f f e red

be tween  s i t es  bu t  was  common in  1983 .  When  one  cons ide rs  on l y  t he

b reed ing -s ta te  f ema les  (bea r i ng  eggs  o r  spen t  egg  cases ) ,  t he  f r ac t i ons

w i th in  each  o f  t he  rep roduc t i ve  ca tego r ies  were  somet imes  l a rge r  and

somet imes  sma l l e r  t han  wou ld  be  expec ted  i f  an  unper tu rbed  s ta te  o f  non -

synch rony  ex i s ted .  On ly  a t  Oceans ide  Beach  (25  km S)  i n  Augus t ,  f o r

fema les  l a rge r  t han  13  mm,  was  the  d i s t r i bu t i on  o f  s tages  pa r t i cu la r l y

c l ose  t o  t he  t heo re t i ca l  d i s t r i bu t i on  (Tab1e  3 -14 ) .  Fema les  a t  t he

sou the rn  beach  s i t es  genera l l y  had  h ighe r  f rac t i ons  o f  ea r l i e r  s tage

eggs .  Nor the rn  beaches  were  m ixed .  Beach  s i t es  w i th in  L2  km o f  SONGS

had  h ighe r  f rac t i ons  o f  f ema les  w i th  spen t  egg  cases .

J - J /
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3 .2 .3 .2 .4  H i s to l og i ca l  Exam ina t i ons  o f  Ova r i es

I t  has been repor ted that  the ovar ian cyc le is  l inked wi th  the

ges ta t i on  cyc le  o f  ex te rna l  eggs  i n  some c rus taceans  tha t  p roduce  more

than  one  c l u t ch  o f  eggs  pe r  season  (Hae fne r !  L977 ;  E .  Wenne r ,  L979 ) ,  I t

was  though t  t ha t  i f  t h i s  was  a l so  t rue  fo r  sand  c rabs ,  t hen  i t  m igh t  be

poss ib le  to  shed  l i gh t  on  the  con t rove rs ia l  obse rva t i ons  o f  h igh

f requenc ies  o f  f ema les  bea r ing  spen t  egg  cases  i n  t he  v i c in i t y  o f  San

Ono f re .  I t  was  hypo thes i zed  tha t  i f  t he  spen t  cond i t i on  was  a  no rma l

pa r t  o f  t he  ges ta t i on  cyc le  o f  ex te rna l  eggs ,  t hen  the  deve lopmen t  o f

the  ova ry  du r ing  th i s  pe r iod  shou ld  be  d i s t i nc t  f rom tha t  seen  du r ing

o the r  s tages  o f  t he  ges ta t i on  cyc le .  On  the  o the r  hand ,  i f  t he

deve lopmen t  o f  t he  ova r ies  o f  f ema les  w i th  spen t  egg  cases  was  s im i l a r

to  tha t  o f  f ema les  w i th  deve lop ing  ex te rna l  eggs ,  t hen  th i s  wou ld

i nd i ca te  e i t he r  d i s rup t i on  o f  egg  ma tu ra t i on  o r  poss ib l y  d i s rup t i on  o f

t he  ova r i an  cyc Ie .

Fema le  sand  c rabs  w i th  ex te rna l  eggs  i n  d i f f e ren t  s tages  o f

deve lopmen t  and  w i th  spen t  egg  cases  were  se lec ted ,  when  ava i l ab le

(p r ima r i l y  Augus t ) ,  f r om beach  s i t es  nea r  SONGS (0 .4  km N)  and  t o  t he

nor th  (100  km N)  and  sou th  (25  km S  and  45  km S) .  These  beach  s i t es

se rved  as  mode ls  fo r  examin ing  the  re la t i onsh ips  be tween  the

deve lopmen ta l  s tages  o f  t he  ex te rna l  eggs  and  the  i n te rna l  oogenes is

cyc le .  The  ova r ies  o f  add i t i ona l  f ema les  w i th  spen t  egg  cases  f rom the

Augus t  su rvey  were  examined  f rom beach  s i t es  w i th in  12  km o f  SONGS.  I t

was  assumed  tha t  t he  re la t i onsh ip  be tween  the  ova r ian  and  ges ta t i on

cyc les  a t  t hose  s i t es  wou ld  be  s i r n i l a r  t o  t ha t  a t  t he  s i t e  0 .4  km N .  The

me thods  f o r  se lec t i ng  t he  spec imens  a re  desc r i bed  i n  Sec t i on  2 .2 .3  and  a

fu11  desc r i p t i on  o f  t he  l abo ra to r y  i nves t i ga t i on  pe r f o rmed  by  D r .

S teven  Go ldbe rg  i s  g i ven  i n  Append ix  H .
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Ovar ian  deve lopment  w i th in  a  reproduc t ive  female  sand c rab  is

s y n c h r o n o u s  i n  t h a t  o n l y  o n e  g r o u p  o f  o o c y t e s  u n d e r g o e s  y o l k  d e p o s i t i o n

( v i t e l l o g e n e s i s )  a t  a  g i v e n  t i m e .  A m o n g  f e r n a l e s  t h a t  a r e  i n  t h e  p r o c e s s

o f  p r o d u c i n g  a n o t h e r  b a t c h  o f  e g g s ,  v i t e l l o g e n e s i s  i s  l i n k e d  v r i t h  t h e

d e v e l o p m e n t a l  s t a g e  o f  t h e  e x t e r n a l  e g g s  ( T a b l e  3 - 1 5 ) .  T h e  o v a r i e s  a r e

u n d e v e l o p e d  w i t h  e i t h e r  r e s t i n g  o r  e a r l y  v i t e l l o g e n i c  o o c y t e s  i n

f e m a l e s  w i t h  b r i g h t - o r a n g e  ( i m m a t u r e )  e x t e r n a l  e g g s ,  w h e r e a s  o v a r i e s

a r e  e n l a r g e d  a n d  c o n t a i n  m a t u r e ,  y o l k - f i 1 l e d  o o c y t e s  i n  f e m a l e s  b e a r i n g

s p e n t  e g g  c a s e s .  T h i s  c o n f i r m s  t h a t  s p e n t  e g g  c a s e s  o c c u r  n o r m a l l y  a t

t h e  e n d  o f  c o m p l e t e d  b r o o d i n g  c y c l e s .  A t  t h e  e n d  o f  t h e  r e p r o d u c t i v e

s e a s o n ,  t h e  o v a r i a n  c y c l e  i s  c o m p l e t e d  a n d  t h e r e  i s  n o  l o n g e r  a

re la t ionsh ip  be tween the  appearance o f  the  ovary  and the  deve lopment  o f

t h e  f e m a l e ' s  f i n a l  b a t c h  o f  e x t e r n a l  e g g s .  T h e  o v a r i e s  a r e  i n a c t i v e ,

a n d  r e s e m b l e  t h o s e  f o u n d  i n  f e m a l e s  w i t h  n e w l y  e x t r u d e d  b r i g h t - o r a n g e

e g g s .

W h e t h e r  t h e  h i g h  p e r c e n t a g e s  o f  f e m a l e s  w i t h  s p e n t  e g g  c a s e s

o b s e r v e d  a t  b e a c h  s i t e s  w i t h i n  1 2  k m  o f  S O N G S  i n  A u g u s t  a n d  a t  1 0 0  k m  N

i n  S e p t e m b e r  r e p r e s e n t e d  n o r m a l l y  h a t c h e d  o r  d i s r u p t e d  e g g  m a t u r a t i o n

w a s  n o t  d e f i n i t e l y  s e t t l e d  b y  t h e  o v a r i a n  a n a l y s e s .  T h e  a b i l i t y  t o

a d d r e s s  t h e  i m p o r t  o f  h i g h  p e r c e n t a g e s  o f  f e m a l e s  w i t h  s p e n t  e g g  c a s e s

h i n g e d  o n  t w o  r e q u i r e m e n t s :  r e p e a t e d  e g g  p r o d u c t i o n  a n d  e x a m i n a t i o n  o f

s u f f i c i e n t  n u m b e r s  o f  f e m a l e s  w i t h  e x t e r n a l  e g g s  i n  d i f f e r e n t  s t a g e s  o f

d e v e l o p m e n t  f o r  c o m p a r i s o n  w i t h  o o g e n e s i s .  A l t h o u g h  t h e s e  r e q u i r e m e n t s

w e r e  m e t  f o r  t h e  s o u t h e r n  b e a c h  s i t e s  ( O c e a n s i d e  B e a c h  a n d  M o o n l i g h t

B e a c h ;  d e s i g n a t e d  a s  O C E A  a n d  M O O N ,  r e s p e c t i v e l y ,  i n  T a b L e  2 ,  A p p e n d i x

H ) ,  o n e  o r  b o t h  o f  t h e s e  r e q u i r e m e n t s  w e r e  n o t  m e t  f o r  t h e  s i t e s  n e a r  a n d

n o r t h o f  S O N G S .  O f  t h e  b e a c h  s i t e s  n e a r  S O N G S ,  o n l y  0 . 4  k m  N  h a d  e n o u g h

f e m a l e s  i n  A u g u s t  w i t h  e x t e r n a l  e g g s  i n  d i f f e r e n t  s t a g e s  o f  d e v e l o p m e n t

3-39



t
I
I
T
t
I
T
I
I
I
I
t
T
I
I
I
I
T
I

f o r  compar i son  w i t h  oogenes i s ,  bu t  mos t  o f  t hese  f ema les ,  r ega rd less  o f

s tage ,  had  i nac t i ve  ova r ies .  Su f f i c i en t  numbers  o f  f ema les  w i th

ex te rna l  eggs  i n  d i f f e ren t  s tages  o f  deve lopmen t  were  no t  ava i l ab le

f r om o the r  s i t es  nea r  SONGS.  o r  i n  t he  case  o f  0 .4  km N .  f r om o the r

su rveys .

A t  t he  no r the rn  s i t e ,  100  km N  (des igna ted  as  HERM in  Tab le  2 ,

Append i x  H ) ,  i t  was  poss ib l e  t o  es tab l i sh  t ha t  v i t e l l ogenes i s  was

l i nked  w i th  the  ma tu ra t i on  s tage  o f  ex te rna l  eggs  and  spen t  egg  cases  i n

Augus t .  However ,  on l y  t h ree  fema les  w i th  spen t  egg  cases  were  ava i l ab le

in  tha t  mon th  fo r  h i s to log i ca l  ana lys i s .  Add i t i ona l  f ema les  w i th  spen t

egg  cases  were  examined  f rom Sep tember  (des igna ted  as  8304  HERM in  Tab le

2 ,  Append ix  H)  ,  bu t  t hey  had  i nac t i ve  ova r ies .

The  ova r ian  cond i t i on  ( i nac t i ve  ova r ies )  o f  f ema les  w i th  spen t  egg

cases  f rom Hermosa  Beach  (100  km N)  i n  Sep tember  and  s i t es  nea r  SONGS in

Augus t  was  i n te rp re ted  by  Go ldbe rg  (Append ix  H)  as  an  i nd i ca t i on  o f  t he

end of  the reproduct ive season rather  than abnormal  terminat ion of  the

rep roduc t i ve  cyc le .  Th i s  i n te rp re ta t i on  was  based  on  seve ra l  reasons .

None  o f  t he  spec imens ,  i nc lud ing  spen t  f ema les  f rom near  SONGS,  showed

phys i ca l  s i gns  o f  t rauma,  no r  abnorma l  a t res ia  ( spon taneous  b reakdown

o f  oocyc tes  )  .  The  p resence  o f  f ood  i n  the  s tomachs  and  feca l  ma t te r  i n

the  i n tes t i nes  i nd i ca ted  tha t  t hey  had  been  feed ing  and  d iges t i ng  fooc .

The  apparen t  good  hea l th  o f  t he  fema les  and  the  l ow  inc idence  o f  a t res ia

in  the ovar ies impl ies that  they had not  exper ienced recent  abrupt

env i ronmen ta l  s t ress  (Co ldbe rg ,  Append ix  H) .

In  the  case  o f  f ema les  f rom Hermosa  Beach ,  i t  can  be  a rgued  tha t

the  h igh  pe reen tages  o f  f ema les  w i th  spen t  egg  cases  i n  Sep tember

rep resen ted  fema les  a t  t he  end  o f  t he  b rood ing  cyc le .  Mos t  f ema les  were

ca r ry ing  b r i gh t -o range  (new1y  ex t ruded)  
"gg  

masses  i n  Augus t .  The  37
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day in terva l  between sampl ing at  Hermosa Beach in  August  and September

i s  on l y  a  few  days  l onger  than  the  es t ima ted  ges ta t i on  pe r iod  ( ca .  30

days )  f o r  ex te rna l  eggs .  Because  no rma l  v i t e l l ogenes i s  o f  oocy tes  was

l i nked  w i th  the  ma tu ra t i on  cye le  o f  ex te rna l  eggs  i n  Augus t ,  t he

rep roduc t i ve  cyc le  o f  f ema les  appeared  no rma l  i n  Augus t .  The  ova r ies  o f

spen t  f ema les  i n  Sep tember  d id  no t  i nd i ca te  tha t  p r i o r  v i t e l l ogene t i c

cyc les  had  been  d i s rup ted  s ince  the re  was  a  l ow  inc idence  o f  a t re t i c

oocy tes .  These  resu l t s  t aken  toge the r  sugges t  t ha t  t he  h igh  pe rcen tage

o f  f ema les  w i th  spen t  egg  cases  a t  Hermosa  Beach  i n  Sep tember  reached

tha t  cond i t i on  th rough  no rma l  ma tu ra t i on  o f  t he i r  ex te rna l  eggs .

Simi lar  arguments cannot  be made for  the h igh percentages of

fema les  w i th  spen t  egg  cases  a t  beach  s i t es  nea r  SONGS.  A l though  the

ovar ies of  spent  and egg carry ing females appeared normal ,  wi thout  a

c lear  l ink between in ternal  and external  development  of  the eggs any

statement  regard ing the fa te of  the external  eggs f rom when they were

ex t ruded  to  when  they  became spen t  wou ld  be  en t i re l y  specu la t i ve .

The  h i s to log i ca l  ana lys i s  d id  no t  f u l1y  answer  the  ques t i on  abou t

h igh  pe rcen tages  o f  spen t  f ema les ,  bu t  i t  d id  p rov ide  ev idence  o f  a

t rend  i n  the  va r iab i l i t y  o f  rep roduc t i ve  ac t i v i t y .  The  beach  s i t es

d i f f e red  i n  t he  pe rcen tage  o f  rep roduc t i ve  fema les  tha t  were  p roduc ing

yo lk - i nves ted  ova  (and  p resumab ly  ano the r  ba tch  o f  eggs )  i n  Augus t .

Among  spen t  f ema les  a t  s i t es  w i th in  LZ  km o f  SONGS,  the  con t i nu i t y  o f

b rood ing  was  cons ide rab l y  l ess  than  a t  s i t es  fa r the r  no r th  and  sou th .  0 f

t he  s i t es  w i t h i n  12  km o f  SONGS,  t he  pe rcen tages  o f  spen t  ( c l u t ches  o f

r e s u l t s  o f  e x a m i n i n g  a  f e w  f e m a l e s  f r o m  s i t e s  w i t h i n  1 . 5  k m  o f  S O N G S  i n

J u 1 y ,  i n d i c a t e d  t h a t  m o s t  r e p r o d u c t i v e  f e m a l e s  p r o d u c e d  o n l y  o n e  c l u t c h

s p e n t  e g g  c a s e s )  f e m a l e s  w i t h  d e v e l o p e d  o v a r i e s  d e c r e a s e d  w i t h

p rox im i t y  t o  SONGS (F igu re  3 -35 ) .  Th i s  i n f o rma t i on ,  t oge the r  w i t h  t he
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o f  eggs  a t  s i t es  w i th in  L2  km o f  SONGS,  whereas  fema les  e l sewhere

p roduced  two  o r  more  c lu t ches .

A l though  the  fema les  were  se lec ted  fo r  t he  h i s to log i ca l  ana lys i s

f r om a  res t r i c t ed  s i ze  range  (ma in l y  8 -13  mm) ,  d i f f e rences  among  s i t es

in  the  t ime  o f  i n i t i a l  r ec ru i tmen t  t o  the  beach  popu la t i ons  may  have

a f fec ted  the  resu l t s .  I t  appeared  tha t  sand  c rabs  genera l l y  rec ru i t ed

la te r  a t  s i t es  w i th in  12  km o f  SONGS than  a t  s i t es  fa r the r  no r th  o r

sou th .  I t  i s  poss ib le  tha t  t he  de lay  i n  rec ru i tmen t  cou ld  have  reduced

the  amoun t  o f  t ime  the  fema les  a t  t hese  beach  s i t es  had  to  s to re  the

energy  rese rves  necessa ry  fo r  rep roduc t i on .

The  re la t i onsh ip  be tween  the  phys i ca l - chemica l  env i ronmen ts  o f

the  beach  s i t es  and  the  pe rcen tages  o f  spen t  f ema les  p roduc ing  ano the r

ba tch  o f  i n te rna l  eggs  was  examined  fo r  Augus t  1983 .  On ly  fema les

be tween  8  and  13  mm were  i nc luded  i n  the  ana lys i s .  Because  on l y  3  spen t

fema les  o f  t h i s  s i ze  were  co l l ec ted  i n  Augus t  a t  He rmosa  Beach ,  t ha t

s i t e  was  exc luded  f rom the  ana lys i s .  The  reg ress ion  mode1 ,  wh ich  had  an
2

R o f  0 .95  w i t h  two  va r i ab les ,  sugges ted  t ha t  f ema les  t ended  t o  p roduce

fewer  egg  masses  a t  beach  s i t es  w i th  coa rse r  sed imen ts  and  l ower  food
zrl-z-

l e ve1s  i n  t he  wa te r  (Tab les  3 -5  and  3 -6 ) .  No  s i t es  had  excess i ve
,-'- -.''\.t *+---\-- *-.-.'-

i n f l u e n c e  o n  t h e  r e l a t i o n s h i p s  ( T a b 1 e  3 - 7 )  a n d  t h e  p e r c e n t a g e s  o f

f e m a l e s  p r o d u c i n g  a n o t h e r  c l u t c h  w e r e  p r e d i c t e d  a s  w e l l  a t  s i t e s  n e a r

S O N G S  a s  a t  o t h e r  s i t e s  ( T a b l e  3 - 8 ) .  H o w e v e r ,  t h e  r e g r e s s i o n a n a l y s i s  o n

d a t a  f r o m  s i t e s  w i t h i n  1 5 . 5  k r n  o f  S O N G S  i n d i c a t e d  t h a t  d i s t a n c e  f r o m

S o N G S  w a s  a  b e t t e r  p r e d i c t o r  t h a n  s e d i m e n t  c o a r s e n e s s  o f  t h e  p e r c e n t a g e

o f  f e m a l e s  i n  t h e  s p e n t  c o n d i t i o n  w h i c h  w e r e  p r o d u c i n g  a  n e w  b a t c h  o f

i n t e r n a l  e g g s .  T h i s  c o n f i r m e d  t h e  e a r l i e r  o b s e r v a t i o n  b a s e d  o n  F i g u r e

3-3s
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3 .2 .3 .2 .5  Conc lus i ons  Rega rd ing  Spen t  Egg  Cases

In  summary ,  i t  was  no t  poss ib le  to  a r r i ve  a t  an  unequ ivoca l

conc lus ion  rega rd ing  the  cause (s )  o f  t he  obse rved  h ighe r  t han  expec ted

p ropor t i ons  o f  f ema les  w i th  spen t  egg  cases .  These  h igh  p ropo r t i ons

cou ld  have  resu l ted  f rom d i s rup t i on  o f  t he  no rma l  egg  ma tu ra t i on  cyc le

(abo r t i on ) ,  o !  f r om no rma l  end -o f - season  phenomena  (synch rony  and /o r

p ro l onged  re ten t i on  o f  spen t  egg  cases ) .  Eva lua t i on  o f  c l u t ches  o f

deve lop ing  eggs  sugges ted  tha t  abo r t i on  d id  occu r  t o  some ex ten t  a t

beach  s i t es  nea r  and  no r t h  o f  SONGS (  sec t i on  3  . 2  . 3  . 2 .L ) ,  wh i l e

es t ima t i on  o f  ges ta t i on  cyc les  ( sec t i on  3 .2 .3 .2 .3 )  and  h i s t o l og i ca l

exam ina t i on  o f  ova r i es  ( sec t i on  3 .2 .3 .2 .4 )  sugges ted  t ha t  synch rony

occu r red  as  we l1 .  However ,  t he  poss ib i l i t y  o f  ex tended  re ten t i on  o f

spen t  egg  cases  a t  t he  end  o f  t he  rep roduc t i ve  season  ( sec t i on

3 .2 .3 .2 .2 )  cou ld  no t  be  c l ea r l y  sepa ra ted  f r om end -o f  - season  synch rony .

A l though  we  have  ev idence  s t rong ly  sugges t i ve  o f  t he  ex i s tence  o f

a t  l eas t  two  o f  t he  mechan isms  fo r  p roduc ing  h igh  p ropo r t i ons  o f  f ema les

w i th  spen t  egg  cases ,  w€  canno t  eva lua te  the i r  re la t i ve  con t r i bu t i ons

to  the  obse rved  pe rcen tages .  Th i s  i s  because  ou r  samp l ing  f requency  d id

no t  a l l ow  us  to  mee t  t he  necessa ry  c r i t e r i a  o f  samp l ing  repea ted  egg

produc t i on  cyc les  and  co l l ec t i ng  adequa te  numbers  o f  f e rna les  w i th  eggs

in  d i f f e ren t  s tages  o f  deve lopmen t  du r ing  each  o f  t hese  cyc les .  Fu r the l

work  i s  needed  be fo re  de f i n i t i ve  s ta temen ts  rega rd ing  the  cause (s )  
"4 j

h igh  pe rcen tages  o f  spen t  f ema les  i n  popu la t i ons  nea r  SONGS can  be  * .a . . l f
1,

3 .2 .4  Gene t i c  S tud ies  o f  Sand  C rabs

The  popu la t i on  gene t i cs  o f  Emer i t a  ana loga  co l l ec ted  du r ing  the

Augus t  1983  su rvey  were  examined  by  Dr .  R i cha rd  Beckw i t t  o f  Occ iden ta l

Co l l ege  (Append ix  G) .  The re  was  no  obv ious  geograph ic  d i f f e rence  among
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samp les  o f  Emer i t a ,  and  the re  was  no  ev idence  o f  regu la r  o r  c l i na l

va r ia t i on  a t  any  enzyme 1ocus .

S a n d  c r a b s  f r o m  b e a c h  s i t e s  n e a r  S O N G S  d i f f e r e d  f r o m  t h o s e

c o l l e c t e d  f r o m  s e v e r a l  o f  t h e  o t h e r  s i t e s  i n  t h e  a c t i v i t y  o f  t w o

i m p o r t a n t  m e t a b o l i c  e n z y m e s .  S a m p l e s  f r o m  s i t e s  w i t h i n  1 5 . 5  k m  o f  S O N G S

a n d  f r o m  C a b r i l l o  B e a c h  ( 7 9  k m  N )  s t a i n e d  p o o r l y  f o r  p h o s p h o g l u c o m u t a s e

a n d  g l u c o s e p h o p h a t e  i s o m e r a s e  r e l a t i v e  t o  t h o s e  f r o m  s i t e s  f a r t h e r

s o u t h  o r  n o r t h .  T h e s e  e n z y m e s  a r e  e l e m e n t a l  i n  t h e  m e t a b o l i s m  o f

g l u c o s e  o r  g l y c o g e n  ( B e c k w i t t ,  p e r s .  c o m m .  ) .

D r .  B e c k w i t t  o f f e r e d  t w o  a l t e r n a t i v e  e x p l a n a t i o n s  f o r  t h e  o b s e r v e d

l o w e r e d  e n z y m e  a c t i v i t y .  F i r s t ,  a n  a l t e r a t i o n  i n  t h e  c o n t r o l  o f  e n z y m e

p r o d u c t i o n  m i g h t  b e  c a u s e d  b y  a  g e n e t i c  ( o r  u n k n o w n )  f a c t o r  a t  s o m e

b e a c h  s i t e s .  S e c o n d ,  e n z y m e  a c t i v i t y  c o u l d  b e  m o d i f i e d  b y  a  p o l l u t a n t .

H e a v y  m e t a l s  w e r e  s u g g e s t e d  a s  o n e  p o s s i b i l i t y  b e c a u s e  t h e  e n z y m e s  h a v e

a  m e t a l  ( M n )  c o f a c t o r .

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  p h y s i c a l - c h e m i c a l  e n v i r o n m e n t  o f  t h e

b e a c h  s i t e s  a n d  p h o s p h o g l u c o m u t a s e ,  w h o s e  r e s u l t s  w e r e  e m p h a s l z e d

Beckw i t t  ( 1983) ,  was  i nves t i ga ted  by  mu l t i p le  reg ress ion  ang* {s i - s . The

that

*t't'

w
Ii$"

1

mode l  (R  =  0 .82  w i t h  3  va r i ab les .  Tab l :5 and 3 -,3f suggested

food  in  the  sed iment  and the  gra in  d i fspers i n  the  sed iment  were

co r re la ted  w i th  phosphog lucomutase i v i t y .  N o  s i t e s  h a d

e x t r a o r d i n a r y  i n f l u e n c e  i n  t h e  m o d e l  ( T a b l e  3 - 7 ) ,  w h i c h  p r e d i c t e d  t h e

P G M  a t  s i t e s  n e a r  S O N G S  a s  w e l l  a s  a t  s i t e s  f a r t h e r  a w a y  ( f a b l e  3 - 1 0 ) .

C o m p a r i s o n  o f  t h e  e n z y m e  a c t i v i t y  w i t h  r e s u l t s  o f  t h e  c l u s t e r

a n a l y s i s  f o r A u g u s t  ( F i g u r e  3 - 3 )  s h o w e d  t h a t  b e a c h  s i t e s  w i t h  1 o w  e n z y m e

a c t i v i t y  g e n e r a l l y  h a d  l e s s  f o o d  i n  t h e  s e d i m e n t s ,  h i g h e r  g r a i n  s i z e

d i s p e r s i o n ,  a n d  c o a r s e r  s e d i m e n t s .  O n e  e x c e p t i o n ,  C a b r i l l o  B e a c h ,  h a d
-,+--

f i n e  s e d i m e n t s  w i t h  l o w  d i s p e r s i o n  a n d  a  h i g h  c o n c e n t r a t i o n  o f  f o o d  i n

Y\sr a- \$r\F:^- \ t-r)
-- \-++
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t he  sed imen t .  As  no ted  p rev ious l y ,  t he  che rn i ca l  and  b io log i ca l

measuremen ts  a t  Cabr i l l o  Beach  sugges ted  tha t  t he  s i t e  was  abe r ran t .

Some ques t i ons  have  been  ra i sed  (Wud l ,  pe rs .  comm. )  rega rd ing  the

l i ke l i hood  o f  e i t he r  o f  t he  a l t e rna t i ve  exp lana t i ons  fo r  d i f f e rences  i n

enzyme ac t i v i t y .  Wud l  sugges ted  tha t  such  va r ia t i on  cou ld  rep resen t

natura l  po lymorphism, and that  i t  was h igh ly  unl ike ly  that  both of  the

enzymes  wou ld  be  a f fec ted  by  geno tox i c  agen ts  i n  seve ra l  i nd i v idua ls  a t

once .  We fee l  t ha t  a  d ia log  be tween  Drs .  Wu ld  and  Beckw i t t  m igh t  reso l ve

the  d i f f e rences  i n  t he i r  i n t e rp re ta t i ons .

)

lP

/ ;

)

3 .2 .5  Ove ra l l  Favo rab leness  o f  Beach  S i t es  f o r  Sand  C rabs

The  ove ra l l  pos i t i on ing  o f  t he  beach  s i t es  i n  t e fms  o f  t he

b io log i ca l  va r i ab les  was  examined  by  a  semi -quan t i t a t i . ve  rank ing

p rocedure .  Beach  s i t es  were  ranked  fo r  a  number  o f  se lec ted  b io log i ca l

va r iab les  and  the  med ian  rank  was  used  to  summar i ze  ove ra l l  d i f f e rences

in  sand  c rab  popu la t i ons  among  beach  s i t es .  The  s i t e  450  km N  (Mor ro

Bay )  was  no t  i nc luded  i n  th i s  ana lys i s  because  sand  c rab  popu la t i ons

fundamen ta l l y  d i f f e red  f rom those  i n  sou the rn  Ca l i f o rn ia  i n  seve ra l

respec ts .  Mos t  no tab l y ,  sand  c rabs  were  genera l l y  l a rge r  and  on l y  the

la rges t  f ema les  were  rep roduc t i ve .

Represen ta t i ve  (non - redundan t  )  b io log i ca l  va r i ab les  were  se lec ted

f rom the  ca tego r ies  re la ted  to  abundance ,  s i ze ,  rep roduc t i on ,  and

gene t i cs .  The  se lec ted  va r iab les  were  requ i red  to  have  obse rva t i ons

fo r  a t  l eas t  B  o f  t he  15  beach  s i t es  w i t h4  o f  t hose  s i t es  w i t h i n  15 .5  km

o f  SONGS.  The  mean  va lues  o f  t he  se lec ted  va r i ab les  f o r  each  beach

si te ,  which were tested by ANOVA and SNK, were ranked j tn  order  of

magn i tude  acco rd ing  to  beach  s i t e  f rom 1  to  15 ,  w i th  15  rep rqsen t i ng  the

mos t  f avo rab le  rank .  Fo r  i ns tance ,  s ince  a  h igh  pe rcen tage  o f  f ema les
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wi th  eggs  was  cons ide red  favo rab le ,  t he  beach  s i t e  w i th  the  h ighes t

pe rcen tage  fo r  t he  su rvey  cons ide red  rece i ved  a  rank  o f  15 .  I n  t he  case

where  fewer  than  15  beach  s i t es  had  obse rva t i ons ,  t he  ranks  were

ad jus ted  to  a  common sca le  by  mu l t i p l y i ng  each  rank  by  l t he  fac to r

15 / (number  o f  obse rva t i ons ) .  F i na l l y ,  t he  med ian  ad jus tdd  rank  was

de te rm ined  fo r  each  beach  s i t e  as  a  measure  o f  ove ra l l  f avo ra ib leness  fo r

sand  c rabs .

Resu l t s  demons t ra ted  no  c lea r  t rend  i n  the  ove ra l l  r ank ing  o f

beach  s i t es  i n  t e rms  o f  sand  c rab  b i o l ogy  (Tab le  3 -16 ) .  Beach  s i t es

w i th in  1 .5  km o f  SONGS had  some o f  t he  l owes t  med ian  ranks ,  i nd i ca t i ng

tha t  t hese  s i t es  were  re la t i ve l y  un favo rab le  fo r  sand  c rabs ;  however ,

the  med ian  ranks  were  as  h igh  o r  h ighe r  t han  those  a t  s i t es  12  km N ,  15 .5

km N ,  and  79  km N  o f  SONGS.  S i t es  6 .5  km N  and  5 .5  km S  had  ranks  s im i l a r

to  those  a t  s i t es  115  km N  and  18  km S ,  i nd i ca t i ng  tha t  sand  c rab

popu la t i ons  f rom s i t es  nea res t  t he  P lan t  were  no t  un ique  i n  possess ing  a

fu11  su i t e  o f  nega t i ve  cha rac te r i s t i c s  ( as  measu red  i n  t h i s  s t udy ) .

However ,  t hese  resu l t s  do  no t  de t rac t  f rom those  desc r ibed

prev ious l y .  Ra the r  t hey  po in t  ou t  t ha t  sand  c rab  popu la t i ons  i n  t he

v i c in i t y  o f  SONGS d i f f e red  f rom o the r  popu la t i ons  i n  some respec ts  and

no t  i n  o the rs  du r ing  1983 .  The  ranks  ac ross  s i t es  re f l ec t  t he

in te rp re ta t i ons  o f  t he  SNK ana lyses  fo r  t he  b io log i ca l .  va r i ab les

iden t i f i ed  as  be ing  d i f f e ren t  a t  beach  s i t es  nea r  SONGS.  These

va r iab les ,  deno ted  by  as te r i sks  ( t  )  a f t e r  t he  ad jus tmen t  f ac to r  i n

Tab le  3 -16 ,  a re  re l a ted  p r ima r i l y  t o  r ep roduc t i on ,  as  no ted  ea r l i e r .

3 .3  Sand  C rab  Resu l t s  Re la t i ve  t o  Samp l i ng  Des ign

Resu l t s  o f  t he  sand  c rab  s tudy  were  examined  fo r  po ten t i a l  sou rces

o f  samp l ing  b ias  to  de te rm ine  whe the r  o r  no t  t o  add  a  cau t i ona ry  no te  to
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t he  i n te rp re ta t i on  o f  t he  da ta .  Th ree  p rob lem a reas  were  i den t i f i ed  and

inves t i ga ted .  F i r s t ,  i n  Ju l y  a  few  beach  s i t es  were  samp led  du r ing  a

d i f f e ren t  t i da l  cyc le  than  tha t  du r ing  wh ich  the  o the r  s i t es  were

samp led  ( see  sec t i on  2 . f . 3 .1 ) .  Second ,  s i t es  we re  samp led  du r i ng  t he

ebb  cyc le  o f  sp r i ng  t i des  i nJune ,  whereas  s i t es  were  samp led  du r ing  the

ebb  cyc le  o f  neap  t i des  i n  Ju l y  (excep t  where  no ted )  and  Augus t .

F ina l l y ,  t he  samp l ing  was  no t  f u l1y  s t ra t i f i ed  i nJune ,  bu t  was  changed

to  a  s t r a t i f i ed  des ign  i n  Ju l y  and  Augus t .

The re  was  no  obv ious  i nd i ca t i on  o f  b ias  be ing  i n t roduced  by

samp l ing  d i f f e ren t  t i da l  cyc les  i n  Ju1y .  I f  ex tens i ve  b ias  had

occu r red ,  one  wou ld  have  expec ted  to  see  a  g roup  compr i sed  o f  t he  beach

s i tes  samp led  on  the  same t i da l  cyc le  i n  t he  resu l t s  o f  t he  d i f f e ren t

b io log i ca l  va r i ab les  tes ted  by  ANOVA and  SNK.  Tha t  i s ,  a  SNK ana lys i s

wou ld  g roup  Ju l y  s i t es  1 .5  km N ,  0 .4  km N ,  1 .5  km S ,  6 .5  km S ,  25  km S ,

and 65 km S,  which were sampled dur ing the per iod when the s lack t ide

tu rned  toward  the  f l ood  cyc le .  I n  no  i ns tance  was  a  s ta t i s t i ca l l y

s ign i f i can t  SNK g roup ing  o f  t hese  s i t es  encoun te red  i n  Ju l y .

Fu r the rmore ,  s ta t i s t i ca l l y  s ign i f i can t  SNK g roup ings  o f  d i f f e ren t

comb ina t i ons  o f  t he  above -men t ioned  s i t es  were  no t  repo r ted  fo r  Ju l y

fo r  any  o f  t he  examined  va r iab les .

S im i la r l y ,  b ias  was  no t  ev iden t  i n  t he  resu l t s  t ha t  cou ld  be

a t t r i bu ted  to  samp l ing  du r ing  sp r ing  t i des  i n  June  bu t  samp l ing  neap

t ides  i n  Ju l y  and  Augus t .  A l t hough  d i f f e rences  were  obse rved  be tween

surveys ,  t hey  d id  no t  appear  to  be  the  resu l t  o f  samp l ing  b ias .  Fo r

ins tance ,  a t  mos t  beach  s i t es  more  fema les  became rep roduc t i ve  as  the

season  p rog ressed .  The  abundance  o f  sand  c rabs  i nc reased  ac ross

su rveys  a t  some s i t es ,  dec reased  a t  o the rs ,  and  rema ined  abou t  t he  same

a t  s t i l l  o t he rs .  I f  anyb ias  occu r red ,  we  suspec t  t ha t  i t  may  have  been

3-47



I
I
t
I
I
T
I
I
t
t
t
t
I
t
I
t
I
I
t

i n  underes t ima t ing  the  abundance  o f  sand  c rabs  a t  t heLaJo l l a  s i t e ,  65

km S,  in  June.  The t ide was ext remely h igh and the beach was submerged

mos t  o f  t he  n igh t .  When  the  t i de  f i na l l y  began  to  recede ,  i t  was  rap id .

I t  appeared that  the sand crabs were unable to  keep up wi th  the receding

t i de  and  became more  sp read  ou t  ac ross  the  i n te r t i da l  zone  than  usua l l y

obse rved .

No ev idence was found to ind icate a b ias due to  the random and

strat i f ied random sampl ing designs that  were used in  the June and

Ju ly /Augus t  su rveys ,  respec t i ve l y .  Th i s  was  p r imar i l y  because  da ta  was

ana lyzed  ac ross  beach  s i t es  w i th in  a  su rvey  and  no t  ac ross  su rveys .  A Iso

bo th  the  s t ra t i f i ed  and  non -s t ra t i f i ed  samp l ing  me thods  g i ve  unb iased

es t ima tes  o f  cen t ra l  t endency .  I t  shou ld  be  no ted  tha t  qua l i t a t i ve

compar i sons  be tween  su rveys  were  no t  se r i ous l y  a f fec ted  because  mos t

samp les  co l l ec ted  i n  June ,  by  random chance  o r  because  o f  t he

d is t r i bu t i on  o f  t he  sand  c rabs  on  the  beach ,  were  co l l ec ted  i n  s t ra ta

comparab le  t o  subsequen t  su rveys  ( see  beach  maps ,  F i gu res  3 -4  t o  3 -6 ) .

I n  conc lus ion ,  any  b iases  due  to  changes  i n  the  samp l ing  des ign

were  no t  subs tan t i a l .  Had  t hey  been  subs tan t i a l ,  t he  ab i l i t y  t o  de tec t

d i f f e rences  among  beach  s i t es  wou ld  have  been  reduced .  The re fo re ,

d i f f e rences  tha t  were  no ted  be tween  beach  s i t es  shou ld  be  cons ide red

rea l .

3 . 4  S a n d  C r a b s  a n d  E 1  N i n o

D u r i n g  t h e  1 9 8 3  s e a s o n  s a n d  c r a b s  e x p e r i e n c e d  a  h a b i t a t  v a r i a t i o n

b r o u g h t  o n  b y  t h e  E 1  N i n o  e v e n t .  T h r e e  e n v i r o n m e n t a l  e f f e c t s

a c c o m p a n i e d  t h e  e v e n t  ( s e c t i o n  3 . 1 ) :  b e a c h  s u b s t r a t e  s o r t i n g ,  e l e v a t e d

a m b i e n t  t e m p e r a t u r e !  a n d  r e d u c e d  p h y t o p l a n k t o n  p r o d u c t i o n .  V a r i a t i o n s

i n  s a n d  c r a b  p o p u l a t i o n  a t t r i b u t e s  a m o n g  b e a c h  s i t e s  i n  1 9 8 3  w e r e
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assoc ia ted  w i th  sand  g ra in  s i ze  and  cobb le  cove rsBe ,  t empera tu re ,  and

the  ava i l ab i l i t y  o f  app rop r i a te  f ood  ( sec t i on  3 .2 ) .  I t  i s  no t  known  to

wha t  ex ten t  t hese  sand  c rab  popu la t i on  a t t r i bu tes  and  beach  hab i ta t

va r iab les  were  a f fec ted  by  E1  N ino ,  bu t  specu la t i ons  a re  p resen ted  he re

based  on  known  env i ronmen ta l  and  b io log i ca l  p rocesses .

Beach  s i t es  i n  t he  San  Ono f re  a rea  genera l l y  had  coa rse r  sed imen ts

and  s teeper  s lopes  than  o the r  s i t es  sa rnp led  i n  sou the rn  Ca l i f o rn ia  i n

1983 .  Th i s  coa rse  and  uns tab le  sed imen t  i s  p r imar i l y  na tu ra l  (Sheparo ,

1950 ) ;  howeve r ,  because  coa rse ,  s t eep  beaches  a re  phys i ca l l y  l ess

s tab le  than  f i ne r ,  f l a t t e r  beaches ,  t he  s to rms  accompan ing  E l  N ino

cou ld  have  caused  g rea te r  sho re  e ros ion ,  w i th  even  s teeper  beach  s lopes

and  coa rse r  g ra i n  s i ze  (Bascom,  1951 )  i n  t he  v i c i n i t y  o f  SONGS.  I t  i s

specu la ted  tha t  t h i s  coa rse r  and  cobb led  subs t ra te  i n  t he  San  Ono f re

a rea  cou ld  have  p rov ided  a  re la t i ve l y  un favo rab le  hab i ta t  f o r  sand

erabs .  0n  s teeper  and  eoa rse r  beaches  the  d i s tance  and  du ra t i on  o f  t he

wave  up rush -backwash  i s  l ess ,  pa r t l y  because  o f  s lope  geo rne t r y  and

Par t l y  because  o f  i nc reased  pe rco la t i on .  Th i s  cou ld  g i ve  sand  c rabs

less  t ime  to  f i l t e r  phy top lank ton  ou t  o f  t he  th in  l aye r  o f  swash  wa te r .

A Iso ,  ro l l i ng ,  sh i f t i ng  cobb les  cou ld  c rush  sand  c rabs  o r  keep  them

ag i t a ted .

G iven  su f f i c i en t  f ood ,  sand  c rab  g rowth  ra tes  and  rep roduc t i on

ra tes  can  bo th  i nc rease  w i th  i nc reased  tempera tu re  (Fusa ro  ,  L978 ,

I980a) .  The re  i s  some ev idence  tha t  each  o f  t hese  a l t e rna t i ves  was

expe r i enced ,  each  by  a  d i f f e ren t  beach  popu la t i ons  ( see  sec t i on

3 .2 .2 .L ) .  I n  t he  San  Ono f re  a rea ,  t he  wave  wash  zone  o f  beach  s i t es

genera l l y  had  coo le r  t empera tu res  and  l ess  po ten t i a l  f ood  fo r  sand

c rabs  than  o the r  s i t es  i n  sou the rn  Ca l i f o rn ia  i n  1983 .  Th i s  cou ld  have

accoun ted  fo r  t he  l ower  rep roduc t i ve  ou tpu t  o f  f ema les  w i th in  12  km o f

SONGS.
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Dud ley  (L967)  con tended  tha t  repea ted  b reed ing  i s  t he  usua l

cond i t i on  fo r  sand  c rabs .  Cox  and  Dud ley  (1958)  ca l cu la ted  tha t  ove r  a

7 month breeding season ind iv idual  fernales could brood between f ive and

s i x  success i ve  c lu t ches  o f  eggs .  I n  suppor t  o f  t h i s ,  t hey  repo r ted  h igh

f requenc ies  o f  b rood ing  fema les  (607" -90%)  th rough  the  1967  season  a t  La

Jo l l a .  Conve rse l y ,  t hey  repo r ted  a lmos t  no  b reed ing  a t  t he  same s i t e

du r i ng  t he  same  season  o f  t he  yea r  be fo re .  The  yea r  be fo re ,  L966 ,  was  an

E I  N ino  pe r i od ,  a l t hough  l ess  i n tense  t han  t he  1982 -1983  even t .

I n  con t ras t  t o  t he  l ong ,  re la t i ve l y  con t i nuous  b reed ing  obse rved

by  Dud ley  i n  L967 ,  t he  1983  sand  c rab  b reed ing  season  was  sho r t  and

somewha t  spo rad ic .  The  p r i nc ipa l  b reed ing  ac t i v i t y  i n  1983  spanned

abou t  two  mon ths  (Augus t -Sep tember ) ,  wh ich  may  have  been  re la ted  to

food  ava i l ab i l i t y .  Food  concen t ra t i ons  were  genera l l y  h ighe r  i n  Ju l y

than  i n  June  and  much  lower  i n  Augus t  (Tab le  3 -3 ) .  B reed ing  ac t i v i t y  was

ma in l y  by  fema les  smaI l  enough  to  be  i n  t he i r  ac t i ve  g rowth  phase .  The

lower  f requency  o f  b reed ing  i n  1983  cou ld  have  occu r red  because  the

sma l le r  f ema les  cou ld  a f fo rd  on l y  l im i ted  d i ve rs ion  o f  t he i r  ene rgy

s to res  to  egg  p roduc t i on  and  yo l k  i nves tmen t .  A t  s i t es  nea r  SONGS,  a

delay in  recru i tment  may have decreased the amount  of  t ime for  s tor ing

energy  rese rves ,  t hus  con t r i bu t i ng  to  a  l ower  rep roduc t i ve  ou tpu t  by

fema les  w i th in  12  km o f  SONGS.

3 . 5  S a n d  C r a b  S t u d i e s  R e l a t i v e  t o  S O N G S  O p e r a t i o n

T h e r e  w e r e  n o  p e r t i n e n t  p r e - S O N G S  o b s e r v a t i o n s  m a d e  o n  s a n d  c r a b s

a t  S a n  O n o f r e  t o  c o m p a r e  w i t h  o b s e r v a t i o n s  m a d e  d u r i n g  P l a n t  o p e r a t i o n .

T h e r e f o r e ,  t h e  a l t e r n a t i v e  h a s  b e e n  t o  e v a l u a t e  p o s s i b l e  S O N G S  e f f e c t s

b y  c o m p a r i n g  s i t e s  a t  v a r y i n g  d i s t a n c e s  f r o m  S O N G S ,  a n d  w h e n  p o s s i b l e ,

t o  l o o k  f o r  d i f f e r e n c e s  t h a t  m i g h t  b e  a s s o c i a t e d  w i t h  S O N G S  o p e r a t i o n .
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I n fo rma t ion  i s  no t  ava j - l ab le  to  add ress  po ten t i a l  e f f ec ts  on  sand  c rab

beach  popu la t i ons  f rom in take  l osses  o f  l a rvae .  A l so  the  po ten t i a l  f o r

con tamina t i on  o f  beach  hab i ta t s  by  me ta l s  d i scha rged  du r ing  ope ra t i on

o f  Un i t  I  p resen t l y  canno t  be  add ressed .  The  po ten t i a l  f o r  SONGS

ef fec ts  has  been  inves t i ga ted  he re  by  examin ing  the  resu l t s  o f  t he  pas t

and  p resen t  s tud ies  re la t i ve  to  d i f f e ren t  l eve l s  o f  SONGS pump ing

opera t i ons .  I n  add i t i on ,  specu la t i ons  rega rd ing  the  po ten t i a l  f o r

SONGS in f l uence  on  fac to rs  i den t i f i ed  as  be ing  impor tan t  i n  t he

mu l t i p le  reg ress ions  pe r fo rmed  on  1983  da ta  a re  p resen ted .

The pre-  1983 sand crab s tudies inc luded few concurrent

obse rva t i ons  f rom s i t es  nea r  SONGS and  a t  va ry ing  d i s tances  f rom SONGS.

A l though  some b road  pa t te rns  o f  sand  c rab  popu la t i on  a t t r i bu tes

re l a t i ve  t o  SONGS were  sugges ted  by  t he  p rev ious  s tud ies  (e .g . ,  Wenne r ,

L982 ,  Tab le  10 ) ,  i n te rp re ta t i on  i s  hampered  by  the  d i s junc t

d i s t r i bu t i on  o f  samp l ing  s i t es  and  d i sco rdan t  t im ing  o f  t he  va r ious

obse rva t  i ons  .

Pas t  compar i sons  be tween  sand  c rab  popu la t i on  a t t r i bu tes  a t

d i f f e ren t  l eve1s  o f  SONGS opera t i on  have  been  incomp le te  because

de ta i l ed  coo l i ng  wa te r  c i r cu la t i on  da ta  were  no t  ava i l ab le .  Recen t

in fo rma t ion  shows  tha t  SONGS c i r cu la t i ng  wa te r  vo lumes  have  f l uc tua ted

marked ly  and  e r ra t i ca l l y  s ince  sand  c rab  s tud ies  were  i n i t i a ted  i n  L976

(F igu re  3 -36 ) .  To  t he  de t r imen t  o f  sand  c rab  popu la t i on  compar i sons ,

t he re  we re  no  comparab le  b l ocks  o f  e i t he r  f u11 - t ime  ope ra t i on  o r  f u11 -

t ime  shu t  down  tha t  occu r red  w i th  su i tab le  seasona l  t im ing  and

du ra t i on .

P rev ious  MRC s tud ies  (euyong ,  198 I ;  Wenner ,  L982)  repo r ted  tha t

Ia rge r -mode  ma les  and  egg -bear ing  fema les  were  sma l l e r  a t  d i s tances  up

to  1 .5  km no r th  o f  t he  P lan t  re la t i ve  to  s i t es  fa r the r  away  o r  t o  the
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sou th  i n  1977  and  1981 ,  bu t  no t  i n  1980 .  I n  1983  t he  s i ze  d i s t r i bu t i ons

of  sand crabs were s imi lar  to  those repor ted by Auyong for  the L977

season .  Wenner  (1982)  imp l i ed  tha t  t he  d i f f e rences  be tween  the  p re -1983

years  were  a t t r i bu tab le  to  the  P lan t  hav ing  been  on - l i ne  i n  L977 ,

i nopera t i ve  i n  1980 ,  and  semi -ope ra t i ona l  i n  1981 .  These  f i nd ings  need

to  be  examined  w i th  respec t  t o  SONGS c i r cu la t i ng  wa te r  vo lumes .

A t  f u l I  capac i t y ,  SONGS (a11  t h ree  un i t s )  can  c i r cu la te  abou t  127
3 8 3

m /sec ,  o r  abou t  3 .3  x  10  m  /mon th  (SCE,  1981 ;  f r om Tab le  L -2 ) .  To

fac i l i t a te  compar i sons ,  t he  SONGS c i r cu la t i ng  wa te r  vo lumes  fo r

Pa r t i cu l a r  pe r i ods  we re  exp ressed  as  f r ac t i ons  o f  t h i s  f u11  capac i t y .

Fo r  t he  f i ve  yea rs  du r ing  wh ich  sand  c rabs  were  samp led  i n  MRC s tud ies ,

the f lows and number of  Uni ts  operat ing var ied.  The SONGS f lows

re la t i ve  to  fu11  capac i t y  measured  du r ing  the  p r i nc ipa l  sand  c rab

season  (Ap r i l  -  Augus t  )  and  number  o f  Un i t s  ope ra t i ng  were  as  fo l l ows

( tab1e  3 -17 ) :  T977  -0 .16  (un i t  l ) ,  1980 -0 .06  (Un i t  1 ) ,  1981 -0 .14  (un i t s

l  and  2 ) ,  L982 -0 .27  (Un i t s  1 ,  2 ,  and  3 ) ,  and  1983 -0 .54  (Un i t s  1 ,2 ,  and

3 ) .

fn  l i gh t  o f  t hese  da ta ,  sand  c rab  s i ze  d id  co inc ide  w i th  P lan t

ope ra t i on  p r i o r  t o  1983 .  Howeve r ,  s im i l a r  sand  c rab  s i ze  a t t r i bu tes

were  seen  i n  1977  and  1983  !  even  though  the  1977  wa te r  c i r cu la t i on  was

on l y  one - th i r d  o f  t he  1983  c i r cu la t i on .  Thus ,  oo  c l ea r  r e l a t i onsh ip

be tween  sand  c rab  s i ze  and  vo lume o f  wa te r  c i r cu la ted  th rough  the  P lan t

i s  demons t ra ted .  On  the  expanded  geograph ic  samp l ing  sca le  o f  1983 ,  i t

was  apparen t  t ha t  sand  c rab  s i ze  a t  beach  s i t es  nea r  SONGS were  w i th in

the  va r ia t i on  found  e l sewhere  i n  sou the rn  Ca l i f o rn ia .

Because  f l ows  f rom Un i t s  2  and  3  a re  d i rec ted  o f f sho re  and  non -

co r ros i ve  me ta l s  ( t i t an ium)  we re  i ns ta l l ed  i n  t he  c i r cu la t i ng  sys tem o f

these  Un i t s ,  a  compar i son  o f  t he  f l ows  o f  Un i t  I  be tween  yea rs  may  be
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more  app rop r ia te  fo r  examin ing  the  po ten t i a l  f o r  P lan t  re la ted  e f fec ts .

The  f l ow  f rom Un i t  I  i s  no t  d i rec ted  o f f sho re  and  me ta l s  ( copper /n i cke l )

sub jec t  t o  co r fos ion  a re  i n  t he  c i r cu la t i ng  sys tem.  The  SONGS f l ows
7 3

re la t i ve  to  Un i t  1  f u l1  capac i t y  (abou t  5 .5  x  10  m /mon th )  measured

du r i ng  Ap r i l  -  Augus t  we re  as  f o l l ows  (Tab le  3 -16 ) :  L977 -0 .95 ,  1980 -

0 .36 ,  1981 -0 .56 ,  T982 -0 .19 ,  1983 -0 .29 .  Based  on  t hese  f l ows ,  t he re  i s

no  c lea r  re la t i onsh ip  be tween  sand  c rab  s i ze  and  Un i t  I  ope ra t i on

be tween  yea rs .  S im i l a r l y ,  t he re  i s  no  c lea r  re la t i onsh ip  be tween  the

vo lume o f  wa te r  c i r cu la ted ,  a t  a  pa r t i cu la r  t ime ,  and  the  occu r rence  o f

h igh  pe rcen tages  o f  f ema les  w i th  spen t  egg  cases ,  wh ich  have  been

repo r ted  s i nce  1980 .

The  l ack  o f  a  c lea r  re la t i onsh ip  be tween  spec i f i c  a t t r i bu tes  o f

sand  c rab  popu la t i ons  and  the  ac tua l  vo lumes  o f  wa te r  c i r cu la ted

th rough  the  P lan t  does  no t  imp ly  tha t  d i f f e rences  i n  beach  popu la t i ons

o f  sand  c rabs  a re  no t  re la ted  to  SONGS opera t i on .  I t  on l y  po in t s  ou t

tha t  d i f f e rences  be tween  yea rs  i n  sand  c rab  popu la t i ons  d id  no t

i nc rease  o r  dec rease  on  the  same sca le  as  the  va ry ing  c i r cu la t i ng

vo lumes  o f  seawa te r .  Po ten t i a l  e f f ee t s  f r om me ta l l i c  po l l u t an t s

d i spe rsed  i n te rm i t t en t l y  f rom Un i t  I  have  no t  been  ru led  ou t  by  th i s

ana l ys i s .

D i f f e rences  be tween  sand  c rab  popu la t i ons  re la t i ve  to  the  San

Ono f re  a rea  p r imar i l y  conce rned  fema le  rep roduc t i on  i n  1983 .  The

mu l t i p l e  r eg ress ion  ana l yses  sugges ted  t ha t ,  i n  gene ra l ,  l e sse r

rep roduc t i ve  po ten t i a l  cou ld  be  accoun ted  fo r  by  fac to rs  such  as  l a te r

rec ru i tmen t ,  coa rse  beach  subs t ra te ,  coo le r  t empe ra tu res ,  l ess  f ood ,

and  more  ses ton .  The  i den t i f i ed  hab i ta t  va r i ab les ,  i n  t u rn ,  were

assoc ia ted  w i t h  beach  s i t es  nea r  San  Ono f re .  Some  o f  t hese  hab i t a t

va r ia t i ons  a re  na tu ra l ,  and  some may  be  re la ted  to  SONGS cons t ruc t i on  o r
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opera t i on .  The  coa rse r  sed imen t  a t  beach  s i t es  w i th in  15 .5  km o f  SONGS

is pr imar i ly  natura l  and was ident i f ied as such before SONGS Uni t  1  was

bu i l t  (Shepard ,  1950) .  However ,  t he re  i s  some ev idence  tha t  beach

sediment  composi t ion in  the immediate v ic in i ty  o f  SONGS has been

a l t e red  by  SONGS cons t ruc t i on  ac t i v i t i e s  (ECO-M,  1984 ) .

The  assoc ia t i on  o f  l ess  b reed ing  ac t i v i t y  w i th  coo le r  t empera tu res

i s  cons i s ten t  w i th  the  f i nd ings  o f  Fusa ro  (1980a) ,  who  ind i ca ted  tha t

the  p ropo r t i on  o f  b reed ing  fema les  i n  t he  popu la t i on  and  egg

deve lopmen t  t ime  a re  i n f l uenced  by  tempera tu re .  He  a l so  sugges ted  tha t

th is  in  turn may have an ef fect  on the number of  c lu tches of  eggs

p roduced  pe r  f ema le  pe r  rep roduc t i ve  season .  The  obse rva t i on  o f

genera l l y  coo le r  t empera tu res  i n  t he  v i c in i t y  o f  SONGS re la t i ve  to

o the r  s i t es  (excep t  Cabr i l l o  Beach )  su rveyed  i n  sou the rn  Ca l i f o rn ia  was

unexpec ted .  Tempera tu re  anoma l ies ,  pa r t i cu la r l y  l owered  tempera tu res ,

a re  no t  p red i c ted  f rom SONGS opera t i on .  I t  i s  more  l i ke l y  t ha t  t he

lowered  tempera tu res  i n  t he  v i c in i t y  o f  SONGS resu l ted  e i t he r  f rom a

pe rs i s t ence  o f  l oca l i zed  upwe l l i ng  o r  i n t r us i on  o f  co lde r  o f f sho re

wa te rs  i n t o  t he  nea rsho re  a rea  (ECO-M,  1984 ) .

The  assoc ia t i on  o f  g rea te r  b reed ing  ac t i v i t y  w i th  s i t es  hav ing

more  ch lo rophy l l - phaeop igmen ts  and  l ess  ses ton  sugges ts  tha t  ses ton  may

no t  be  accep tab le  as  food  and  cou ld  poss ib l y  reduce  the  feed ing

e f f i c i ency  o f  sand  c rabs .  When  ope ra t i ng ,  SONGS d i scha rge  wa te r  i s

expec ted  to  con ta in  i nc reased  ses ton  compr i sed  i n  pa r t  by  f i ne -g ra ined

ino rgan ic  pa r t i c l es  and  i n  pa r t  by  o rgan ic  de t r i t us .  The  d i scha rge  f rom

Un i t  I  can  m ix  i n to  the  su r f  zone .  bu t  t he  d i scha rges  o f  Un i t s  2  and  3

a re  expec ted  to  be  d i rec ted  o f f sho re  by  the  d i f f use r  sys tems  and

the re fo re  w i l l  no t  1 i ke l y  impac t  t he  beach .  The  sugges t i on  tha t  ses ton

i s  a  nega t i ve  i n f l uence  i s  cons i s ten t ,  i n  pa r t ,  w i t h  t ha t  made  by  S iege l
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and  Wenner  ( f 984 ) ,  who  con tend

SONGS opera t i on  may ,  s ing l y

a f fec t  sand  c rab  rep roduc t i on .

t h a t  i n c r e a s e d

o r  i n  c o n c e r t

t u rb id i t y  as  a  resu l t  o f

w i t h  ano the r  f ac to r ( s ) ,
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4.0 SUMMARY AND CONCLUSIONS

Var i ab les  assoc ia ted  w i t h  abundances ,  s i ze  d i s t r i bu t i ons ,  f ema le

rep roduc t i on ,  and  gene t i . s l  o f  sand  c rab  (E rne r i t a  ana loga )  popu la t i ons

d i f f e red  among  the  f i f t een  beach  s i t es  su rveyed  i n  sou the rn  Ca l i f o rn ia

in  1983 .  When  a l l  measured  va r iab les  were  cons ide red  toge the r ,  t he re

was  no  ove ra l l  t r end  i n  sand  c rab  b io logy  re la t i ve  to  SONGS.  However ,

fo r  seve ra l  o f  t he  va r iab les  cons ide red  i nd i v idua l l y ,  sand  c rab

popu la t i ons  f rom beach  s i t es  i n  t he  San  Ono f re  a rea ,  somet imes  up  to  12 -

15 .5  km away  f rom the  P lan t ,  d id  d i f f e r  f rom o the r  s i t es  fa r the r  away .

The  l a rges t  d i f f e rences  conce rned  sand  c rab  rep roduc t i on .  I nd i v idua l

va r i ab les  a re  d i scussed  be low .

4 . 1  A b u n d a n c e

The abundances  o f  ma le  and female  sand c rabs  were  genera l l y  lower

a t  b e a c h  s i t e s  w i t h i n  L 2  k m  o f  S O N G S  i n  J u n e  r e l a t i v e  t o  o t h e r  s i t e s .

T h i s  a p p e a r e d  t o  b e  t h e  r e s u l t  o f  b o t h  a  d e l a y  i n  r e c r u i t m e n t  o f  y o u n g

f r o m  t h e  p l a n k t o n  a n d  a  d e l a y  i n  c o l o n i z a t i o n  b y  j u v e n i l e s  a n d  a d u l t s

f r o m  t h e  s u b t i d a l  z o n e  t o  t h e  a d j a c e n t  i n t e r t i d a l  p o p u l a t i o n s .  I n  J u l y

a n d  A u g u s t ,  t h e  a b u n d a n c e s  o f  m a l e s  a r i d  f e m a l e s  a t  s i t e s  w i t h i n  1 2  k m  o f

SONGS were  w i th in  the  var ia t ion  found e lsewhere .  The apparent  de lay  in

r e c r u i t m e n t  a n d  c o l o n i z a t i o n  o f  s a n d  c r a b s  t o  b e a c h  s i t e s  w i t h i n  1 2  k m

o f  S O N G S  w a s  n o t  s t r o n g l y  r e l a t e d  t o  t h e  p h y s i c a l  c h a r a c t e r  o f  t h e

h a b i t a t s .  H o w e v e r ,  r e c r u i t m e n t  a n d  c o l o n i z a t i o n  t e n d e d  t o  o c c u r  l a t e r

a t  b e a c h  s i t e s  w i t h  c o a r s e  s e d i m e n t s ,  s t e e p  b e a c h  s l o p e s ,  h i g h e r

p e r c e n t a g e s  o f  c o b b l e  o n  t h e  s a n d ,  l o w e r  t e m p e r a t u r e s ,  a n d  p o o r

p o t e n t i a l  f o o d  c o n c e n t r a t i o n s  i n  t h e  s e d i m e n t s .

I

Th is  was  an  anc i l l a r y  s tudy  pe r fo rmed  ou ts ide  the  d i rec t  ausp ices  o f
the  MRC.  I t  i s  summar i zed  i n  the  tex t ,  and  the  fu11  resu l t s  a re  g i ven
in  Append ix  G .
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4 .2  s i ze

Measuremen ts  assoc ia ted  w i th  the  s i zes  o f  ma les  and  rep roduc t i ve

fema les  va r ied  among  beach  s i t es  w i th  no  pa r t i cu la r  re la t i onsh ip  to

those  s i t es  nea r  SONGS.  Th is  was  a l so  t rue  when  the  s i ze  o f  f ema les

in i t i a t i ng  rep roduc t i on  (m in imum s i ze  mode  o f  b rood ing  fema les )  as  we l l

as  the  s i ze  o f  ove rw in te red  i nd i v idua ls  ( f ema les  >  13  mm)  were

cons ide red .  However ,  a l t hough  s i ze  showed  no  re la t i onsh ip  w i th

d is tance f rom SONGS, fewer of  the large overwintered sand crabs were

co l l ec ted  a t  s i t es  w i t h i n  15 .5  km f r om SONGS (excep t  a t  6 .5  km no r th  and

sou th )  t han  were  co l l ec ted  a t  s i t es  fu r the r  no r th  (excep t  Cabr i l l o

Beach )  o r  sou th .

D i f f e rences  i n  t he  s i ze  a t t r i bu tes  re l a ted  t o  s i ze  modes  o r  med ian

s i ze  o f  sand  c rabs  a t  a  s i t e  appeared  to  be  a  consequence  o f  f ac to rs  such

as  the  p resence  o f  ove rw in te red  i nd i v idua ls  i n  t he  popu la t i on ,

d i f f e rences  i n  rec ru i tmen t ,  and  i n  the  case  o f  f ema les ,  i n i t i a t i on  o f

rep roduc t i on .  S i ze  f requency  d i s t r i bu t i ons  o f  t he  f i r s t  yea r  f ema les

were  skewed  towards  sma l l e r  s i zes  a t  s i t es  where  rec ru i tmen t  appeared

to  be  l a te r  o r  where  mos t  o f  t he  popu la t i on  i n i t i a ted  rep roduc t i on

ea r l i e r .  The  resu l t  o f  a l l  o f  t hese  f ac to r s  was  t ha t ,  ove ra l l ,  s i zes  a t

beach  s i t es  nea r  SONGS fe l l  w i th in  the  va r ia t i on  found  a t  beach  s i t es

e l sewhere .  I t  shou ld  be  no ted  tha t  d i rec t  measuremen ts  o f  g rowth  were

ou ts i de  t he  scope  o f  t h i s  s t udv .

4 . 3  R e p r o d u c t i o n

F e m a I e  s a n d  c r a b s  w i t h i n  1 2  k r n  o f  S O N G S  d i f f e r e d  f r o m  t h o s e  f a r t h e r

a w a y  i n  s e v e r a l  n e a s u r e m e n t s  o f  r e p r o d u c t i o n .  I n  g e n e r a l ,  a  l o w e r

p e r c e n t a g e  o f  f e m a l e s  w e r e  r e p r o d u c t i v e  ( i . e . ,  c a r r y i n g  c l u t c h e s  o f

e g g s  o r  s p e n t  e g g  c a s e s  )  i n  t h e  v i c i n i t y  o f  S O N G S  d u r i n g  A u g u s t ,  w h i c h
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was  the  peak  rep roduc t i ve  pe r iod  a t  mos t  o f  t he  s i t es  samp led  i n

sou the rn  Ca l i f o rn ia .  Bes ides  th i s  d i f f e rence  du r ing  the  peak  pe r iod ,

the  resu l t s  i nd i ca ted  tha t  f ema les  w i th in  12  km o f  SONGS p roduced  fewer

c l u t ches  o f  eggs  i n  1983  re l a t i ve  t o  s i t es  f a r t he r  away .  F i na l l y ,  o f

t he  fema les  tha t  were  rep roduc t i ve ,  t hose  w i th in  L2  km o f  SONGS

predominan t l y  ca r r i ed  c lu t ches  o f  spen t  egg  cases  ra the r  t han

deve lop ing  eggs .  La te r  i n  t he  rep roduc t i ve  season  (Sep tember  1983 ) ,

l a rge  pe rcen tages  o f  f ema les  a t  t he  Los  Ange les  beach  s i t es  (115  km N

and  100  kmN o f  SONGS)  a l so  ca r r i ed  c l u t ches  o f  spen t  egg  cases .

The  on l y  t rend  de tec ted  i n  any  measure  o f  rep roduc t i on  was  a

dec rease  w i th  p rox im i t y  t o  SONGS in  spen t  f ema les  (8  rnm-13  mm)  p roduc ing

ano the r  c lu t ch  o f  eggs  i n  Augus t .

4 .3  .  I  The  Spen t  Cond i t i on

The  p resence  o f  spen t  egg  cases  on  rep roduc t i ve  fema les  may  occu r

in  e i t he r  (o r  bo th )  o f  two  ways :  abo r t i on  o r  no rma l  ha tch ing .  The

occu r rence  o f  abo r t i on  i s  i nd i ca ted  by  the  p resence  o f  spen t  egg  cases

w i th in  c lu t ches  o f  deve lop ing  immatu re  eggs .  C lu t ches  composed

pr inc ipa l l y  o f  spen t  egg  cases  may  resu l t  e i t he r  f rom ex tens i ve

abor t i on ,  o r  f rom no rma l  ha tch ing .  F requen t  samp l ing  and  eva lua t i on  o f

ma tu ra t i on  cyc les  o f  eggs  can  sepa ra te  t hese  a l t e rna t i ves .

Abor t i on  was  c lea r l y  v i s i b le  i n  t he  h igh  p ropo r t i on  o f

rep roduc t i ve  fema les  w i th  c lu t ches  con ta in ing  bo th  immatu re  eggs  and

spen t  egg  cases  i n  t he  v i c in i t y  o f  SONGS (64%)  and  a t  t he  no r the rn

beaches  (  38%)  .  (Th i s  cond i t i on  occu r red  i n  f  ewer  than  2 " / "  o f  t he

rep roduc t i ve  fema les  a t  t he  sou the rn  s i t es .  )

I n  a d d i t i o n  t o  t h e s e  c l u t c h e s  c o n t a i n i n g  b o t h  d e v e l o p i n g  e g g s  a n d

s p e n t  e g g  c a s e s ,  a  h i g h  p r o p o r t i o n  ( m o r e  t h a n  5 % :  s e e  s e c t i o n  3 . 2 . 3 . 2 . 3 )
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o f  r e p r o d u c t i v e  f e m a l e s  w i t h i n  1 2  k m  o f  S O N G S  c a r r i e d  c l u t c h e s  c o m p o s e d

e n t i r e l y  o f  s p e n t  e g g  c a s e s .  S i e g e l  a n d  W e n n e r  ( 1 9 8 4 ) ,  a l s o  n o t i n g  a

h i g h  i n c i d e n c e  o f  f e m a l e s  w i t h  c l u t c h e s  o f  s p e n t  e g g  c a s e s  i n  t h e

v i c i n i t y  o f  S O N G S ,  a t t r i b u t e d  t h i s  o c c u r r e n c e  t o  a b n o r m a l  r e p r o d u c t i o n .

H o w e v e r ,  t h e  p e r c e n t a g e  o f  r e p r o d u c t i v e  f e m a l e s  w i t h  c l u t c h e s  o f

s p e n t  e g g  c a s e s  i n c r e a s e d  a t  m o s t  b e a c h  s i t e s  t o w a r d  t h e  e n d  o f  t h e

r e p r o d u c t i v e  s e a s o n .  T h i s  l a t e  b u i l d  u p  o f  t h e  s p e n t  c o n d i t i o n  s u g g e s t s

t h a t  f e m a l e s  m a y  r e t a i n  s p e n t  e g g  c a s e s  f o r  a  l o n g e r  t h a n  u s u a l  p e r i o d

a t  t h e  e n d  o f  t h e  s e a s o n .  I n d i r e c t  e v i d e n c e ,  b a s e d  o n  e v a l u a t i n g  t h e

r e l a t i o n s h i p  b e t w e e n  t h e  g e s t a t i o n  c y c l e  o f  e x t e r n a l  e g g s  a n d  t h e

o o c y t e  c y c l e ,  i n d i c a t e d  t h a t  f e m a l e  p o p u l a t i o n s  w e r e  s o m e w h a t

s y n c h r o n i z e d  i n  t h e i r  p r o d u c t i o n  a n d  d e v e l o p m e n t  o f  e g g s  i n  1 9 8 3 .  T h i s

s u g g e s t s  t h a t  t h e  d i f f e r e n c e s  a m o n g  b e a c h  s i t e s  i n  t h e  f r e q u e n c y  o f

s p e n t  f e m a l e s  c o u l d  h a v e  b e e n ,  a t  l e a s t  i n  p a r t ,  t h e  r e s u l t  o f  s a m p l i n g

p o p u l a t i o n s  t h a t  i n i t i a t e d  b r e e d i n g  a t  d i f f e r e n t  t i m e s .  U n f o r t u n a t e l y ,

sampl ing  was too  in f requent  to  demonsta te  whether  ha tch ing  (synchrony

a n d l  o r  p r o l o n g e d  r e t e n t i o n  o f  e g g  c a s e s )  o r  a b o r t i o n  w a s  m o r e  i m p o r t a n t

i n  p r o d u c i n g  t h e  o b s e r v e d  h i g h  p r o p o r t i o n s  o f  s p e n t  f e m a l e s .  T h e r e f o r e ,

n o n e  o f  t h e s e  c a n  b e  r u l e d  o u t  a s  p o s s i b l e  c a u s e s  o f  t h e  h i g h

p e r c e n t a g e s  o f  r e p r o d u c t i v e  f e m a l e s  w i t h  c l u t c h e s  c o m p r i s e d  e n t i r e l y  o f

s p e n t  e g g  c a s e s  w i t h i n  1 2  k m  o f  S O N G S  i n  1 9 8 3 .

4 .3 .2  Co r re l a t i ons  w i t h  Env i r onmen ta l  Measu res

Compar i sons  o f  rep roduc t i ve  measures  w i th  se lec ted  measures  o f  t he

phys i ca l / chemica l  env i ronmen t  o f  t he  beach  hab i ta t  showed  s t rong

co r re la t i ons  be tween  the  rep roduc t i on  va r iab les  and  food

concen t ra t i ons  ,  t empera tu re ,  and  sed imen t  cha rac te r i s t i cs .  The

f rac t i on  o f  f ema les  i n  b reed ing  cond i t i on  ( i . e . ,  f u , ea r i ng  c l u t ches  o f
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i n te res t  bu t  was  no t  add ressed  i n  th i s  repo r t .  S iege l  and  Wenner  (1984)

s ta ted  tha t  i n  L982  " the  va r ia t i on  i n  egg  mass  cond i t i on  apparen t l y

resu l ted  f rom a  tox i c  subs tance  emana t ing  f rom near  the  cen te r  o f  t he

a rea  under  s tudy  ISONGS] .  "  Two  po ten t i a l  sou rces  o f  po l l u t i on  were

sugges ted  by  S iege l  and  Wenner :  me ta l l i c  po l l u t i on  f rom seawa te r

co r ros ion  o f  condenser  tub ing  and  p ipes  i nUn i t  1 ;  o r  o rgan ic  po l l u t i on

f rom pes t i c i des  o r  o the r  ag r i cu l t u ra l  po l l u tan ts  f rom nearby  fa rms  tha t

dra in in to San Mateo Creek,  which enters the ocean approx imate ly  3 km

nor th  o f  SONGS.  A l though  the  con ten t i on  tha t  me ta l  po l l u tan ts  f rom

SONGS o r  non -me ta11 ic  po l l u tan ts  f rom ag r i cu l t u ra l  sou rces  rn igh t

d i s rup t  egg  ma tu ra t i on  o r  reduce  b reed ing  was  no l  add ressed  i n  th i s

s tudy ,  t he  app rop r ia te  samp les  have  been  co l l ec ted .
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e i t h e r  d e v e l o p i n g  e g g s  o r  s p e n t  e g g  c a s e s )  w a s  g e n e r a l l y  l o w e r  w h e r e :

( 1 )  f o o d  w a s  l e s s  i  ( 2 )  p a r t i c u l a t e s  i n  t h e  w a t e r  ( s e s t o n )  w a s  h i g h e r ;

( 3 )  w a t e r  t e m p e r a t u r e  w a s  c o o l e r ;  a n d  ( 4 )  s e d i m e n t  w a s  c o a r s e r .  H i g h e r

p e r c e n t a g e s  o f  f e m a l e s  w i t h  c l u t c h e s  o f  s p e n t  e g g  c a s e s  r a t h e r  t h a n  e g g s

w e r e  g e n e r a l l y  r e l a t e d  t o  l o w e r  c o n c e n t r a t i o n s  o f  f o o d r  c o a r s e r

s e d i m e n t s ,  a n d  h i g h e r  e o b b l e  c o v e r a g e .  C l u t c h e s  o f  d e v e l o p i n g  e g g s

w i t h  a  h i g h e r  i n c i d e n c e  o f  s p e n t  e g g  c a s e s  w e r e  r e l a t e d  t o  c o a r s e r

s e d i m e n t s ,  e x t e n s i v e  c o b b l e  c o v e r s g € ,  o r  b o t h .  I f  s p e n t  e g g  c a s e s  a r e  a

s i g n  o f  a b n o r m a l  r e p r o d u c t i o n ,  t h e n  t h e  r e s u l t s  o f  t h e  m u l t i p l e

r e g r e s s i o n  a n a l y s e s  s u g g e s t  t h a t  m e c h a n i c a l  s t r e s s  f r o m  c o a r s e r

s e d i m e n t  a n d  c o b b l e  m a y  b e  o n e  p o s s i b l e  c a u s e .

1 9 8 3  w a s  a  y e a r  o f  i n t e n s e  E I  N i n o  c o n d i t i o n s .  H o w  t h e  c o n d i t i o n s

( e . g . ,  p o w e r f u l  s t o r m s ,  r e d u c e d  o v e r a l l  p r i m a r y  p r o d u c t i o n ,  o v e r a l l

w a r m i n g  o f  n e a r s h o r e  w a t e r s )  a f f e c t e d  s a n d  c r a b s  i s  u n k n o w n ,  b u t  i t  w a s

s p e c u l a t e d  t h a t  t h e  s h o r t  1 9 8 3  r e p r o d u c t i v e  s e a s o n  m a y  h a v e  b e e n

r e l a t e d  t o  t h i s  a n o m a l y .

T h e  1 9 8 3  s t u d y  w a s  n o t  d e s i g n e d  t o  d i r e c t l y  a d d r e s s  p o t e n t i a l

e f f e c t s  f r o m  S O N G S  o p e r a t i o n .  A n  i n d i r e c t  a p p r o a c h  s h o w e d  n o  c l e a r

r e l a t i o n s h i p  b e t w e e n  t h e  v o l u m e s  o f  s e a w a t e r  c i r c u l a t e d  b y  S O N G S  f r o m

L 9 7 7  t o  1 9 8 4  a n d  t h e  r e p o r t e d  d i f f e r e n c e s  i n  s a n d  c r a b  p o p u l a t i o n s  i n

p a s t  M R C  s t u d i e s  a n d  1 9 8 3 .

A l t h o u g h  t h e  p h y s i c a l / c h e m i c a l  e n v i r o n m e n t  o f  t h e  b e a c h  h a b i t a t s

c o u l d  a c c o u n t  f o r  r n u c h  o f  t h e  v a r i a b i l i t y  a m o n g  s a n d  c r a b  p o p u l a t i o n s ,

i t  m u s t  b e  e m p h a s i z e d  t h a t  m o r e  w o r k  i s  r e q u i r e d  b e f o r e  c a u s a l

r e l a t i o n s h i p s  c a n  b e  e s t a b l i s h e d .  Q u a n t i t a t i v e  e s t a b l i s h m e n t  o f

r e l a t i o n s h i p s  ( b e t w e e n  t h e  e n v i r o n m e n t a l  v a r i a b l e s  a n d  s a n d  c r a b s )  t h a t

w e r e  s u g g e s t e d  i n  t h i s  s t u d y  i s  n e e d e d .  T n  a d d i t i o n ,  t h e  l i k e l i h o o d  o f

o t h e r  a n t h r o p o g e n i c  ( m a n - m a d e )  f a c t o r s  i n f l u e n c i n g  s a n d  c r a b s  i s  o f
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Tab le  2 -L . Beach  s i t es  su rveyed  f rom la te  Augus t  t h rough  Oc tobe r  f983
to  mon i to r  t he  end  o f  t he  rep roduc t i ve  season  and  the
occu r rence  o f  spen t  egg  cases  on  fema le  sand  c rabs .

55
krn S

Beach  S i tes  (D is tance  f rom SONGS )
45  6  . 5  1 .5  0 .4  6  . 5  100
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Survey Date

30  Aug .  -
3  Sep t .
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Tab le  3 - I 0 . Resul ts  of  ANOVA and SNK analyses that  compared beach
s i tes  w i th  respec t  t o  t he  f rac t i on  o f  t he  fema le
popu la t i ons  tha t  were  rep roduc t i ve .  Fe rna les  w i th  eggs
o r  spen t  egg  cases  were  de f i ned  as  rep roduc t i ve .  The
th ree  s i ze  c l asses  we re  ana l yzed  sepa ra te l y .  S i t es
w i th in  L2  km o f  SONGS were  i den t i f i ed  as  nea r -SONGS
s i t es  on  t h i s  t ab le .

SURVEY

I
I
t
T
I
I
I
I
I
t
I
I
I
I

SIZE CLASS

> 13mm

> 10mm-13mm

7mm- lOmm

JUNE

non -SONGS s i t es
no t  d i f f e ren t
f rom others
(F igu re  3 -23a )

no  rep roduc t i ve
fema les
(no t  t es ted )
(F igu re  3 -23b )

no reproduct ive
fema les
(no t  t es ted )

JULY

n o  f e m a l e s  a t
n e a r - S O N G S  s i t e s
( s e e  F i g u r e  3 - 2 4 a )

n e a r - S O N G S  s i t e s
n o t  d i f f e r e n t
f r o m  o t h e r s
( F i g u r e  3 - 2 4 b )

n o  r e p r o d u c t i v e
f e m a l e s  a t
m o s t  s i t e s
( n o t  t e s t e d )

AUGUST

s i t es  w i t h  f ema les ,
nea r -SONGS s i t es
s ign i f i can t l y  l ower
(F igu re  3 -25a )

nea r -SONGS s i t es
s ign i f i can t l y  l ower
excep t  O .4  km N
(F igu re  3 -25b )

nea r -SONGS s i t es
tend  to  be  l ower ,
excep t  0 .4  km N
(F igu re  3 -25c )
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Tab le  3 -  11 . Resu l t s  o f
( s i gn i f i can t  Cook ' s  D )
equa t ion  o f  t he  pe rcen t
Augus t .

exc lud ing  i n f l uen t i a l
f rom the  "pa rs imon ious

o f  a l l  f ema les  w i th  spen t

ob s ervat  ions
"  r eg ress ion
egg  cases  i n

S t a t i s t i c s
n / e r r o r  d f

,)
R.

,
a d j u s t e d  R '
P > F
F  f o r  C o o k ' s
C o o k ' s  D  >  F

Regress ion  Equa t ions

Wi thou t
0 .4  km N

Wi thou t
0 .4  km N
and  6 .5  km S

7ls
0.91

0 .81
0 .015
6 .85

N )

Pars  imon ious

7  / 7

0 .  90

0 .81
0 .0036

D 4 .99
19 .30 (6 .5km
L8 .22 (0 .4km

-10 .8

-2L .2
-22 .7

2 .2

-0 .6

Wi thou t
6 .5  km S

7  / 6

0 .  90

0 .79
0 .01
s.70

S)  15 .03  (0 .4km

716

0.92

0 .84
0 .0048
5 .70
6 .  88  (6 .5km

R e g r e s  s i o n  C o e f  f  i c i e n t s ' k
s e d i m e n t  c a r b o n  - 2 L L 7  . 4
J u l y  w a t e r

c h l o r o p h y l l
J u l y  w a t e r

phaeophyt  in
m e d i a n  g r a i n  s i z e
c o b b l e  o n  s a n d
w e i g h t e d  c o b b l e

coverage on  sand

r eg ress ion  coe f f i c i en t s
ou tpu ts  i n  Append ix  D .

=  " p a r a m e t e r  e s t i m a t e s t t  s h o w n  o n reg res  s  i on

-207L .3

-  11 .4

-2L.s
-20.8

2.L

- 1 .8

-  1700  .0

-9  .5

-25 .2
-23 .2

3 .8

-L .2

-L843 .7

-L0 .7

-23 .7
-2L .2

3 .0

-2 .L
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Tab le  3 -12 . The  occu r rence  o f  spen t
eggs  i n  egg  masses  examined  fo r  t he
g roup ings  used  i n  the  ana lys i s  a re
fo r  a l l  t h ree  su rveys .

egg  cases  among  b r i gh t -o range
ana l ys i s  o f  c l u t ch  s i ze .  S i t e
shown .  Da ta  shown  a re  poo led

B e a c h  s i t e

450 km 11:k:'c:'<

NORTH
I15 km N
100 km N
7 9 k m N

6 .5  km N
1 .5  km N
0 .4  km N
1 .5  k rn  S
6 .5  km S
12kmS

SOUTH
1B
25
45
65

Nurnber of
e g g  m a s s e s
examined

39

16
\Sg

3

NEAR
_15.5 km N __g.--izffi-- 

L4 Y
,10
\ r
\2 ;

4
\7\29

t 4 7\  9 7
83
75

N u r n b e r  o f  e g g  n a s s e s  w i t h  s p e n t  e g g  c a s e s

severa l ,k f g14:'r:'< very few none

45
94
B2
75

n o t  i n c l u d e d  i n  t h e

t h e  c o n t i n g e n c y  a n a l y s i s

a n a l y s  i  s

0
11
0

4
t1
0

3
1
0

39

9
36

3

6
5
0
3
0
2

18

2
0
1
0
0
1

I
1
0
0

4
1
2

I6
2
4
5

0
0
0
0

1
2
0
9
2
1
5

I
2
I
0

' k  e g g  m a s s e s  w i t h  s e v e r a l  s p e n t  e g g  c a s e s  w e r e
a n a l y s i s  o f  c l u t c h  s i z e .

tk tk  g roups  "severa l "  and " fewt t  were  combined in
o f  c l u t c h  s i z e  v e r s u s  b e a c h  g r o u p

: ' r : '<: ' r  450 km N was excluded from the cont ingency

5 -13



q-

o l o
$ !
! ( F  O

< ) o  p
L

o O  + J
o L  o

0)
- c >  o
. - a  0 )

G q -

!
L O )  o l

E . _  E
o ( / )  q )

a o
o . -  c )
F -

> + ) ^

G _
o 0 )

o L
! o  < t ,

E l t
q g  !

) o  ( g
o o
! L
q D  a \

D O  =

. - L  0 )
( g f
E o  a )
0 J )
s 1 5  0

c ' -  E e
O q- .-u\

o >  r r J c
- o -  =  G

O c  > . r
- )

. o  O  o o l

t r t ' ,

. t r  l cD
r =  + l  O
s o  c !

>  c  o c

o o )  E o
= }  E  O L
o)  o  pc . )

< o  o  0 )

o  -  o + r

= j<  o  L  c )
o . -  L  c )  L( . - -  O  ]

c . > E

L  !  o  O ( !

> co o co-c
> o  c  E o

o  e  o o
( ! . -  i< q- .o
L -
O  O r t \  C  F  6

O

C . -  C  o €

\ O  . E  L
N O c  L  o 0 )

_ O  O  } E
> o !  >  o ' -

U  E I

c  o ' -  *
+ T* * *

5 -  l 4

I
**
T

(\I

N l'-
F ( \

c o \ o | r \ O N

J O \ O I ' \ \ O O
( \ N o

O C V M

**

o ( !

** *

( \ N N ( \
N : f

€ aO ./)

. o o

aa
+*

C o o . \ l - - m \ O O O

O O I - - o O O

O O C O O O

o o t . - c

l . J \ o
r t \ \ O C G a t O \

t c t u \
I  g \  N  O O  I  . O

I O \ N L L
N ! r r . O 0 )

a  o p  o  - o
o  >  =  = c -  !  !  o  o

J ! t
- J ' J O) -

O N

O\ tn

J
>l
L i

= l

I

I

0)

-)

0)

'=

X

o
0)€
o

p
$ ] J  E

o . -

a a

P =  E

o o  q

o p
n n \

. _ a  r g
) o  p

> v )

L ( E
O O  o

6 1 )

0 ) 9  l C- €  =
E €  O
0)

( F P  
o

D . -

L

; :
!

o <
p

> L
q G )

g A

E P

o

I
o

I

F

I
t
I
t
I
I
t
I
I
I
I
I
I
t
I
t
I
I
I

(\J II\



O \ O \ O + F ( \ l
O \ O t -c! co o\

O \ 3

O O N +

o o o +

o N +
N

r o \

t o

l o

r c c

!
o c t + 6 1
O ) O r

E -
E lrJ U)

(v) G
o >

N l + r n l
o o L c t
s o o

(g
} , E + )
( '  E  a  t 0 )
f  ! o )
o r  O  c c  |  +  O  r
J  r  O  L o

c)
O E
o o - l

o  € 0 )

E  o  o r c  |  +  6  |
O  >  . - G  \ O

I  O  L L

p
C < - + O \ t t a F t l
o e o \

E . o + O J t t r o t r
L F

r O

cc  | . r \  +  F  |  |  r  o  I  I
L O

p

o ) o ( / ) \ o o \

LrJ A

E O

o o l z
o r ( J

a  t o

o  ! €  z .

e  -  m ^
o o
tr, E

o l
o  ! o

-C Or
O o I C v ) O \ F
>  . - ( E  Z .  5
C J  L L

l o t l

r c ) t l

p
( / l c * *
o o ( / ) o c o t t l € t !
or + z, () .lf\ co
UJ ID

G
E O
E ( g | J l o o t t t c ) t l

o l z
o o ) ( '

(E
o !
c  n  a  l 0 )
:  e o l
' )  o  -  c c  u )  o  - f  I  |  |  o  |  |

o  o  ! c  z
+ J  : L

q q l

o  9 0 )
c o  *

o o c ( / ) o c o t t r 6 t l
>  . - ( l  Z .  O
o  L q

+J

o

0)

+,

P

L

+J
(g

!

L

o)
L

0)

+)

. - o

(v) !
e o

c <
p

o o

6 >
e -

-)

L >

L L

- ( F

6 t t

- o
( o ( ,

L

q- O)

o L
Ol'-

L o

+ o

I
o

I
I
t
I
I
I
I
t
I
T
T
T
I
t
T
I
I
T
I

o
L

o
>
o

I
E
o

(F

c)
.l
€
=
g

!

-

+J

L
o
>
0)
ta-

a ..  - ^
o  ( g F

'  o l
ot r

. 6

n r -

o  > u

o  o . -

o  o <

- o  o  > o )
L O O
= -
P $ -
o  e  - a

o  - ) o
E G Z

o > ( s
o ' - l !
o  p  o o

L  E  - ) + t

o o L q  C O

o o )
E  

q  
E '

r e L

O J F O)  - ( -

@ o
6  a  E 0 . )

( ! q )

6 r  F

o  > !
A  o  ! $- -

O  O  U ' D

o .  ( E  - 0 )
E  -  !  G -

-  c -

a  v  o  o o
O  ( F O

! t J L

[ i l i l !

u ) + * z
z.

\ O O \ o +
o\ o\ \o

( \ N O J

o o O

\ O o
m

o f'-
lr\ co f.-

O I I \ O A J F

t
o r o c o o o

o r.- co co

A z
I Z Z Z Z , Z , Z . a h A
. : z . E z a a a a a
u 7 = E = _ 1 F - F = c

: < r r . E E r - ? - = - : - ? = s E E =
- c J r . n l < l j l l =
O O f \ C . t . r \ L n . 3 l ' \ r ^
G c \ 3 6 L n N . O t c O L . \ ( \ r n
C i . : F - \ O O \ C N . J \ O
co

6

U

E G

o O )

+ r 6

= o

G !

l ! E

;
o

+ o 5 \ o

+ L.\ O\ rn

I

I
! q )

orc co + N t | | o\ | t 5 0 + f.- rt\ f-.': !s r-- lr\ | o \o t- co

O N

o c )
I

f'- 5 O\ \O

O N O A I
O\ O\ O\ cO

' A

5 - t5



5-  16

; lI F

o

{i

.- +)
(ts
r >

> L

c

.:
o

0)

o o a o
o o o 0 )
p ! s 4 J

o o o o
A A

L . -

C . \

r a  o  o  o
o - o

o -
c L  o  o  c )

- - c n  + J  p  p

! L

' : '; ':

. - !
L o o 0 )
( ! >
> 6  c )  c )  c )

A C

p

!

N O

L G

c c t
! c )

o ( ,

I

o

P

=
E > c

o !

o - > L

E ! >

O L L
L = - o

r O
I
c >

0)

q

p

c.)

p
X
0)

;
0)

+,

L

c

!

p
o

P

L

+J

X

+)

>
o

L

(o
o

I

(F

.:

.I
L

;
+)
6

;
c
L

c)
!

o

L
q

( ! .

c

.- {J
1J C)

I
I
I
I
I
I
I
T
t
I
I
t
I
I
T
I
I
I
I

o c )
- E

L O

x 0 )
L ! L

I
6



co

o | J \ o \ ( \

L N A J N N

c o F

\o e4

o t n 6 o

o F N F

!n (\ (\ (\

N A I \ O ( \

F O \ O N

|J\ co ..) f-

o r.c\ o tf\

o F | J \ N

!n

tf\

N

\O O f-.

F- tr\ .O

O \ O \ O

N N O \

r.c\ \o

\o rnJ o\

N  L N | ' \ N

A  O O O
N

\o f-- f--

I A

\O O\Ol |r\

N \ O F

z.

Q O  r . O . J()
z.
a z

F F  N M +

t z .

o \ o  c \ l ( o o
C  e e -

( ,Al

z.
|r\

.  - A -

t^\
.4 (\l rt

Oi
l'- cOF (\

. - G

+ r >

g >
q)
] o )

! !

o)
+j tJ

^ o
* =
v o  .

( , o o
i< co .-
o o

L . -

o o o
o  ! . -

o 6
P

O  6 + ,

. - g + )
L  o . -
(g -c  >
> + J

( o p o

- - c  >

o >
E Z . , -

F A

O L L

o c o
p

l O -

( F ! O

6 | / ) !

o

( ,  O -

S ] J L
O o s
-o

p

9 O

i < L
c L >
G . -  P
L r O , _

! . -  o
@ 0 ) G

' - E

<  c g o -

I

9

F

I
T
I
I
I
I
I
I
I
T
T
I
T
I
T
T
I
I
I

N N

t - - t - -

\o rt\

f.- f--

o o

6 C O \ O €

o o

' l \ N | J \

N . O N

f.- o f.- o

o

tr\

F*

rt\

o

6

lr\

(\
o (\l

.; 
";

F c \

N F O \ €

F c o o o

a/)

rf\ co f'- o

o

tr\ f'- @ |r\

Ir- c\l \o (\j

(\

N ! n

\ o o o \
o\ (\ (\

F Ui\

N O -

O O\ f.-

F O O

O O F

3 f - O l

(\ ra oo\
\O AJ \O

O\ O\

* *
€ d ) -  N

|r\tntr\rt\

M

< - ) < <

E E = E
E E t s E

o o m c )

co \o ( \ o

\ O o F O  \ O A . l c O c O  O \ m

| ' \ N : l l f \  r n O \ \ O €  c ) F

e l r r o O  o F l n  O \ o

w u r w  t ! !  ( v  9 r

O \ o $ €  O \ @ ( \ o

F ( ! F o  F t J \ c O -

!f\ co

O a ;

co \o t- (\

65 Gl f . -

O \ N  O

N

* *
C O o e 6 J

rn|J\tr\tf\

p  ! !
o  a o

< - < <

0 0 6  6 c o

! -  c D  -  o - 6
o o o  ( 9 0 €

O G + j  G ! O )
L  ' -  . - o )
ob.a> b.e> o)

o

Al

t -

(\J

ar)

O\ rn O\

5 O \ o

O\ \O AJF m O  r t \

\o \o

*
N

+J
a

=

=

* *
F N  O \

]J +j
a o

' ) <

=

=
+j (t

! + j

) >

E E

o >
( o + J

o  P . -
C c ' r  = >
p  o t  E . -' - o  o + t
>  o o
o o

6 c )  - c >
E  p  o " N

( F . -  
O  0 )

E

t

]J

!

\ 0 )

( ' ) o

o b-e

t t lt t l
o o f . -

o l

G >  L

( ! ! E C )
dJ n .c.-

L  E  ! s
6  C  a  =  o ] E

O  G  O L
= L  X  -

O  E  E  = >
o -  o  c g . -

u r  ! o  L O  . - !
O  : + J  s -  E o

O  . - + j  N E E  E 1 J

c o l ( ,

s-77



I
I
t
I
I
I
t
I
I
I
I
I
I
I
I
I
T
t
I

Tab le  3 -  17 . S O N G S  w a t e r
1 9 8 0 -  1 9 8 3 .

c i rcu la t  ion 'k f o r  t h e  p e r i o d Apr i l -Augus t  L977 ,

Month

Apr i l

May

June

Ju ly

August

X  vo lume  fo r  Un i t s  1 ,  2 ,
&  3  (Ap r i 1 -Augus t )

I  vo lume fo r  Un i t  1
(Apr i l -Augus t  )

L977

5 .06

5  . 22

5 .07

5 .36

5  . 41

26.L2

26 .L2

1980

2  .27

0 .94

3 .01

2 .7  5

1 .00

9  . 97

9 .97

0 .06

1981

4 .  38

5 .61

7 .LL

3  .49

3 .11

23 .70

Ls  .27

0 .  14

L982

7 .7L

5 .91

6 .38

11 .82

12  . 54

44.36

5 .14

1983

6  . 89

L7 .66

18 .86

22  . 4L

23  . 49

89.31

7 .92

I  vo l ume  o f  Un i t s  1 ,  2 ,
&  3  exp ressed  as  a  f r ac t i on  0 .16
o f  t he  un i t s '  f u l1  capac i ; y>k : '<

I  vo lume o f  Un i t  I  exp ressed
as  a  f r ac t i on  o f  Un i t  I ' s  0 .95
fu l1 capaci ty>k:k :k

0.36 0 .56 0 .  19

o .27 0.54

o .29

:?  Volumes are 10 m
7 3: k>k  gn i ; s  1 ,  2 ,  and  3  fu I I  capac i t y  =  1 .09  x  tO  
T  / rO^ "  o r

166 .8  x  10  m  /Ap r i l -Augus t

: k : ' : : k  gn i ;  1  f u l l  capac i t y  =  1 .8  x  l o t rn t  l day  o r
7 3

27 .5  X  10  m  /Ap r i l -Augus t

5 -  l 8
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F igu re  2 -L .  Map  o f  t he  16  sand  c
SONGS.  The  Mor ro  B

ab  su rvey  beach  s i t es  re la t i ve  to
s i t e  was  on l y  samp led  i n  Augus t .
i s  i nd i ca ted  by  the  a r row .

56 c|66t Slor. 86ch (6.5 hnl )ls*t

1. (r.3 rn)
Son Onoln Stofr g.ochl (O.4 rn N I

\-tt.5 rn st

T h e  p o s i t i o n  o f  S O N G
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36"

l t  )
sfock ( 

rro"f lot stockround

o f  t h e  s a n d  c r a b  s a m p l i n g  s l e d .

DCB

net ,  l5r co. 2 mm mesh

broce, l t t  round slock

F igu re  2 -2 .  F i na l  des ign
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F i g u r e  2 - 3 .  S e l e c t i o n  c o n t i n g e n c i e s  f o r  t h e  d e t e r m i n a t i o n  o f
w h i c h  p a t c h e s  a r e  s a m p l e d  o n  a  b e a c h .
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T  = 5  m e t e r s'  ( v e r t i c a l

1 0 0  2 0 0

s c a l e )  
D i s t a n c e

Percent Cobble coverage mm 1-9

3 0 0
l o n g s h o r e ,  n e t e r s

= 1o-2e N so-ss A 6o-7e ffi r8o

B e a c h  m a p  o f  s a n d  c r a b  p a t c h e s  ( e n c l o s e d  a r e a s ) ,
e o b b l e  a r e a s  ( s h a d e d  a r e a s ) ,  a n d  s l e d  t o w  l o c a t i o n s
( v e r t i c a l  l i n e s  )  f o r  b e a c h  s i t e s  s a m p l e d  i n  J u n e  1 9 8 3 .
S l e d  t o w  l o c a t i o n s  w e r e  d e s i g n a t e d  b y  l e t t e r s  A - F ,
w h i c h  r e a d  l e f t  t o  r i g h t  u n l e s s  o t h e r w i s e  i n d i c a t e d .

F igu re  3 -4 .
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Percent. Cobbl.e Coverage

200 300
D i s t a n c e  l o n g s h o r e ,  m e t e r s

mm l-e = lo-ze N 3o-ss % 6o-7e ffi >80
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w h i c h  r e a d  l e f t  t o  r i g h t  u n l e s s  o t h e r w i s e  i n d i c a t e d .

F igu re  3 -5 .
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patches  o f  sand c rabs  d isappea led  pr j .o !  to  sanp l ing

1 1 5 K [ N
lB l . {

0I Fq

t
t
I
I
I

0 ^ 1 0 0
J  = 5  m e t e r s

( v e r t i c a l  s c a l e )

2 0 0  3 0 0
D is tance  l ongsho re ,  ne te r s

Percent cobble coverage ffim 1-s = 10-29 N 30-s9 A 60-79 W )80

B e a c h  m a p  o f  s a n d  c r a b  p a t c h e s  ( e n c l o s e d  a r e a s ) ,
c o b b l e  a r e a s  ( s h a d e d  a r e a s ) ,  a n d  s l e d  t o w  l o c a t i o n s
( v e r t i c a l  l i n e s )  f o r  b e a c h  s i t e s  s a m p l e d  i n  A u g u s t  1 9 8 3
S l e d  t o w  l o c a t i o n s  w e r e  d e s i g n a t e d  b y  l e t t e r s  A - F ,
w h i c h  r e a d  l e f t  t o  r i g h t  u n l e s s  o t h e r w i s e  i n d i c a t e d .

F igu re  3 -6 .
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I tdEIGHTED MEANABUNDANCE ( LOG) PER TOltJ OF MALE SAND CRABS
JUNE 1983

l 3.5
I
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I M
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A
N

A
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N
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N
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E

P
E
K

T
O
l,J

3 .0  +

I 2 .5  +
t !

I 2 .0  +

t 1 .5  +

i
t

I 1 .0  +

I
I

;

tI +
0 .5  +

I t
I ; l

t l
0 . 0  +N

T
-+ - -  -  -+ - - -  -+ - - - -+ - - - -+ -  - - -+ - - -  -+ - - - -+ - - - -+ - - - -+ - -  - -+____+__  _  _ f____+_-__+
450  1 i5  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65

Nor th . . .D ' i s t ance  f r om SONGS (km) . . .Sou th

N  =  no t  samp ledT STUDENT-NEWMAN-KEULS TEST
MEANS VI ITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

I GROU P I NG MEAN

1  . . + J 3

2 .37  4
1 .956
1 .650
1 .446
1 .390
i  . 285
I . U J 6

0.964
0  .843
0  .497
0  .452
0 .381
0 .211
0 .  100

BEACH

25kmS
115  km N
100 km N
6 .5  km N
45kmS
6 .5  km S
18kmS
79kmN
12kmS
1 .5  km N
12kmN
65 km S
15 .5  km N
1 .5  km S
0 .4  km N

t A
A
b
a
f.

n

E
E
E
F
F
F
F

I D
U
D

I
I
I F igu re  3 -7a .  lVe igh ted  mean  abundance  (1og  t r ans fo rmed )  o f  ma le  sand  c rabs  i n  June

1983  and  t he  SNK resu l t s ' on  t hese  va lues ' .  S i t e  means  (do t s )  t  Z  S .  E .
a re  shown .  No te  t ha t  t he  "D i s tance "  ax ' i s  i s  no t  t o  sca le .t

t
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WEiGHTED MEAN ABUNDANCE ( LOG) PER T0l4r 0F FEMALE SAND CRABS
JUNE 1983
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2 .5  +

2 .0  +

1 .5  +

1 .0  +

f l ( +
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i1i- t r l- t - ,
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, a l
t l
t-+ - -  - -+ -  - - -+ -  - -  -+ - - - -+ - -  - -+ - - - -+ - - -  -+ - - - -+ - - - -+__ -_+____+____+____+____+

450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  72  18  25  45  65
Nor th . . .D i s tance  f r om S0NGS ( km) . .  .Sou th

N  =  no t  samp led

STUDENT-NEI^/MAN- KEU LS TEST
MEANS l^JITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

GROUP I NG MEAN

2.658
2  .451
2 .079
1 .391
1 .311
1 .173
1 .159
1 .113
0 .894
U .  / b J

0 .761
0 .  533
0 .368
0 .  175
0 .  050

BEACH

25 km S
115  km N
100  km N
79kmN
18kmS
1 .5  km N
45kmS
6 .5  km S
6 .5  km N
65 km S
12kmN
15 .5  km N
12kmS
1 .5  km S
0 .4  km N

F igu re  3 -7b .  we igh ted  mean  abundance  (1og  t r ans fo rmed )  o f  f ema le
June  1983  and  t he  SNK re i u l i s  on  t hese  v i l ues .  S . i t e
S  .  E .  a re  shown  .  No te  tha t  t he  ' rD . i  s tance , ,  ax  i  s  i  s  no t

E
E
E
E

sand  c rabs  i  n
means  (do t s )  t  2
t o  sca le .
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WEIGHTED MEAN ABUNDANCE ( LOG) PER TOl// OF SAND CRABS
JUNE i983

I
3 .5  +

3 .0  +

2 .5  +

2 .0  +

1 .5  +

1 .0  +

0 .5  +

0 .0  +N
-+ - - - -+ -  -  - -+ - - - -+ - - - -+ - - -  -+ - -__+_  __ -+__  __+____+__  __+____+____+____+____+____+-
450  115  i 00  79  15 .5  72  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65

Nor th . . .D ' i s t ance  f r om SONGS (km) . . .Sou th

N  =  no t  samp led

STUDENT_NEWMAN-KEUtS TEST
MEANS l\,ITH THE SAME LETTER ARE NOT SIGNIFICANTLY DiFFERENT

GROUP i NG

i
?

I

t -- t
{

I

I
I
I

I+
I

+
I
+
I

i
t
: _

Ia
I

-i
t?
? :
I

- l
I

I t
t i
t l

A
A
B
c
c
CD
n n
\. tJ

CD
nU

E
E
E
E
F
F

MEAN

2.89r
2.735
2.367
r .743
r .704
1.646
1 .591
1 .551
1 .312
1  .030
0  .852
0  .843
0 .677
0  .260
U .  I J U

BEACH

25 km S
115  km N
100 km N
6 .5  km N
18kmS
45kmS
6 .5  km S
79kmN
1 .5  km N
12kmS
65 km S
12kmN
15 .5  km N
1 .5  km S
0 .4  km N

F igu re  3 -7c .  We igh ted  mean  abundance
1983  and  t he  SNK resu l t s
a re  shown .  No te  t ha t  t he

(1og  t r ans fo rmed )  o f  a1 l  sand  c rabs  i n  June
on  t hese  va lues .  S i t e  means  (do t s )  t  2  S .  E .

"D i s tance "  ax i s  i s  no t  t o  sca le .
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h,EIGHTED MEANABUNDANCE ( LOG) pER Tot,J 0F MALE SAND CRABS
JULY 1983
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3 .0  +

2 .5  +
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1 .5  +

1 .0  +

0 .5  +

0 .0  +N
-+ - - - -+ - -  - -+ - - - -+ - - - -+ - - -  -+ - - - -+ - - - -+ - - - -+__ -_+_  ___+__  _  _+___  _+__  __+____+_  ___+_
450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65

Nor th . . .D i s tance  f r om SONGS (km) . . .Sou th

N  =  no t  samp led

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DiFFERENT

GROUP I NG MEAN
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i

T
I
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i i
i a
? l

I
i

J
I

t
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I+
I

n

n

F
F
F

F igu re  3 -8a .  We igh ted  mean  abundance
1983  and  t he  SNK resu ' l t s
a re  shown .  No te  t ha t  t he

.436

.  J U I -

. 243
I  n ( 1

0.680
0  .425
0 .371
0 .08 i

( 1og  t r ans fo rmed )  o f  ma le  sand  c rabs  i n  Ju l y
on  t hese  va lues .  S i t e  means  (do t s )  t  Z  S .  E .r rD i s tance "  ax i s  i s  no t  t o  sca le .

A
AB
A b

B
B

D
D
D
D
E
E
E

2.  590
2 .347
2 .245
2 .168
2 . r44
1  .930
1 .786

bL.ALFI

25kmS
115  km N
6 .5  km S
45kmS
6 .5  km N
100  km N
12kmN
12kmS
1 .5  km S
0 .4  km N
18kmS
65 km S
1 .5  km N
15 .5  km N
79kmN

f , - J  I
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WEiGHTED MEAN ABUNDANCE ( LOG) PER TOtd OF FEMALE SAND CRABS
JULY 1983

0 .0  +N
-+ - - - -+ -  - - -+ - - - -+ -  -  - -+ - - -  -+ - - - -+ - - - -+ - -  - -+ - - - -+ - - - -+ -  - -  -+ - - - -+ -  - - -+ - - - -+ -  - - -+ -
450  115  100  79  15 .5  72  6 .5  1 .5  0 .4  1 .5  6 .5  t 2  18  25  45  65

Nor th .  .  .  D i  s tance  f rom SONGS (  km) .  .  .  Sou th

N  =  no t  samp led

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

GROU P I NG

I
3 .5  +

M
E 3 .0
A
N

A  1 . 3

B
U
N
D 2 .0
A
N
n
E i . 5

P
E
R 1 .0

?
I

0
! {  0 .5

;
t
I

i
I I-?

t -
?

;- l
t
I

O- l

t -

A
AB
CB
C R

CD
c nv v

CD
L U

FE
F

nu

HI
I

MEAN

2.579
2  . 4 I8
2 .155
2 . I 13
1 .970
1 .911
1  . 798
1 . O t 6

I  . 432
1  2 q ?

0 .735

0  . 467
0 .308
0 .  116

BEACH

115  km N
25kmS
i00 km N
6 .5  km N
6 .5  km S
45kmS
12kmN
0 .4  km N
1 .5  km S
12kmS
lBkmS
65 km S
1 .5  km N
15 .5  km N
79kmN

F igu re  3 -8b .  \ de igh ted  mean  abundance  ( l og  t r ans fo rmed )  o f  f ema le  sand  c rabs  i n
Ju l y  1983  and  t he  SNK resu l t i  on  t hese  va lLes .  S i t e  means  (do t s )  t  Z
S .  E .  a re  shown .  No te  t ha t  t he  "D ' i s t ance i l  ax i s  i s  no t  t o  sca le .
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I4IEIGHTED MEAN ABUNDANCE ( LOG) PER TO|' l  0F SAND CRABS
JULY 1983

0 .0  +N
-+ -  - - -+ - - - -+ - - - -+ - - - -+ - - -  -+ -  -  - -+ - - - -+ -  -  - -+ - - - -+ - - - -+ - -  - -+ - - - -+ -  - -  -+ -  - - -+ - - - -+ -
450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  72  18  25  45  65

Nor th .  .  .  D i  s tance  f rom SONGS (  km) .  .  .  Sou th

N  =  no t  samp led

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT SiGNIFiCANTLY DIFFERENT

GROUP i NG

I
3 .5  +

M
E 3 .0
l

N

A  I . J
B
U
N
D 2 .0
A
N

E 1 .5

P
E
R 1 .0

T
0
I , {  0 .5

I
a
I-i

I
I

T
I

I+
I

t
I-i

?

{

ti
d
I

i
?r' o- l

i
?- l

t -
t

A
A
A b
AB
A t r
AB

B

MEAN

2.824
2 .79 I
2  .464
2  .455
2  .427
2 .368
2 . r38
1 .794
1 .686
1 .661
1 .203
0 .814
0 .  600
0 .515
0 .127

BEACH

25kmS
1 i5  km N
6 .5  km N
6 .5  km S
45kmS
100 km N
12kmN
0 .4  km N
12kmS
i .5  km S
18kmS
65kmS
1 .5  km N
15 .5  km N
79kmN

('
I

^

U
E
E
E
F

F igu re  3 -8c .  i { e igh ted  mean  abundance
1983  and  t he  SNK resu l t s
ane  shown .  No te  t ha t  t he

(  1og  t r ans fo rmed )  o f  a l  I  sand  c rabs  i  n  Ju ' l y
on  t hese  va lues .  S j t e  means  (do t s )  t  Z  S .  E .
"D i  s t ance "  ax i  s  i  s  no t  t o  sca l  e .
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t,lEIGHTED MEANABUNDANCE ( LOc) PER TOllJ 0F MALE
AUGUST 1983

SAND CRABS
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? 0 +
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L . 3  + l
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I
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0 .0  +
-+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ -___+____+____+

450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  t 2  18  25  45  65
Nor th . . .D i s tance  f r om SONGS (km) . . .Sou th

X  =  no t  sexed  due  t o  damage  f r om l ack  o f  f o rma l i n

STUDENT-NEWMAN-KEULS TEST
MEANS l^,ITH THE SAME LETTER ARE NOT SIGNIFICANTLY DiFFERENT

GROUPING MEAN BEACH

2.572  450  km N
2 .231  6 .  5  km S
2 .172  6 .5  km N
2 .074  0 .4  km N
1 .996  25  km S
1 .525  1 .5  km S
1 .515  45  km S
1 .347  115  km N
1 .336  12  km N
1 .289  12  km S
1  .002  100  km N
0 .431  1 .5  km N
0 .094  79  km N
0 .000  15 .5  km N
0 .000  65  km S
0 .000  18  km S

I
t

t l
- l

o

A
B
B
B
B
a
I

U U
nn
L U

U

E
E
E
E
E

F igu re  3 -9a .  We igh ted  mean  abundance  ( l og  t r ans fo rmed )  o f
Augus t  1983  and  t he  SNK resu l t s  on  t hese  va lues .
2  S .  E .  a re  shown .  No te  t ha t  t he  ' rD ' i s t ance "  ax i  s

ma le  sand  c rabs  i n
S i t e  means  (do t s )  J

i s  no t  t o  sca le .
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I,IJEIGHTED MEANABUNDANCE ( LoG)
AUGUST

OF FEMALE SAND CRABS

A
B
B
R
F(

B
(^

c
I

D
D
D
E
E
E
E

F igu re  3 -9b .  we igh ted  mean  abundance  ( l og  t r ans fo rmed )  o f  f ema le
Augus t  1983  and  t he  SNK resu l l s  on  t hese  v .a l  ues .  S i t e
2  S .  E .  a re  shown .  No te  t ha t  t he ' rD ' i s t ance , , ax i s  i s  no t

PER TOW
1983

3 .0  +

2 .5  +

2 .0  +

1 . 5  +

1 .0  +

0 .5  +

0.0 +-JJX
-+ - -  - -+ - - - -+ - - - -+ - - -  -+ -  - - -+ - - - -+ - - - -+ - - -  -+ -  - - -+ - -  -  -+ - - - -+ - - - -+ -  - - -+ - -  - -+ - - - -+ -
450  1 i5  100  79  15 . s  12  6 .5  1 .5  0 .4  i . 5  6 .5  72  18  25  45  65

Nor th . . .D i s tance  f r om SONGS (km) . . .Sou th

X  =  no t  sexed  due  t o  damage  f r om l ack  o f  f o rma l i n

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S IGNIF iCANTLY D IFFERENT

GROUPING MEAN BEACH

;
?

ii
t l- t

?
I

J
I

I
I

;

+- t
t -
?
I

. 816

.468

.272

.167
0  . 884

2.544
2 .094
2 .07  4
1  .849
i  .817

0 .661
0 . i13
0 .000
0 .000
0 .000

450 km N
0 .4  km N
6 .5  km S
1 .5  km S
25 km S
6 .5  km N
45kmS
12kmN
12kmS
100  km N
i . 5  km N
1 i5  km N
79kmN
15 .5  km N
65kmS
18kmS

sand  c rabs  i  n
means  (do t s )  t
t o  sca le .
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\4,EIGHTED MEANABUNDANCE ( LOG) PER TOllJ OF SAND CRABS
AUGUST 1983

2 .0  +

1 . 5  +

1 .0  +

0 .5  +

0 .0  +
- . r - -  - -+ - - - -+ - - -  -+ - - - -+ - - - -+ - - - -+ -  - -  -+ - -  - -+ -  - -  -+ - - - -+ -  -  - -+ - -  -  -+ - - - -+ - - - -+ - - - -+ -
450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  72  i 8  25  45  65

Nor th . . .D i s tance  f r om SONGS (km) . . .Sou th

X  =  no t  sexed  due  t o  damage  f r om l ack  o f  f o rma l i n

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

GROU P I NG MEAN BEACH

2 .891  450  km N
2 .465  6 .5  km S
2 .349  0 .4  km N
2 .3 I I  6 .5  km N
2 .267  25  km S
2 .019  1 .5  km S
1 .806  45  km S
1 .735  65  km S
1 .602  12  km N
1 .519  12  km S
1 .411  115  km N
1 .326  100  km N
0 .911  1 .5  km N
0 .711  15 .5  km N
0 .  123  79  km N
0 .000  18  km S
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3.0

) r ,

I
?
I
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?r' a- l
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i
t
I

t l'l i-i
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i?
t -- l
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I
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t
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i

b
B

B

DC
DC
DC
D
n
D
E
E
F
F

we ' i gh ted  mean ,abundance  (1og  t r ans fo rmed )  o f  a1 l  sand  c rabs  i n  Augus t
1983  and  t he  SNK resu l t s  on  t hese  va lues .  S ' i t e  means  (do t s )  t  Z  S .  E .
a re  shown .  No te  t ha t  t he  "D i s tance ' r  ax ' i s  i s  no t  t o  sca le .

F i  gu re  3 -9c .
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H

n

B
B
B
B
B
B
B

Fi  gure  3 -13  .

MEAN

10.050
10 .050
9 .983
9 .867
9 .567
9 .300
Q  ? n n

I . J O T

7 .525
7 .20A
I . I Z 5
6.600
6 .480

REPS BEACH

4  45kmS
6  115  km N
6  100kmN
6  25kmS
6  6 .5  km S
3  12kmS
6  6 .5  km N
4 65 km S
3  79kmN
4  lBkmS
4  I . 5  km  S
4  L5kmN
4  15 .5  km N
6  12kmN
5  0 .4  km N

Mean  o f  t he  max imum s i ze  mode  o f  ma les  i n  Ju l y  1983  and  t he  resu l t s
o f  t he  SNK tes t  on  t hese  va lues .  S i t e  means  (do t s )  t  Z  S .  E .  a re
shown .  No te  t ha t  t he  "D i s tance "  ax i s  i s  no t  t o  sca le .

5-44



MAXIMUM SIZE MODE FOR MALES
AUGUST 1983

- -+ - -  - -+ - - - -+ - -  -  -+ - - - -+ -  - - -+ - - - -+ -  - - -+ -  - - -+ - - - -+ - -  - -+ - - - -+ - - -  -+ - - - -+____+____+__
450  115  100  79  15 .5  12  6 .5  i . 5  0 .4  1 .5  6 .5  t 2  18  25  45  65

Nor th .  .  .  D i  s tance  f rom SONGS (  km) .  .  .  Sou th

I  ess  t han  5  an ' ima l  s  pe r  r ep l ' i ca te
no t  samp l  ed

STUDENT-NE\,{MAN- KEU LS TEST
MEANS WITH THE SAME LETTER ARE NOT S iGNIF ICANTLY D IFFERENT.
GROUPING MEAN REPS BEACH

13 .517
10 .700
10 .480
10 .  367
10 .200
10 .  175
9 .800
8  . 467
o . J l /

7 .725
7  . 675
6 .950
6 .775
O . O U U

+i
t
I

t laa
t l

'- l

t?
? '
t -

- l
r ? l
ar !
t - l- l

1
I
I

24+
I
I

22+
I
I

20+
I
I

M18+
El
Al
N 1 6 +

I
Ml
014+ l
D l?
L l

12+
ml - l
mll+

10+  |  ,
r O
t l
t l

8 +
t l
I t

6+  I
t -
I

4 +  ) k

I
t
t
t
t
t
I
I
T
I
I
I
t
I
I
t
I
I
I

) k -

N -
t t  -

6  450kmN
4  100kmN
5  1 . 5  K m  5
6  6 .5  km S
4  65kmS
4  25kmS
2  115  km N
6  6 .5  km N
6  12  km S
4  0 .4  km N
4  12kmN
4  45kmS
4  79kmN
1  1 .5  km N

A
n
t

B
b

B
B
B
B
B
B
B

Mean  o f  t he  max imum s i ze  mode  o f  ma les  i n  Augus t  1983  and  t he  resu l t s
o f  t he  SNK tes t  on  t hese  va lues .  S ' i t e  mea -ns  (do t s )  t  Z  S .  E .  a re
shown .  No te  t ha t  t he  "D i s tance "  ax ' i s  i s  no t  t o  sca le . '

5 -45

F igu re  3 -14 .



MINIMUM SIZE MODE FOR FEMALES WITH EGGS
JULY 1983

- -+ - - - -+ -  -  - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - -__+____+____+____+____+____+__

450  115  100  79  15 .5  72  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65
Nor th . .  .D i s tance  f r om SONGS (km) . .  -Sou th

l ess  t han  5  an ima l s  pe r  r ep l i ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS l4/ ITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

GROUP I NG

-; i- j :_?
r Q r

l r  5 -
l l

24+
I
I

22+
I
I

20+
I
I

M18+
El
Al  I
N16+  -  i

l t?
Mtl - l
Q14;  ?  t  :
QtrrEt- i

72+
ml
ml

10+
l l

- r l
B+ tr l

I
oi  :

I
I

4 + N  x  ) k  *  *  *  r (

I
T
I
T
I
t
I
I
I
t
t
I
I
I
I
I
T
I
T

* -
t\l -

MEAN

15 .600
14 .345
13  . 462
13 .272
12 .829
12 .578
1 1  a 1 -

11 .557
8 .  000

N BEACH

1  79kmN
1  115  km N
2  100kmN
6  25kmS
3 65 km S
3  18kmS
3 12 km S
4  45kmS
1  0 .4  km N

l

A
A
A
A

B
B
B
B
B
B
B

Mean  o f  t he  m in imum s ' i ze  mode  o f  f ema les  w i t h  eggs  i n  Ju l y  1983  and
the  resu l t s  o f  t he  SNK tes t  on  t hese  va lues .  S i t e  means  (do t s )  t  Z  S .
E .  a re  shown .  No te  t ha t  t he  "D ' i s t ance "  ax i s  i s  no t  t o  sca le .

5 -46

F i  gu re  3 -15 .



MiNIMUM SIZE MODE FOR FEMALES WITH EGGS
AUGUST 1983

- -+ - - - -+ - - -  -+ - - - -+ - - -  -+ - - - -+ - - - -+ - - -  -+ -  - - -+ - -  - -+ -  -  - -+ - - - -+ - - - -+ -  -  - -+ - -  __+_  ___+*_
450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  72  18  25  45  65

Nor th . . .D i s tance  f r om S0NGS ( km) . . .Sou th
' l ess  

t han  5  an ima ' l s  pe r  r ep l  i ca te
no t  samp l  ed

MEANS WITH THE

GROU P I  NG

STUDENT-NEWMAN-KEULS TEST
SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

24+
I
I

22+
I
I

20+
I
t -
I

I18i!L l

Al
N16+

I
Ml  -
014+ {
D l
E l

12+
ml
ml  -

10+  |  |
l rr-
l l r le i  -  :  +
, I
I -
I

6 +
I

I
4 + ) t * * ) k ) k ) t

I
I
I
I
T
T
I
I
I
I
I
T
t
t
t
t
I
t
t

t
i

t ( -

N _

MEAN

17  .759
14 .  170
12.263
10 .753
10 .455
9 .250
9 .207
9 .  188
B .  395

N BEACH

6  450kmN
4  100kmN
3  65kmS
4  25kmS
2 12 km S
2 12 km N
4  45kmS
2 15 .5  km N
4  0 .4  km N

A
b
f.

D
D
D
D
D

E
E
E
E

Mean  o f  t he  m ' i n ' imum s i ze  mode  o f  f ema les  w ' i t h  eggs  i n  Augus t  1983  and
the  resu l t s  o f  t he  SNK tes t  on  t hese  va lues .  S i i e  means - (do t s )  t  e  S .
E .  a re  shown .  No te  t ha t  t he  "D i s tance "  ax i s  i s  no t  t o  sca le .

5-47

F i  gu re  3 - i 6 .



MEAN OF THE MEDIAN LENGTH FOR FEMALES WITH EGGS
JUNE 1983

OR SPENT EGG CASES

- -+ - - - -+ - - - -+ - - - -+ -  - - -+ - - - -+ -  - - -+ -  - - -+ - - - -+ - -  - -+ - - - -+ - - -  - f - - - -+ - - - -+ - - - -+ - -  - -+ - -
450  115  100  79  15 .5  72  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65

Nor th .  .  .  D i  s tance  f rom SONGS (  km) .  .  .  Sou th

l ess  t han  10  an ' ima l  s  pe r  r ep l  i ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S IGNIF ICANTLY D IFFERENT.
GROUPING MEAN REPS BEACH

i
?
I

24+
I

L Z +

i
20+

I
Ml  -
E18+ |
D t  Ir i  ?
A16+
Nl

I
114  +
El
Nl
G12+
Tl
Hl

10+
ml
m l

8+
I
I

6 +
I
I

4 + N ) k ) k * * r k ) k ) t r k

I
t
t
I
T
T
I
I
I
t
T
T
I
I
I
I
I
I
I

i
ta
?i

t
I

x -

ftl =

1  6 .5  km S
1  65kmS
3  25kmS
1  100kmN
1  45kmS

20 .200
i8 .  700
18.467
16 .900
15 .650

A
A
A
A

A

leng th  (mm)  o f - f ema les  w i t h  eggs  o r  spen t  egg  cases
the  resu l t s  o f  t he  SNK tes t  on  t hese  va lue i l  S i t e
S .  E .  a re  shown .  No te  t ha t  t he  "D ' i s t ance i l  ax . i s  i s

5 -48

Med ian  ca rapace
in  June  1983  and
means  (do t s )  t -  Z
no t  t o  sca l  e .

F i  gu re  3 -17 .



I
I
I
t
I
I
t
T
I
t
I
I
t
I
t
I
t
I
t

i!
i t-+

-+
: -

24+
I
I

L L ]

I
I

20+
I

Ml
E18+
Dl
I l
A16+
Nl

I
114+
El
Nl
G12+
Tl
Hl

10+
ml
ml

8+
I
I

6 +
I
I

4+

MEAN OF THE MEDIAN LENGTHFOR FEMALES WITH
JULY 1983

EGGS OR SPENT EGG CASES

- -+ - - - -+ - - - -+ -  -  - -+ - - - -+ - - - -+ - - - -+ - - -  -+ -  -  - -+ -  - - -+ -  - - -+ - - - -+ - - - -+ - -
450  115  i 00  79  15 .5  72  6 .5  1 .5  0 .4  1 .5  6 .5  12  i 8  25  45  65

Nor th . . .D r ' s t ance  f r om SONGS (km) . . .Sou th

I  ess  t han  10  an ima l  s  pe r  r ep l  i  ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S IGNIF ICANTLY D IFFERENT.
GROUPING MEAN REPS BEACH

x -

frl =

n

L
f'
I

E
E

A
5

B
B
B
D
D

18 .  600
14 .600
14 .325
14 .  150
13 .933
13 .200
12 .600
11 .950

1  79kmN
2  100kmN
4  115  km N
3  18kmS
6  25kmS
3  65kmS
2  12kmS
4  45kmS

Med i  an  ca rapace
in  Ju l y  i 983  and
means  (do t s )  t _  Z
no t  t o  sca l  e .

l eng th  (mm)  o f  f ema les  w i t h  eggs  o r  spen t  egg  cases
the  resu l t s  o f  t he  SNK tes t  on  t hese  va lues .  S i t e
S .  E .  a re  shown .  No te  t ha t  t he  "D i s tance "  ax i s  i s

5 -49

F igu re  3 - i 8 .



i- t

ti
t l
t l
t - l
t l- l

i
I
I

MEAN OF THE MEDIAN LENGTH FOR
AUGUST 1983

FEMALES tdlTH EGGS

- -+ - - - -+ - -  - -+ - -  - -+ - - -  -+ - - - -+ - - - -+ -  -  - -+ - - -  -+ - - - -+ -  -  -  -+ - - - -+ - - - -+ - - - -+ - - - - * - -  -  _ r_ - .
450  115  100  79  15 .5  t 2  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  4  5  65

Nor th . . .D ' i s t ance  f r om SONGS (km) . . .Sou th
*  =  I  ess  t han  10  an  jma l  s  pe r  r ep l . i ca te
N  =  no t  samp led

STUDENT-NEWMAN-KEULS TEST
MEANS WiTH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

I
I
t
I

6  450kmN
4  100kmN
4 65 km S
4  25kmS
4  45kmS
2 15 .5  km N
4  0 .4  km N

24+
t -
II

t l +  |

t?
t l

20+ -  |
I

Ml  r
E18+
qt i
I l
A16+
Nl

I
114  +
El
Nl
G12+
Tl
Hl

10+
ml
m l

8+
I
I

6 +
I
I

4 +  *  ) k

T
I
I
I
t
t
I
t
l
I
I
t
I
I
t
I
I
I
I

MEAN

2L733
18.675
15 .012
t J .  I  1 3

11 .225
10 .750
9 .575

N BEACHSNK GROUPING

A
n
A
A
n
b

l a
v u

n
t^

f'

i n  Augus t  1983  and
means (do t s ) tZS .
t o  sca l  e .

F i  gu re  3 -19a  .  Med i  an  ca rapace  i  eng th
the  resu l t s  o f  t he  SNK
E.  a re  shown .  No te  t ha t

(mm)  o f  f ema les  w i t h  eggs
tes t  on  t hese  va l  ues .  S ' i t e
t he  "D i s tance "  ax i s  i s  no t



t
I
I
I
I
t
l
I
I
t
I
t
I
I
I
I
I
T
I

EGG CASES

- -+ -  - -  -+ - - - -+ - - -  -+ - - -  -+ -  - - -+ - -  - -+ - - - -+ -  - - -+ - - - -+ - - - -+ - - -  -+ - -  - -+ -_
450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65

Nor th . . .D j s tance  f r om SONGS (km) . . .Sou th

I  ess  t han  10  an ' ima l  s  pe r  r ep l  i ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S IGNIF ICANTLY D iFFERENT.
GROUPING MEAN REPS BEACH

MEAN OF THEMEDIAN LENGTH FOR
AUGUST

FEMALES WITH SPENT
1983

24+
I
I

22+
t -
t l

20+ l
l l

M l
E18+
Dl
I l
A i6+
Nl

I
114+
E IL l

Nl
G12+
I l
H l

1 0 +
m l
m l

8 +
I
I

6 +
t
I

4 +  ) t

I
I

_l
i

x -

t t  _
t \ -

D
n
U

D
D
D

2  100kmN
1  450kmN
6  6 .5kmS
4  25kmS
5  1 .5  km S
3 12 km S
6  6 .5  km N
1 65 km S
3 12 km N
4  0 .4  km N
3  45kmS

A
n

c
f'

a

a

E
E
E

23.700
20.200
14 .050
12.975
12 .900
12 .900
I Z .  f , U U

L1 .800
10 .567
9 .900
Y . / I l

F igu re  3 -19b .  M9 ! ! an  ca rapace  i eng th  (mm)  o f  f ema les  w i t h  spen t  egg  cases  i n  Augus t
1983  and  t he  resu l t s  o f  t he  SNK tes t  on  t hese  va lues .  S i t e  meJns
(do t s )  t -  Z  S .  E .  a re  shown .  No te  t ha t  t he  "D i s tance r r  ax ' i s  i s  no t  t o
sca  t e .



24+
I
t -

22+ l
t+
t l

20+ -
I

Ml
E18+
Dl
I l
A16+
Nl

I
114+
El
Nl
G72+
Tl
Hl

10+
ml
ml

B +
I
I

6 +
I
I

4 +

A
B
a

DC
n aU U
n t r a
u t v

DFC
h r
v t u

DF
DF

F
F

I
I
I
I
I
I
t
I
t
I
I
I
I
I
I
I
I
I
I

MEAN OF THE MEDIAN LENGTHFOR FEMALES I, i ITH
AUGUST 1983

EGGS OR SPENT EGG CASES

- -+ - - - -+ -  - - -+ - - - -+ - - - -+ - - - -+ - - - -+ -  - - -+ - - -  -+ -  - - -+ - - - -+ - - - -+ - - -  -+ -  _  __+_  _  _  _+_  _  __+__
450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  t 2  18  25  45  65

Nor th . . .D i s tance  f r om S0NGS ( km) . . .Sou th
x  =  I  ess  t han  10  an ' ima l  s  pe r  r ep l  i  ca te

i
I

i-+l
t t l
i :?

_l i
I
t
I

i- t
t - l
t l
a l
i?
t l

I

I
II

I
l -
I- l

i
I

MEANS WITH
GROUP i  NG

STUDENT-NEWMAN-KEULS TEST
THE SAME LETTER ARE NOT SiGNIFICANTLY DiFFERENT.

MEAN

1 t  . 5 6  /
18 .  675
T J . U I I
14.050
13 .4s0
12 .900
12 .900
i2 .500
i l .225
10 .750
10 .567
9 .  900

REPS BEACH

6  450kmN
4  100kmN
4  65kmS
6  6 .5  km S
4  25kmS
5  1 .5  km S
4  12kmS
6  6 .5  km N
4  45kmS
2 15 .5  km N
3  12kmN
4  0 .4  km N

Med ian  ca rapace  l eng th
i  n  Augus t  1983  and  the
means  (do t s )  t  Z  S .  E .
no t  t o  sca l  e .

(mm)  o f  f ema les  w i t h  eggs
resu l t s  o f  t he  SNK tes t  on
a re  shown .  No te  t ha t  t he

0 r  spen t  egg  cases
these  va  I  ues  .  S i  t e

"D ' i  s t ance ' r  ax i  s  i  s

F i  gu re  3 -19c .



MEAN OF THE MEDIAN LENGTH FOR FEMALES
AUGUST

WITH EGGS OR SPENT EGG CASES>13  mm
I  w x  <

I
I
I
t
I
I
I
t
I
I
t
I
I
t
t
I
I
I
I

I
I
t

I

I

i
I
I

I
I

I
I

I

- l
t l
t+
t l

* l
t l
t -
I

24+
t -
l l

22+ l
r ( l
t l
t t l

20+-  I
Ml  r
E l  ,
D18+ |
I l
A l
N 1 6 +

I
L l
E14+
Nl
G l
I12+
Hl

I
m10+
ml

I
8 +

I
I

6 +
I
I

4 + t < * ) t ) r
- -+ -  - -  -+ -  - - -+ - -  -  -+ - - - -+ - - -  -+ -  - - -+ - - - -+ -  -  - -+ - - - -+ -  -  - -+ - - - -+ -  ___+____+__  __+____+__
4s0  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65

Nor th .  . .D i s tance  f r om S0NGS ( km) . . .Sou th

l ess  t han  10  an ima l  s  pe r  r ep l  i ca l e

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S IGNIF ICANTLY D IFFERENT.
GROUPING MEAN REPS BEACH

6  450kmN
4  100kmN
2  6 .5  km N
4  65kmS
5  6 .5  km S
4  25kmS
3  45kmS
4  1 .5  km S
I  t z  K m  )

A
A
A

2 I .567
1 0  ? n n

17 .850
15 .450
14  . 7  40
i4 .  175
14 .033
13 .800
13 .800

B
B
B
B
B
B
B
H

Med ian  ca rapace  l eng th  (mm)  o f  f ema les  l a rge r  t han  13  mm w i t h  eqqs  o r
spen t  egg  cases  i n  Augus t  1983  and  t he  resu ' l t s  o f  t he  SNK te i i  on
these  va lues .  S i t e  means  (do t s )  t  Z  S .  E .  a re  shown .  No te  t ha t  t he
"D i  s t ance "  ax ' i s  i  s  no t  t o  i ca ' l e .

5- 53

F i  gu re  3 -20 .



MEAN 0F THE MEDIAN LENGTH FOR FEMALES <13 mm WITH EGGS 0R SPENT EGG CASES
AUGUST 1983

- -+ - - - -+ -  - -  -+ - - -  -+ - -  - -+ - - - -+ -  - - -+ -  - - -+ -  - - -+ -  -  - -+ - - - -+ - - - -+ - - - -+ -  -  - -+ - - - - * -_  _____
450  115  100  79  15 .5  t 2  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65

Nor th .  .  .  D i  s t ance  f r om S0NGS (  km) .  .  .  Sou th
*  =  l ess  t han  10  an ima l s  pe r  r ep l i ca te
N  =  no t  samp led

al' a
I

I

24+
I
I

LZ. +

I
I

20+
M l
El
D18+
I l
A l
N16+

I
L l
E14+
Nl  t -
9- r + + r + -
Tl2+ |  -  -  :  :  +Hl  - l

'?+-
m10+
ml I

I
8+

I
I

6 +
I

4 + * ) k * ) k *

!
I
I
T
I
t
I
t
t
I
I
I
I
I
I
I
t
T
I

STUDENT-NEWMAN-KEULS TEST
SAME LETTER ARE NOT S IGNiF ICANTLY D iFFERENT.MEANS WITH THE

GROUP I  NG REPS BEACH

1  100kmN
4  25kmS
5  6 .5  km S
2  65kmS
5  1 .5  km S
5  6 .5  km N
3  12kmS
4  45kmS
2 15 .5  km N
3  12kmN
4  0 .4  km N

MEAN

i2 .  900
12.700
12.700
] 2 .  O U U
12.500
12  .420
1 i .900
I1 .225
10 .750
10 .567
9 .900

A
A
A
A
A
i

A

BA
BAC
BC
BC

r'

Med ian  ca rapace  l eng th  (mr )  9 I ^ f ema les  sma l l e r  t han  13  mm w i t h  eggs
o r  spen t  egg  cases  i n  Augus t  1983  and  t he  resu l t s  o f  t he  SNK tes t  on
these  va lues .  S ' i t e  means  (do t s )  t  Z  S .  E .  a re  shown .  No te  t ha t  t he
"D i  s t ance "  ax i  s  i  s  no t  t o  i ca l  e .

J  J -

F i  gu re  3 -21 .
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Mean  pe rcen tage l , - by  beach .  o f  a l l  f ema les  w i t h  eggs  o r  spen t  egg
cases  i . n  June ,  Ju l y  and  Augus t  1983 .  S i t e  means  (d "o t s )  t  Z 'S ,  E .  a re
shown .  No te  t ha t  t he ' ,D i s tance , ' ax i s  i s  no t  t o  sca le .

F igu re  3 -22 .
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Nor th .  .  .  D j  s tance  f rom SONGS (  km) .  .  .  Sou th

l ess  t han  10  an ' ima l  s  pe r  r ep l  i ca te
no t  samp l  ed

I MEANS WiTH

GROUP I  NG

STUDENT-NEWMAN-KEULS TEST
THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

I
A
A
A
A
A
A

MEAN REPS BEACH

92 .593  1  45  km S
70 .971  3  6 .5  km S
70 .056  4  25  km S
57 .500  1  65  km S
53 .333  i  6 . 5  km N
28 .571  2  i 8  km S
20 .794  3  100  km N
8 .824  2  1 i 5  km N

I
B
B
u

B
H

B
bI

I
I F igu re  3 -23a .  Mean  pe rcen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  13  mm ca rapace

leng th  w i t h  eggs  o r  spen t  egg  cases  i n  June  1983  and  t he  resu l t s  o f
t he  SNK tes t  on  t hese  va lues .  S i t e  means  (do t s )  t  Z  S .  f .  a re  shown .
No te  t ha t  t he  r rD i  s t ance , ,  ax i  s  i  s  no t  t o  scd le .t

I
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PERCENT 0F ALL FEMALES >10 mm AND <13 mm WITH EGGS 0R SPENT EGG CASES
JUNE 1983
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450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65

Nor th . . .D i s tance  f r om SONGS (km) . . .Sou th

=  l ess  t han  10  an ima l s  pe r  r ep l i ca te
=  no t  samp led

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOI  S IGNIF ICANTLY D IFFERENT.

GROU P I NG MEAN REPS BEACH

t \

B
B
B
B
B
B

2 .857
r .679
0.278
0 .  000
0  .000
0 .  000
0 .  000

1  45kmS
3  lBkmS
6  25kmS
4  100kmN
6  115  km N
1  6 .5  km N
1  65kmS

Mean  pe rcen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  10  mm and  sma l l e r
t han  13  mm c l r apace  l eng th  w i t h  eggs  o r  spen t  egg  cases  i n  June  1983
and  t he  resu l t s  o f  t he  sNK  tes t  on  t hese  va lues . -S i t e  means  (do t s )  t
2  S .  E .  a re  shown .  No te  t ha t  t he  I 'D i s tance "  ax i s  i s  no t  t o  sca le .

F igu re  3 -23b .
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PERCENT OF ALL FEMALES >13 mm WITH EGGS OR SPENT EGG CASES
JULY i983
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450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  i . 5  6 .5  12  18  25  45  65
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l ess  t han  10  an ima l  s  pe r  r ep l  i ca te
no t  samp l  ed
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MEANS WITH THE

GROU P I  NG

STUDENT-NEWMAN-KEULS TEST
SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

MEAN REPS BEACH

96 .468
Y a .  L 3 0

80.  000
67 .397
66 .94s
i6 .950
i6 .552

n
tt

B
B

4  45kmS
3  18kmS
1  79kmN
3  65kmS
6 25 km S
6  100kmN
6  115  km N

A
A
A

C

F igu re  3 -24a .  Mean  pe rcen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  13  mm ca rapace
leng th  w i t h  eggs  o r  spen t  egg  cases  i n  Ju l y -1983  and  t he  resu l t s  o f
t he  SNK tes t  on  t hese  va lues .  S i t e  means  (do t s )  t  Z  S .  E .  a re  shown .
No te  t ha t  t he  "D i s tance i l  ax i s  i s  no t  t o  sca le .
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a
I
I

- - - - +

f ,  u .'  
No r th .  .  .  D i  s tance  f rom S0NGS (  km) .  .  .  Sou th

I  ess  t han  10  an ima l  s  pe r  r ep l  i  ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S IGNIF ICANTLY D IFFERENT.

GROUP I NG REPS BEACH

x -

l l  -
t \ -

4  45kmS
5  1 6 K m )
1  1 .5  km N
4 12 km S
4 65 km S
4  12kmN
2  0 .4  km N
6  25kmS
4  i . 5  km  S
6  100kmN
5  6 .5  km S
4  6 .5  km N
6  i 15  km N

MEAN

87  .575
32 .824
30  .  769
29 .031
15 .698
14  . 834
9 .821
9 .173
L . ' J 6

1 .082
0 .667
0 .161
u .  r / .4

A
B
B
B
B
B

F igu re  3 -24b .  Mean  pe rcen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  10  mm and  sma l l e r
t han ,13  mm c3 rapa_ce  l eng th  w i t h  eggs  o r  s [ en t  egg  cases ' i n  Ju l y  1983
and  t he  resu l t s  o f  t he  SNK tes t  on  t hese  va lues . -5 i t e  means  (do t s )  t
2  S .  E .  a re  shown .  No te  t ha t  t he  "D i  s t ance "  ax ' i s  ' i s  no t  t o  sca le .
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EGGS OR SPENT EGG CASES
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I  ess  t han  10  an  j  ma l  s  pe r  r ep l  i  ca l e
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S IGNIF ICANTLY D IFFERENT.

MEAN REPS

PERCENT0F ALL FEMALES >13 mm
AUGUST
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A
n

A
A
A
A
B
B
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98 .256
97 .557
Y 3  , 6 Z I
92 .796
89  .  470

69 .075
63 .800
o L  . 3 2  I

4
4
4
6
4

6
4

bE .ALH

45kmS
65kmS
100 km N
25 km S
450 km N
i . 5  km S
12kmS
6 .5  km S
6 .5  km N

F igu re  3 -25a .  Mean .pe rcen tages ,  by  beach ,  o f  f ema les  i a rge r  t han  13  mm ca rapace
lgng ln  w i t h  eggs  o r  spen t  egg  cases  i n  Augus f1983  and  t he  resu l t s  o f
t he  SNK tes t  on  t hese  va lues .  S i t e  mean i  ( do t s )  t  Z  S .  E .  a re  shown .
No te  t ha t  t he  "D i s tance r rax i s . i s  no t  t o  sca le .
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I  ess  t han  10  an ' ima l  s  pe r  r ep l . i ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S IGNiF ICANTLY D IFFERENT.

GROUPi NG MEAN REPS BEACH

96 .909
86 .347
79 .639
t o . Y Z 5
72 .131
61 .538
58 .  989
50 .864
35  .  BB4
26 .162
18 .  569
0  . 000
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4  45kmS
4  25kmS
2  65kmS
1  15 .5  km N
4  0 .4  km N
1  100kmN
4 12 km S
4  12kmN
6  i . 5  km  S
6  6 .5  km N
6  6 .5  km S
6  450kmN

A
A

c
CD
CD

D

F
r

F ' i gu re  3 -25b .  Mean  pe rcen tages ,  by -beach .  o f  f ema les  i a rge r  t han  i 0  mm and  sma l l e rtt ! 3 ! it' o'i ̂ :.' TJi,',1 J'J F tf n I t l'l*'f l l. o'o,i o.6,l"t,."rt,',x',:' s i ?. 0; : x ; :( do t s )  t  Z  S .  E .  a re  shown .  No te  t ha t  t he  iO l i t . n i . i - u * i t  ; ; ' ; ; ; ' t "
s ca le .
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PERCENT OF ALL FEMALES >7 mm AND <10  mm WITH
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MEANS WITH THE

GROU P I  NG

STUDENT-NEWMAN-KEULS TEST
SAME LETTER ARE NOT S IGNiF ICANTLY D IFFERENT.

MEAN

64 .  000
46 .677
33 .9 i6
29.167
2r .312
1 1  7 7 A

1 i . 765
6 .747
3 . 5 /  I
3.540
0 .000
0 .000

A
A
n
n
a
I

B
B
D
D
D
n
D
D

n
n
n

REPS BEACH

4  45kmS
1  15 .5  km N
4  0 .4  km N
3 25 km S
2 65 km S
4  12kmN
3  1 .5  km S
1  1 .5  km N
6  6 .5  km N
2  12kmS
6  6 .5  km S
6  450kmN
4  79kmN

F igu re  3 -25c .  Mean  pe rcen tages ,  by  beach ,  o f  f ema ies  l a rge r  t han  7  mm and  sma l l e r
t han  i 0  mm ca rapace  l eng th  w r ' t h  eggs  o r  spen t  egg  cases  i n  Augus t
1983  and  t he  resu l t s  o f  t he  SNK tes t  on  t hese  va ' l ues .  S i t e  means
(do t s )  t  Z  S .  E .  a re  shown .  No te  t ha t  t he  "D i s tance ' r  ax i s  i s  no t  t o
. r . r l o) L a  I  s '  
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450  1 i5  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65
Nor th .  . .D ' i s t ance  f r om SONGS (km) . . .Sou th

*  =  I  ess  t han  10  an ima l  s  pe r  r ep l ' i ca te
N  =  no t  samp led

STUDENT-NEWMAN-KEULS TEST
MEANS WiTH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

GROU P I NG MEAN REPS BEACH

92.593 1 45 km S
67 .077  4  25  km S
57 .500  I  65  km S
28.571 2 18 km S
9 .295  3  100  km N
6 .667  1  6 .5  km N
0 .000  3  6 .5  km S
0 .000  2115kmN

I
t

a

+
?
I
I

?
I

- * * ) t

l

A

B
b

b

b

B
b

B

F igu re  3 -26a .  Mean  pe rcen tages ,  by  beach , -o f  f ema les  l a rge r  t han  13  mm ca rapace
l  eng th  w i  t h  eggs  ' i n  June  1983  and  the  resu " l  t s  o f  t he  SNK tes t  on
these  va lues .  S i t e  means  (do t s )  t  2  S .  E .  a re  shown .  No te  t ha t  t he
"D i  s t ance "  ax i  s  i  s  no t  t o  i ca l  e .
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PERCENT 0F ALL FEMALES >10 mm AND <13 mm WITH EGGS
JUNE 1983

P60
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+
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+
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J U

20

10

5T: a _ a

* -
t t  -
l \ -

N O a ) t * * a * * * ) k *
- -+ - - -  -+ - -  - -+ -  - - -+ - -  -  -+ -  - - -+ - -  -  -+ - - - -+ - -  -  -+ - - - -+ - - - -+ - -  - -+ - -  __+___  _+____+____+_
450  1 i5  100  79  15 .5  12  6 .5  1 .5  0 .4  i . 5  6 .5  12  18  25  45  65

Nor th .  .  .  D i  s tance  f rom SONGS (  km) .  .  .  Sou th

I  ess  t han  10  an ima l  s  pe r  r ep l  i  ca te
no t  samp l  ed

B
B
B
b

B
B

1  45kmS
3  lBkmS
6  25kmS
4  100kmN
6  115  km N
1  6 .5  km N
1 65 km S

A
A

2 .857
L . O t v
u . t t 6
0.  000
0 .000
0 .  000
0 .  000

Mean  pe rcen tages ,  by  beach ,  o f  f emares  l a rge r  t han  10  mm and  sma l l e r
t i ' an^ . l . 3 -  mm ca rapace  l eng th  w i t h  eggs  i n  June  1993  and  t he  resu l t s  o f
t he  SNK tes t  on  t hese  va lues .  s i t e  means  (do t s )  t  e  s .  r .  a re  shown .
No te  t ha t  t he ' rD i s tance "  ax i s  i s  no t  t o  sc i l e .

STUDENT-NEWMAN-KEULS TEST
SAME LETTER ARE NOT S IGNIF ICANTLY D IFFERENT.

MEAN REPS BEACH

F i  gu re  3 -26b .
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100 +
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C 50+
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L l

Nl
T  40+

I
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3 0 +
I
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20+
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I

10+
I
I

0 + N

PERCENT OFALL FEMALES >i3 mm WiTH EGGS
JULY 1983

- -+ - -  - -+ -  - - -+ - - - -+ - - - -+ - - - -+ - - - -+ -  - - -+ - - - -+ -  - - -+ - - - -+ - - - -+ -  - - -+ - - - -+ - - - -+ - - - -+ -

450  1 i5  100  79  15 .5  r2  6 .5  1 .5  0 .4  i . 5  6 .5  12  18  25  45  65
Nor th .  . .D i s tance  f r om S0NGS ( km) . . .Sou th

I  ess  t han  10  an ima l  s  pe r  r ep l  i ca te
no t  samp l  ed

I+
I

+
I

I
I
?
I
I

I
a
I

-i
t l
tt
t l

* -
x t  -
I \  -

MEANS hJITH

GROU P I NG

STUDENT-NEWMAN-KEULS TEST
THE SAME LETTER ARE NOT S IGNIF ICANTLY D IFFERENT.

MEAN REPS BEACH

R

b
b

A
A
A

n
f'

95  .  079
97 .714
80  .  000
66  .  788
66 .301
7  . 784
4 .+46

4  45kmS
3  18kmS
1  79kmN
3 65 km S
6  25kmS
6  100kmN
6  115  km N

F igu re  3 -27a .  Mean  pe rcen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  13  mm
leng th  w i t h  eggs  i n  Ju l y  1983  and  t he  resu l t s  o f  t he  SNK
these  va lues .  S i t e  means  (do t s )  t .  e  S .  E .  a re  shown .  No te
D i  s t ance i l  ax i  s  i  s  no t  t o  sca l  e .

ca  rapace
tes t  on
tha t  t he

5-6 5
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+
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I

I
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t -
t t l
+ N  J  J  

) K

PERCENT OF

MEANS WITH THE

GROU P I  NG

ALL FEMALES >10 mm AND
JULY 1983

<13 mm WITH EGGS

STUDENT-NEWMAN-KEULS TEST
SAME LETTER ARE NOT SIGNIFICANTLY DiFFERENT.

I+
I

i
i
I

i
+
i

- i
l , f
t l
+i
t l
t -
I

I
t -
a l
t t l
- t l

a a

I
I
a
t l
t l

O l

o

x -

N _

- -+ - - -  -+ - - - -+ -  -  -  -+ - -  - -+ - -  - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - -  -+ -  - - -+ - - -  -+ - - - -+ - -__+____+_
450  115  100  79  15 .5  r2  6 .5  1 .5  0 .4  1 .5  6 .5  72  18  25  45  65

Nor th .  .  .  D i  s tance  f rom SONGS (  km) .  .  .  Sou th

Iess  t han  10  an jma l s  pe r  r ep f  i ca te
no t  samp l  ed

A

b

B
I

I

f-
(^
?

('
('
a

MEAN

87 .472
32.824
29 .031
15 .698
15 .385
B .  905

6 .696
U . O 5 Z

0.446
0 .000
0 .000
0 .000

REPS BEACH

4  45kmS
3  18kmS
4  12kmS
4 65 km S
1  1 .5  km N
6  25kmS
4  12kmN
2  0 .4  km N
6  100kmN
4  1 .5  km S
6  115  km N
4  6 .5  km N
5  6 .5  km S

F igu re  3 -27b .  Mean  pe rcen tages ,  bybeach ,  o f  f ema les  l a rge r  t han  10  mm and  sma l l e r
than^ . i . 3  mm ca rapace  i  eng th  w ' i t h  eggs  i  n  J I l y  1983  and  the  resu  j  l s  o ft he  SNK tes t  on  t hese  va lues .  S i t dheans  (do t s )  t  Z  S .  E .  a re - rho "n .
No te  t ha t  t he r rD i s tance r tax i s  i s  no t  t o  sca le .
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PERCENT 0F ALL FEMALES >13 mm WiTH EGGS
AUGUST 1983

MEAN REPS
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T40
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450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  t 2  18  25  45  65
Nor th . . .D ' i s t ance  f r om SONGS (km) . . .Sou th

I  ess  t han  10  an ima l  s  pe r  r ep l  i ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WiTH THE SAME LETTER ARE NOT S IGNIF ICANTLY D IFFERENT.

) k -

N _

BEACH

45kmS
65kmS
25kmS
450 km N
100  km N
12kmS
6 .5  km N
1 .5  km S
6 .5  km S

GROU P I NG

4
4
6
4
J

4
4
6

96 .753
96 .246
87 .832
87 .444
o a .  a 6 5
24 .903
5 .  699
2 .767
0 .798

A

A
A

l^

n
D
D

B
B
B

f ema les  l a rge r  t han  13  mm ca rapace
and  t he  resu l t s  o f  t he  SNK tes t  on
t  2  S .  E .  a re  shown .  No te  t ha t  t he

F igu re  3 -28a .  Mean  pe rcen tages ,  by  beach ,  o f
l eng th  w i t h  eggs  ' i n  Augus t  1983
these  va l  ues .  S i  t e  means  (do t s )
D ' i  s t ance "  ax i  s  i  s  no t  t o  sca  I  e  .

5-67



PERCENT 0F ALL FEMALES >10 mm AND <i3 mm WITH EGGS
AUGUST 1983
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- -+ - -  - -+ -  - - -+ - - - -+ - - - -+ - - -  -+ - -  -  -+ - - - -+ - - - -+ -  - - -+ - - - -+ - - - -+ -  - -  -+____+____+____+_
450  115  100  79  15 .5  12  6 .5  i . 5  0 .4  1 .5  6 .5  12  18  25  45  65

100

90

80

70

P60
E
n
K
a q n

E
N
T40

30

20

10

Nor th . . .D ' i s t ance  f r om SONGS (km) . . .Sou th

I  ess  t han  10  an ima l  s  pe r  r ep l  i ca te
no t  samp l  ed

) t -

frl =

STUDENT-NEWMAN-KEULS TEST
SAME LETTER ARE NOT SIGNiFICANTLY DIFFERENT.MEANS \l / ITH THE

GROU P I  NG REPS BEACH

4  45kmS
4  25kmS
2  65kmS
1  15 .5  km N
1  100kmN
4  0 .4  km N
4  12kmS
4  i 2kmN
6  6 .5  km N
6  1 .5  km S
6  6 .5  km S
6  450kmN

MEAN

95 .916
/ o . J 6 5
7 4 .828
o t .  f , J d

3 J  . 6 q b

2 I  . 416
13 .989
7 .428
0 .450
0 .266
0 .000
0 .000

A
b

B
r'
n
n

F
T-
F
F
F

F igu re  3 -28b .  Mean  pe rcen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  10  mm and  sma l l e r
t han  13  mm ca rapace  l eng th  w i t h  eggs  i n  Augus t  1983  and  t he  resu l t s
o f  t he  SNK tes t  on  t hese  va lues .  S i t e  me ins  (do t s )  t  Z  S .  E .  a re
shown .  No te  t ha t  t he  , 'D i s tance ' ,  ax i s  . i s  no t  t o  sca le .
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PERCENT 0F ALL FEMALES >7 mm AND <10 mm VJiTH EGGS
AUGUST 1983
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- -+ - - -  -+ - - - -+ - - - -+ - - - -+ -  -  -  -+ - - - -+ - -  -  -+ - - - -+ - - - -+ - - - -+ - - -_+___  _+____+____+____+_
4s0  115  100  79  15 .5  72  6 .5  1 .5  0 .4  1 .5  6 .5  72  18  25  45  65

Nor th .  .  .  D i  s t ance  f r om SONGS (  km) .  .  .  Sou th

I  ess  t han  10  an ima l  s  pe r  r ep l  i  ca te
no t  samp l  ed

STUDENT-NEI iJMAN-KEULS TEST
MEANS WITH THE SAME LETTER ART NOT S IGNIF ICANTLY D IFFERENT.

GROU P I NG BEACH

B

n

D

MEAN REPS

72 .686  4
52 .000  1
33 .351  3
19 .  167  2
12 .612  4
2 .893  4
0 .000  3
0 .000  1
0 .000  6
0 .000  6
0 .000  6
0 .000  2
0 .000  4

45kmS
15 .5  km N
25kmS
65 km S
0 .4  km N
12kmN
1 .5  km S
1 .5  km N
450 km N
6 .5  km N
6 .5  km S
12 km S
79kmN

M e a n  p e r c e n t a g e s ,  b y
t h a n  1 0  m m  c a r a p a c e
o f  t h e  S N K  t e s t  o n
s h o w n .  N o t e  t h a t  t h e

beach ,  o f  f ema les  l a rge r  t han  7
l eng th  w i t h  eggs  i n  Augus t  1983
these  va l  ues .  S ' i t e  means  (do t s )
"D i  s t ance "  ax i  s  ' i s  no t  t o  sca ' l e . '

mm ano
and  the

+ / \

sma l  I  e r
resu l  t s
E .  a re

F i  gu re  3 -28c .
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ALL FEMALES >13 mm WITH
JUNE 1983

SPENT EGG CASESPERCENT OF
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450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  i . s  6 .5  12  18  25  45  65
Nor th .  .  .  D i  s tance  f rom SONGS (  km) .  .  .  Sou th

I  ess  t han  10  an ' ima ' l  s  pe r  r ep f  i ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S IGNIF ICANTLY D IFFERENT.

x -

frl =

3  6 .5  km S
1  6 .5  km N
3  100kmN
4  25kmS
2  115  km N
1  45kmS
2  18kmS
1 65 km S

GROUP ING

i
A
a
I
^
a
U

I

I
f'

MEAN

70 .97 I
46.667
11 .499
8 .978
8 .824
0 .000
0 .000
0 .000

REPS BEACH

Mean  pe rce ,n tages ,  by  beach ,  o f  f ema les  l a rge r  t han  13  mm ca rapace
leng th  w i t h  spen t  egg  cases ' i n  June  i 983  and  t he  resu l t s  o f  t h ;  sNK
tes t  on  t hese  va lues .  s ' i t e  means  (do t s )  t  2  s .  E .  a re  shown .  No te
tha t  t he ' rD i s tance "  ax ' i s  i s  no t  t o  sca le . '

F i gu re  3 -29a .



PERCENT 0F ALL FEMALES >10 mm AND <i3 mm tr/ITH SPENT EGG CASES
JUNE 1983
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Y U
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P60
E
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c50
E
N
T40

5 U

. U
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--*--il--ffi---i;--il 
;--i,--;:-ll;-l:-l:--;:---il---il--;---*--1;

Nor th . . .D i s tance  f r om SONGS (km) . .  .Sou th

I  ess  t han  10  an ' ima l  s  pe r  r ep l  i ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT SIGNiFICANTLY DIFFERENT.

x -

[ =

0  4  100kmN
0  6  115kmN
0  3  lBkmS
0  6  25kmS
0  1  45kmS
0  16 .5kmN
0  i  65kmS

MEAN REPS BEACHGROUPING

A
i

A

A
A
A
A
A

Mean  pe_ rcen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  10  mm and  sma l l e r
t han -  13  mm ca ra -pace  l eng th  w i t h  spen t  egg -cases  ' i n  June  1983  and  t he
resu l t s  o f  t he  SNK tes t  on  t hese  va lues .  S i t e  means  (do t s )  t  Z  S .  E .
a re  shown .  No te  t ha t  t he  "D i s tance r rax i s  i s  no t  t o  sca le .

3 - /  I

F igu re  3 -29b .
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PERCENT 0F ALL FEMALES >13 mm WITH SPENT EGG CASES
JULY 1983
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+N I  *  ) k  ) t  *  *  *  ) r  *  a  J  j  t- -+ - - - -+ - - - -+ - - - -+ -  - -  -+ - - -  -+ -  -  - -+ -  - - -+ - - - -+ - - - -+__ - -+ -  ___+____+_  _  __ f___  _+_  ___+_

450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  t 2  18  25  45  65
Nor th . . .D i s tance  f r om SONGS (km) . . .Sou th

I  ess  t han  10  an ima l  s  pe r  r ep l  i  ca te
no t  samp l  ed

6  115  km N
6  100kmN
4  45kmS
6 25 km S
3 65 km S
3  i 8kmS
1  79kmN

* -
L t  -
t \ -

I
I
I
I
I
I
I
I
I
t
I
t

MEANS WITH

GROU P I NG

A
A
B
B
n
tt
B
B

MEAN

12.107
9 .  166
1  . 389
0 .644
0 .609
0 .542
0  . 000

REPS BEACH

STUDENT-NEWMAN-KEULS TEST
THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

Mean  pe rcen tages ,  by  beach ,  o f  f ema les
leng th  w i t h  spen t  egg  cases  i n  Ju l y  1983
tes t  on  t hese  va ' l ues .  S i  t e  means  (do t s )
t ha t  t he  ' rD i  s t ance "  ax i  s  i  s  no t  t o  sca le . '

i a rge r  t han  13  mm ca rapace
and  t he  resu l t s  o f  t he  SNK
I  2  S .  E .  a re  shown .  No te

F i  gu re  3 -30a .

5-72
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PERCENT 0F ALL FEMALES >10 mm AND <13 mm I^JITH SPENT EGG cAsES
JULY 1983
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o+N , l  J  *  )k  I  :  -  a  5 I  t  t  , l- -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - - * - - - -+ - - - -+ - - - -+ - -__+____+_

450  115  100  79  15 .5  72  6 .5  1 .5  0 .4  1 .5  6 .5  t 2  18  25  45  65
Nor th . . .D i s tance  f r om S0NGS ( km) . . .Sou th

=  l ess  t han  10  an ima l s  pe r  r ep ' l i ca te
=  no t  samp ledN

MEANS WITH

GROUPI NG

,t
n
h

l-
A
I

r'
t:

n
n
L

('
n
?
v-
L
a

MEAN

15 .385
7  .052
3 .  125
1 .8 I2
0 .667
0 .  450
u .  zot l
0.161
0 . r22
0 .103
0 .  000
0 .000
0  .000

REPS BEACH

STUDENT-NEWMAN-KEULS TEST
THE SAME LETTER ARE NOT SIGNiFICANTLY DIFFERENT.

1  1 .5  km N
4  i 2kmN
2  0 .4  km N
4  I . 5  km  S
5  6 .5  km S
6  100kmN
6  25kmS
4  6 .5  km N
6  115  km N
4  45kmS
4  12kmS
3  18kmS
4  65kmS

Mean  pe rcen tages ,  by .beach ,  o f  f ema les  l a rge r  t han  10  mm and  sma l l e r
t han_13  mm ca rapace  I ' eng th  w ' i t h  spen t  egg  c i ses  i n  Ju l y  1983  and  t he
resu l t s  o f  t he  SNK tes t  on  t hese  va lues .  S ' i t e  means  (do t s )  t  2  S .  g .
a re  shown .  No te  t ha t  t he  "D ' i s t anceu  ax i s  i s  no t  t o  sca le .

F igu re  3 -30b .
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0 + -  ) k  *  ) k  ) k  ) k  , r  r (  _  j  I- -+ - - - -+ -  -  - -+ - - - -+ - -  - -+ - -  - -+ -  - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+_  ___+__  __*____+-
450  115  100  79  15 .5  72  6 .5  1 .5  0 .4  1 .5  6 .5  72  18  25  45  65

Nor th .  .  .  D i  s tance  f rom SONGS (  km)  .  .  .Sou th
*  =  l ess  t han  10  an ima l s  pe r  r ep l i ca te
N  =  no t  samp ' l ed

STUDENT-NEWMAN_KEULS TEST
MEANS l , { ITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

GROU P I NG MEAfI\ .REPS BEACH/ \
i

70 .394  ' : 41 .5kmS
63 .002  '  6  6 .5  km S
56 .822  ' 4  

6 .5kmN
44 .172  3  12  km S
13 .539  4  100  km N
4 .964  +  25  km S
2 .026  6  450  km N
1 .503  3  45  km S
1 .311  4  65kmS

I
I
I
\

A
A

a

D
D
D
n
n
L'

M e a n  p e r c e n t a g e s ,  b y  b e a c n ,
l e n g t h  w i t h  s p e n t  e g g  c a s e s
t e s t  o n  t h e s e  v a l  u e s .  S i  t e
t h a t  t h e  " D i s t a n c e i l  a x i s  i s

o f  f ema les  l a rge r  t han  13  mm ca rapace
in  Augus t  1983  and  t he  resu l t s  o f  t he  SNK
means  (do t s )  : .  Z  S .  E .  a re  shown .  No te

no t  t o  sca l  e .

F i  gu re  3 -3 i a .
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450  115  100  79  15 .5  12  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65

Nor th . . .D i s tance  f r om SONGS (km) . . .Sou th

I  ess  t han  10  an jma l  s  pe r  r ep l  i  ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT S iGNIF ICANTLY D IFFERENT.

GROUP I NG
. . .a  

- ' ' -  -  '

,,. ' '" ,t MEAN
,l

,  50 .714
,  45 .000
,  43 .436

? q  A l A

25 .7 I2
18 .  569
15 .385

,  9 .964
: ;  7  . 692

4 .811
'  0 .993
;  0 .000

I+
I

1
I
I
I
Io
I
I

+

t l
+-l
t t l' i o

I
t t

* l"a

x -

i l -
t \  -

B
B
D
n
U

D
n
D
D
D

REPS BEACH

.  4  0 .4  km N
4  12kmS

'4  12kmN
6  1 .5  km S

,6  6 .5  km N
6  6 .5  km S
r1  15 .5  km N
;4  25  km S
l i  1oo  km N
l ^:  I  b 5  K m  )

! 4  45kmS
. i  6  450kmN

Mean  pe rcen tages ,  by  beach ,  o f  f ema les  l a rge r  t han  10  mm and  sma l l e r
t nan  13  mm ca rapace_ leng th  w i t h  spen t  egg  cases ' i n  Augus t  19g3  and
the  resu l t s  o f  t he  SNK i es t  on  t hese  v i l ues .  s i t e  me ins  (do t s )  t _  z
s .  E .  a re  shown .  No te  t ha t  t he r rD ' i s t ance "  ax i s  i s  no t  t o  sca re .

F i  gu re  3 -31b .
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450  115  100  79  15 .5  72  6 .5  1 .5  0 .4  1 .5  6 .5  12  18  25  45  65
Nor th . . .D i s tance  f r om SONGS (km) . . .Sou th

l ess  t han  10  an ima l  s  pe r  r ep l  i ca te
no t  samp l  ed

STUDENT-NEWMAN-KEULS TEST
MEANS IdITH THE SAME LETTER ARE NOT SIGNiFICANTLY DIFFERENT.

GROU P I NG REPS BEACH

7  mm and  sma l l e r
Augus t  1983  and
means  (do t s )  t  Z
to  sca le .

M e a n  p e r c e n t a g e s ,  b y  b e a c h ,  o f  f e m a ' l e s  l a r g e r  t h a n
t h a n  1 0  m m  c a r a p a c e - l e n g t h  w i t h  s p e n t  e g g  - a s e s  i n
t h e  r e s u l t s  o f  t h e  S N K  i e s t  o n  t h e s e  v i i u e s .  S i t e
S .  E .  a r e  s h o w n .  N o t e  t h a t  t h e  r t D . i s t a n c e ' ,  a x i  s  i  s  n o t

A
B
B
B
B
B
B
B
B
B
B
B
B

MEAN

J + .  U O f ,

18.  4 i9
12 .000
11 .779
11 .765
10 .000
6 .741

3 .540
2 .664
0 .565
0 .000
0 .  000

4  0 .4  km N
4  12kmN
1  15 .5  km N
3  1 .5  km S
1  1 .5  km N
2 65 km S
6  6 .5  km N
2  12kmS
6  b .5  km S
4  45kmS
3  25kmS
6  450kmN
4  79kmN

F i  gu re  3 -3  1c  .
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EGGS PER CLUTCH
JUNE 1983

MEAN

3 .511
J .  + 6 0
3.450

( Loc)

REPS BEACH

31  Sou th
1  Near

1  1  No r th

+
i
+
I
I

450 km N No r th Nea  r So  u th

N  =  n o t  s a m p l e d

STUDENT-NEWMAN-KEULS TEST
MEANS WiTH THE SAME LETTER ARE NOT SiGNIFICANTLY DIFFERENT

Leas t  squa re  means  o f  i og  ( x  +  1 )  t r ans fo rmed  number  o f  eggs  pe r  egg
mass  fo r  beach  s i t es  nea r - .  no r th  and  sou th  o f  SONGS tha t  we" ie  samp led
in  June  1983  and  t he  resu l t s  o f  t he  sNK  tes t  on  t hese  va lues .  S i ce
means  (do t s )  t  2  s .  E .  a re  shown .  No te  t ha t  t he  "D i s tance t  ax i s  i s
no t  t o  sca le .

5-77
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EGGS PER CLUTCH (  LOG)
JULY 1983
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STUDENT-NEWMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

?

GROUP ING

i
A

6

b

MEAN

3.107
J . U U 6

REPS BEACH

32  Sou th
24  Near
13  No r th

Leas t  squa re  means  o f  1og  ( x  +  1 )  t r ans fo rmed  number  o f  eggs  pe r  egg
mass  fo r  beach  s ' i t es  nea r - ,  no r th  and  sou th  o f  S0NGS tha t  we" r t  s jmp led
in  Ju l y  1983  and  t he  resu l t s  o f  t he  SNK tes t  on  t hese  v i t ues . - s i t .
means  (do t s )  t  Z  S .  E .  a re  shown .  No te  t ha t  t he  i lD - i s t ance i l  ax i s  i s
no t  t o  sca l  e .

5 -78

F i  gu re  3 -33 .



EGGS PER CLUTCH (LOG)
AUGUST 1983
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3 .5  +
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2 .5  +

+

i
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STUDENT-NElr iMAN-KEULS TEST
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

GROUP ING

So  u th

A

tt
n

MEAN REPS

3 .446  7
{  < h x  \ h

3.100  7
2 .942  30

BEACH

450 km N
Sou th
No r th
Nea r

Leas t  squa re  means  o f  1og  ( x  +  1 )  t r ans fo rmed  number  o f  eggs  pe r  egg
mass  f o r  beach  s i t es  nea r ,  no r t h  and  sou th  o f  SONGS tha t  we re  samp led
in  Augus t  1983  and  t he  resu l t s  o f  t he  SNK tes t  on  t hese  va lues .  S i t e
means  (do t s )  t  2  S .  t .  a re  shown .  No te  t ha t  t he  "D j s tance r rax j s  j s
no t  t o  sca le  

5 -7g

F i  gu re  3 -34 .
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