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A.1  Sor t i ng  S ieve  Ca l i b ra t j . on

Cal ibrat ions were completed for  the four  sets  of  sor t ing s ieves

tha t  were  used  to  l i ve -so r t  sand  c rabs  i n to  s i ze  ca tego r ies .  Eachse t ,

made  up  o f  18  s ieves ,  was  co lo r  coded  b lack ,  b1ue ,  g reen  o r  red .  The

cal ibrat ion procedure involved measur ing animals reta ined on each s ieve

of  a  set  and compar ing the var iab i l i ty  between the s ieves.  The methods

used  fo r  t h i s  p rocedure  a re  d i scussed  be Iow.

Animals co l lected wi th  s leds or  wi th  shovels  dur ing the three

surveys were used for  the ca l ibrat ions.  The animals were sor ted l ive in

the  f i e ld  th rough  the  fou r  se ts  o f  co lo r - coded  s ieves .  An ima ls  re ta ined

on each of  the 18 s ieves compr is ing a s ieve set  were kept  separate,

preserved in  formal in ,  and returned to the laboratory.  A technic ian

randomly se lected f ive preserved animals f rom a ja t  that  corresponded

to  a  co lo r - coded  s ieve  s i ze  and  measured  the  an ima ls .  The  l onges t

carapace length was measured to  the nearest  tenth of  a  mi l l imeter  wi th

ca l i pe rs  (F igu re  A -1 ) .  An ima ls  were  then  re tu rned  to  the  j a r .  Th i s

p rocedure  was  repea ted  fo r  each  s ieve  s i ze  fo r  each  o f  t he  fou r  s ieve

sets.  The ent i re  procedure was independent ly  per formed by f ive

techn ic ians .

The mean length of  an imals reta ined on the 18 s ieves (numbered f ron

20  t o  3 )  f o r  each  s i eve  se t  was  ca l cu la ted  (Tab le  A -1 ) .  A  t o ta l  o f  25

measurements (5 technic ians x  5 measurements)  were used to compute the

mean values.  The number of  observat ions were less than 25 in  three

cases  ( i . e .  b l ue  s i eve  16 ,  b l ue  s i eve  3 ,  and  g reen  s i eve  3 )  because

animals of  those s izes had been damaged dur ing the ca l ibrat ion

procedure,  and there were no animals to  rep lace them.

The d i f ference in  mean carapace length between adjacent  s ieves

ranged  be tween  0 .6  and  L .7  mm w i th  the  fo l l ow ing  excep t i ons .  The

A-1



di f ference in  mean s ize of  an imals reta ined on s ieves L9 and 20 was

greater  than 2 mm for  the green and red s ieves because severa l  ext remely

large ( r23 mrn)  ind iv iduals  were captured on s ieve 20.

Measurements by each technic ian for  each s ieve of  the four  co lor-

coded s ieve sets  were examined us ing a three-way factor ia l  ANOVA (Table

A-2 ) .  The  resu l t s  i nd i ca ted  a  h igh l y  s ign i f i can t  (P  <  0 .000 f )  s ieve

co lo r  by  s ieve  s i ze  i n te rac t i on ,  as  we l l  as  s ieve  co lo r  by  techn ic ian

in te rac t i on ,  bu t  no  s ieve  s i ze  by  techn ic ian  i n te rac t i on .  The

signi f icant  in teract ion term conta in ing co lor  and s ieve s ize ind icates

tha t  es t ima tes  o f  s i ze  o f  sand  c rabs  mus t  t ake  i n to  accoun t  t he  se t  o f

s ieves  used  to  so r t  t hem.

The re lat ionship between animal  s ize and s ieve was examined for

each  s ieve  se t  us ing  l i nea r  reg ress ion  (F ig .  A -2 ) .  The  resu l tan t

equa t ions  fo r  t he  s ieve  se ts  a re  as  fo l l ows :

and

tub

o f

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

Black  s ieves  t  ca rapace  l eng th  ( rnm)  =  .983  ( s ieve  / f )  *  f  . 723 ;

B lue  s i eves ,  ca raPace  l eng th  (mm)  =  1 .036  ( s i eve  l f )  *  t . 379 ;

Green  s i eves ,  ca rapace  l eng th  (mm)  =1 .028  ( s i eve  l f )  *  L .290 ;

Red  s i eves ,  ca rPace  l eng th  (mm)  =  1 .068  ( s i eve  / f )  *  0 .988 .

Wenner 's  (L982)  equat ion wi th  an equiva lence between h is

s i eve )  numbers  (54 ' s  o f  an  i nch )  and  MEC 's  s i eve  numbers  (32 ' s

i nch ) ,  i s  as  f o l l ows :

Ca rapace  l eng th  =  . 526  (2 ) ( t uU i f )  *  1 .0S  ( see  MEC Ju l y  Qua r te r l y  Repo r t ) .

Wenner ' s  equa t i on  i s  mos t  s im i l a r  t o  t he  MEC equa t ion  fo r  red

s ieves .  The  va r ia t i on  i n  s i ze  p red i c ted  by  Wenner ' s  equa t i on  and  MEC's

equa t ion  fo r  t he  red  s ieve  i s  w i th in  th ree  ten ths  o f  a  m i l l ime te r  (Tab1e

A-3 ) .  The  o the r  MEC equa t ions  p led i c t  s i zes  w i th in  0  to  7  ten ths  o f  a

m i l l ime te r ,  depend ing  on  s ieve  s i ze ,  o f  Wenner ' s  equa t i -on .

A-2
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The measurements of  the animals f rom the s ieve ca l ibrat ion

procedure rather  than va lues est imated f rom the regress ion equat ions

were  cons ide red  the  bes t  es t ima to rs  o f  s i ze  fo r  an ima ls  so r ted  w i th  the

s ieve sets .  The means of  the measured lengths of  an imals f rom s ieves of

a co lor-coded set  were incorporated in to the data base establ ishment

p rog ram.  Raw b io log i ca l  da ta  en te red  i n  the  da ta  base  by  s ieve  co lo r  and

sieve number were equated to  the appropr ia te length (mm) dur ing the data

base  es tab l i shmen t .

A .2  Fo l som Sp l i t t e r

The  accu racy  assoc ia ted  w i th  sp l i t t i ng  sand  c rab  samp les  was

inves t i ga ted  fo r  t en  samp les  hav ing  e igh ty  o f  more  c rabs .  Samp les  were

spl i t  in  ha l f  and the number of  crabs (N)  that  were reta ined in  each s ide

o f  t he  sp l i t t e r  was  reco rded .  The  mean  (x ) ,  s tandard  dev ia t i on  (SD) ,

and  coe f f i c i en t  o f  va r i a t i on  (CV =  s / x )  were  ca l cu la ted  (Soka1  and

Roh l f ,  1981 ) .  The  coe f f i c i en ts  o f  va r i a t i on  i n  t he  number  o f  c rabs

be tween  s ides  o f  t he  sp l i t t e r  ranged  f rom 0  to  L67" i  t he  mean

coe f f i c i en t  o f  va r i a t i on  fo r  t he  ten  samp les  was  l ess  than  107"  (Tab le  A -

4 ) .

A-3
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Table A-2.  Resul ts  of  a
da ta .

Source
o f
Var ia t ion

three-way factor ia l ANOVA of s ieve ca l ibrat ion

df SS MS
Co lo r
Sieve
Technician
Co lo r  x  S ieve
Color  x  Technic ian
Sieve x Technic ian
Color  x  Sieve x  Technic ian
Error

*P

3
L7
4

51
L2
68

204
L436

L7 "25
50783 .70

8 .29
171 .50

2 t .53
24 .L8
67  .33

s43 .03

'  s .75
2987 .28

2 .O7
3.35
L .79
0 .36
0 .33
0 .  38

8 .89
4 .74
0 .94
0 .87

0 .  000 l ' k
0 .  0001*
0 .6 ls6
0 .8921
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I
Tab le  A -3 . Compar ison of  carapace lengths (mm) for  each s ieve s ize as

p red ic ted  by  MEC and  Wenner  (L982)  reg ress ion  equa t ions . I
Mean Carapace Length ( lnm)

MEC Equa t ions  fo r  co lo r - coded  s ieve  se ts
Black Blue Green Red

I
Sieve

Wenner '  s
Equa t ion I20

L9
18
L7
L6
15
L4
13
L2
11
10

9
8
7
5
5
4
3

2L.4
20  .4
L9 .4
18  .4
L7 .4
L6  .5
15  .5
L4  "5
13  .5
L2  .5
11 .5
10 .  5

9 .6
8 .6
7 .6
6 .6
5 .7
4 .7

22 .L
2L  "L
20 .0
19  .0
18  .0
16 .9
ls .9
14 .8
13  .8
12 .8
11 .  7
10 .7

9 .7
8 .5
7 .6
6 .6
5 .5
4 .5

21 .8
20 .8
19  .8
18  .8
L7  .7
L5 .7
15 .7
L4 .6
13 .6
L2  .6
11 .  6
10.  s

9.5
8 .5
7 .5
6 .4
5 .4
4 .4

22 .3
2L .3
20  .2
19 .  I
18 .  I
17  .0
15 .9
L4 .9
t3  .7
L2 .7
11 .  7
10 .  5

9 .5
8 .5
7 .4
5 .3
5 .3
4 .2

22 .L
2L  .0
20 .0
18  .9
L7 .9
15  .8
15  .8
L4 .7
L3 .7
L2 .6
11 .  6
10 .5

9 .5
8 .4
7 .4
5 .3
5 .3
4 .2
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I
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I
I
I
I
I
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Table A-4.  The number (N)  of
sand crab samples

SAI,TPLE N(SIDE 1)  N(SIDE 2)

resu l ted  f rom sp l i t t i ng  ten
a  Fo lsom p lank ton  sp l i t t e r .

SD cv (7")

animals that
in  hal f  wi th

MEAN

1
2
3
4
5
6
7
8
9

10

209
70
84

L72
45
38
53
53
60
53

246
81
79

170
35
42
43
51
60
57

227.5
75 .5
81 .5

171 .  0
40.  s
40.0
48 .0
52 .O
60.0
60 .0

26 .L630
7  .77882
3  .5355
L .4L42
6 .3640
2 .8284
7 .07LL
L .4L42
0 .0000
4 .2426

11 .  s002
LO .3022

4 .3381
o .8270

15 .7135
7 .07LL

14 .73L4
2 .7L95
0 .0000
7 .A7LL

mean CV =  1 .4274
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Dorsa l  aspec t  o f
Emer i ta  analoga.
that  was measured

the  tho rac i c  ca rapace  o f  t he  sand  c rab ,
Hor i zon ta l  l i nes  i nd iea te  the  po r t i on
to determine the caraPace length.
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F igu re  A -1 .
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APPENDIX B

FIELD PROTOCOLS
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B. I

l )

S a n d  C r a b  S u r v e y  f  ( I f - f 5  J u n e  f 9 8 3 )

N o t e  b e a c h  c h a r a c t e r i s E i c s  o n
y o u r  b e g i n n L n g /  e o d i n g  s c u d y
s u r v e y  o
B e a c h  l e n g t h  a n d  r r a v e  h e l g h c
i s  E i n e d "  ! { a v e  h e i g h t  1 s
h e i g h t  w h e n  t h e  n a v e s  b r e a k .

f  i e l d  s h e e t .  l l a k e  a  n o t e  o f
s i r e  l a n d m a r k s  o n  t h e  f i r s t

a r e  e s t i m a c e d ;
b a s e d  o n  t h e

w a v e  f r e q u e n c y
t r o u g h  t o  c r e s r

T h e  s c a r t  a n d  e n d  p o l n c s  o f  t h e  s a r n p l t n g  a r e a  s h o u l d  b e  3 0 -
f 0 0  m e t e r s  a w a y  f r o m  a n y  o b s c a c l e  ( p l e r ,  c r e e k  € t c . )  a n d  f 0 0
m  a l r a y  f r o m  t h e  s o u r c e  o f  a n y  b r i g h t  l i g h c s .

2 )  T . I A I T  U N T I T  T H E  S U N  E A S  S E T  A N D  T H E  T I D E  I S  E B B I N G  T h C
e a r l i e s t  p o s s i b l e  s a n p l i n g  t i n e  w i l l  b e  e s t i m a E e d  a t  c h e  l a b
a n d  p r o v i d e d  o n  y o u r  f i e l d  s h e e t .  T h e  f l e l d  l e a d e r  w i l l
w a i t  f o r  t h e  s a n d  c r a b  p a r c h  w i d E . h  E o  c o n t r a c t  t o  l e s s  c h a n
6  m e t e r s  o r  u n t i l  1 . 5  h o u r s  h a v e  e l a p s e d  s i n c e  E h e  e a r l j - e s c
p o s s i b l e  s a m p l i n g  E , i m e .

(  N o t e  :  I f  y o u r
t h e  B e a c h  w a l k
s a m p l e  I o c a t i o n
R a n d o n l y  S e l e c c e d
t e c h n i q u e s .  )

o f  t i m e  b e t w e e n  y o u r  a r r i v a l  a n d
l n  S t e p  3 ,  y o u  s h o u l d  p l a c e  E h e

a t  t h e  p o s i E i o n s  l l s t e  o n  r h e
P o s i t i . o n i n g  s h e e t .  S e e  b e l o w  f  o r

h a v e  I o c s
d e s c r i b e d

s  c a k e  s
S i t e s :

3 )  B E A C H  W A L K  t l a l k  t h e  l e n g c h  o f  E h e  s c u d y  a r e a ,  o n e  p e r s o n
a b o v e  t h e  p a t c h  a r e a ,  t h e  o t h e r  b e l o w  i t ,  r e c o r d i n g  E h e
l o c a t i o n s  a n d  s i z e s  o f  p a t c h e s  o f  s a n d  c r a b s  a n d  r o c k / p e b b l e
p a t c h e s  o n  g r a p h  p a p e r .  T r y  i o  k e e p  t o  E h e  s c a l e  p r o v i d e d
b u t  d o n t r  a t t e m p t  e x c e s s i v e  d e r a l l i n g  w h i c h  m i g h t  c o n s u m e
t i r .  . -

N O T E :  Y o u  a r e  r a k i n g  m e t e r - l o n g  s t r i d e s  E o  k e e p  t r a c k  o f
w h e r e  y o u  a r e  o n  t h e  b e a c h .

R A N D O } I L Y  S E L E C T E D  S I T E S :  P O S I T I O N I N G
C a r r y  y o u r  s i t e  s t a k e s  w h i L e  y o u  a r e  w a l k i n g .  0 n  y o u r  w a y
b a c k  t o  t h e  s E a r t i n g  p o i n t  p l a c e  E h e s e  s c a k e s  a c  t h e  9
p r e s e l e c t e d  s a m p l i n g  s l E e s  a s  a o t e d  o n  y o u r  f i e l d  s h e e t s .
U s e  t h e  " P a c e s  f r o m  5 0 0 "  c o l u m n  E , o  g e E  t h e  n u m b e r  o ' f  P a c e s
to  count  o f  f  f  rom the  end -g i5 !3g
TF =;-o?Tn-EtFtZffis-oaJGTute s tre Ech, reprace it
w i t h  t h e  f i r s E  n u m b e r  f r o m  t h e  l i s c  o f  a d d i t i o n a l  8 i c e s .
A l l  u n a c c e p c a b l e  s i t e s  a r e  r e p l a c e d  a s  E h e y  o c c u r .  T h e  n e w
s i E e  n u m b e r s  a r e  l i s t e d  i n  t h e  " N e w  S l r e "  c o l u m n  o f  g h e
" P o s i t l o n i n g "  s h e e t .
t r l h e n  y o u r  h a v e  9  a c c e p t a b l e  s a n p l i n g  s i t e s ,  r e o r d e r  t h e m ,
s e r i a l l y  f r o m  z e r o  o n  c h e  P o s i t i o n i n g  s h e e t  a n d  r r a n s f e r
c h i s  l i s t  t o  t h e  " R a n d o n l y  S e l e c r e d  S i t e s :  D e s c r i p t i o n "
s h e e t .
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4 )  S A I I P L E  S I T E -  G o  t o  s a r n p l e  s i c e  a n d  d e s c r i b e  i c  f o r  s a n d  c r a b
p a E c h  l e n g c h ,  w i d c h  a n d  p o r c i o n  o f  p a c c h  s a m p l e d  e d g e ,
n i d d l e ,  b e t w e e n  p a t c h r  g i v i n g  d i s c a n c e s  f r o m  E h e  p a c c h
e d g e s .  I f  E h e  s a n d  c r a b s  f o r m  a  c o n c i n u o u s  b a n d ,  s t a c e  s o
a n d  d e s c r i b e  c h e  b a n d  f o r  5  r n e f , e r s  o n  e i . r h e r  s i d e  o f  E h e
t O W .

5 )  S T A R T  S A } l P L I N G  A N I } I A L S
S c a r t  L / 2  m e E , e r  b e l o w  t , h e  l o v  e d g e  o f  p a t , c h  o r  i n  a r e a
e x p o s e d  b y  a  w i c h d r a w n  w a v e  i f  E h e r e  i s  n o  p a E c h  o r  i f  c h e r e
1 s  n o  l o w e r  e d g e  t o  t h e  p a c c h . N o t e :
s p o r a c i c a l l y  o c c u r  d o w n  c o  r r a v e  e d g e ,  t r I
p o i n c  w h e r e  9 O " A  o f  c h e  a n i m a l s  a r e  h i g h e r  o n
u s e  t h a t  b o u n d a r y  a s  y o u r  l o w e r  e d g e .

T o w  E o w a r d s  E h e  b e r m  f o r  t h e  l e n g t h  o f  t h e  n e t .

P u l l  t h e  s l e d  a s  q u i c k l y  a s  y o u  c a n  w L r h o u r  p u l l i n g  E h e  s l e d
o u E  o f  c h e  s a n d .  T h e  s a n d  w 1 l l  c l o g  c h e  m o u E h  o t  E h e
s a m p l e r  w h e n  t h e  t o w  i s  c o m p l e c e .

i f  a n i m a l s
t o  d e f i n e  c h e

c h e  b e a c h  a n d

I f  t h e  b a n d  i s  w i d e r  r h a n
b e  c a k e n .  T h i a  E o w  w i l l
f l r s c  E , o e r  e n d e d  ( p l a n r
s p o t  a f c e r  t h e  f i r s c  c o w )
b e a c h  f  r o u  t h a E  t o e r  l l n e .
o f  c h e  s e c o n d  E o e r .

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

y o u r  s l e d  i n  t h e  s a n d  E o
a c  l e a s t  2  m e c e r s  u p  o r

M e a s u r e  a n d  r e c o r d  t h e

c o w  l t r u s c
w h e r e  t h e

n a r k  E h e
d o w n  c h e

d i s  t a . n c e

u i  n l m i  z  e

6 )

N e v e r  w a l k  o n  t h e  a r e a  y o u
f r E r a o u n t .  o f  l l g h c  s h o n e  o n

R i n s e  s a n d  o u t  o f  u h e  b a g  a n d
L e a v e  s t a k e  a E  s a m p l i n g  s i t e .

TAKE CHEI" I ISTRY SA}TPLES THREE
T h e s e  s i s e s  w i l l .  b e  n o t e d  o n
( T h e  n l n e  c o s r  s l t e s  h a v e  b e e n
t h r e e  t h r e e  " t r i a d s " .  T h e r e
o f  t h e s e  c r l a d s .  )

a r e  a b o u E  C o  s a m p l e  a n d
r h i s  3 ! € a .

t a k e  b a g e  w i t h  y o u .

P R E D E T E R M I N E D  T O I . '  S I T E S  O N L I
y o u r  " S d n p I i n g "  f i e l d  s h e e t s .

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

A )  S a n d  s a m p l e s -  r a k e n  f r o m  n l d - c o l r  a r e a ,  o n e m e c e r  a w a y

(  a s  c o r e s  ) .

t
I
I
I
T
I
T

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

B e a c h  n a m e
D a c e
S i c e  l e t r e r
S a m p l e  t y p e

p l a c e  s a m p l e

U s e  g l a s s  b o t
T h e s e  s a m p l e s

c u p s  t o  t a k e  F O U R  s a n d  s a m p l e s
o u t s l d e  o f  c u p f E a  c a p s  w l t h :

i n  l c e  c h e s r

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

L a b e l  a s  a b o v e .
f i r s t  s u r v e y .
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7 )

8 )

B )  W a v e - w a s h  s a m p l e s  -  t h e s e  s a m p l e s  w i l l  b e  t a k e n  a f c e r  y o u
h a v e  p r o c e s s e d  t h e  a n i m a l  s a u p l e s .  D i r e c E i o n s  w i l l  b e  g i v e n
i n  t h i s  p r o c o c o l .

D e s c r i b e  e a c h  s a m p l e  s i t e  a r e a  f o t  l )  b e a c h  w l d c h  ( e s t i n a s e d )
Z )  b e a c h  s l o p e  ( m e a s u r e d  w i t h  l e v e l  l i n e )  -  i f  b e a c h  h a s  t w o
d i s t i n c t  s l o p e s  m e a s u r e  b o t h  o f  c h e m  3 )  c o b b l e  o n  c h e  r t e t
s a n d ,  i n  t h e  w a v e  b r e a k  a n d  l n  k n e e - d e e p  w a t , e r  ( o u c g o i n g
! ' t a v e  )  a n d  4 )  t e m p e r a . E u r e  o f  w a f , e r  i n  k n e e - d e e p  w a c e r
( o u c g o l n g  w a v e  ) .

P r o c e e d  t o  a n i m a l  p r o c e s s i n g  a r e a .  G e t  s i e v e s  a n d  j a r s
f r o a l  E r u c k  w h i l e  y o u  a r e  a t  t h e  t r u c k  p u t  o n  d r y  i c e  t h o s e
c h e u i s t r y  s a m p l e s  w h i c h  r e q u i r e  f r e e z i r r g .

P R O C E S S  A N I I ' I A L S  T T I R O U G H  S I E V E S  2 0  3
E a c h  s i t e  i s  p r o c e s s e d  s e p a r a t e l y .
T h e r e  a r e  n o  b u c k e c s  I  a n d  2 .
S t a c k  b u c k e c s  s e q u e n t i a l l y ,  # 2 A  ( l a r g e s t  h o l e s )
S i e v e  a n i n a l s .
F i l l  i n  z e r o  c o u n t s  o n  S a n d
F i 1 1  1 n  c o u n E s  f o r  b u c k F

C r a b I a I l y S h e e t  -

A n i m a l s  f r o m  a l l  b u c k e t s  w i l l  b e  p r e s e r v e d  s e P a r a t e l y  b y
b u c k e t  i u  g l a s s  J a r s  a n d  r e t u r n e d  t o  t h e  l a b o r a t o r y .  U s e
l a b e l s  p r e p a r e d  l n  l a b .  P r e p a r e  E h e  L O 7 "  F o r m a l i n  s o l u t i o n  a t
y o u r  p r o c e s s i n g  a r e a  b y  p o u r i n g  h a l f  o f  t h e  F o r m a l i n  ( i n  t h e
o n e  g a l l o n  c a r b o y  )  i n t o  t h e  5  g a l J . o n  c a r b o y  t h e n  f  t . 1 1 i n g  t h e
5  E a l l o n  c a r b o y  s l c h  s e a  e r a c e r .

U s i n g  r h e  " s a n d  c r a b  t a l l y  s h e e t "  k e e p  t r a c k  o f  c h e  n u m b e r
o f  i n d i v l d u a l s  p r e s e r v e d  f r o m  b u c k e t s  l I - 2 0 .  W e  w a n t  t o  e n d
u p  w i c h  a E  l e a s t  3 0 0  o f  f h e s e  l n d i v i d u a l s  P r e s e r v e d  f r o m
t h e  e n t l r e  b e a c h ;  a c  l e a s t  o n e  h u n d r e d  f r o m  e a c h  o f  t h e
E h r e e - s i t e  E , r i a d s .
I f  n o t ,  e n o u g h  a n l m a l s  w e r e  s a m p l e d ,  r e t u r n  t o  s l c e  a r e a s
( i . e . ,  t r i a d )  r b a r  p r o v i d g  1 o v  n u m b e r s  a n d  d i g  f o r  D o r e
a n i m a l s .  S c r e e n  t h e s e  a n i m a l s  t h r o u g h  b u c k  # l l  a n d  P r e s e r v e
e a c h  t r l a d  a r e a  s e p a r a c e l y  f r o m  c h e  t o w e d  s a m p l e s .

L I V E  A N I } T A L S
F r o n  e a c h  t h r e e - s i t e  t r i a d  a r e a  l t e  r t a n c  3 0  f e m a l e s
( a p p r o x l m a t e l y  c e n  p e r  t o n  s l E e )  w l t h  b r l g h c  o r a n g e  e g g s
f r o u  b u c k e t s  l l - 1 5  b r o u g h c  b a c k  a l l v e .  G o  E o  t h e  f i r s t
a r e a ,  f i n d  a  p a t c h  o f  l a r g e  a n i m a l s ,  g e n t l y  s h o v e l  t h e n  o u t '
s c r e e n  t h e  s h o v e t f u l  t h r o u g h  b u c k e t s  l 6  ( t o p )  a n d  I l
(  b o t t o r u ) .  S e l e c t  f  o r  s m a l l e r  l n d l v l . d u a l s .

W h e n  y o u  h a v e  3 0  u n d a m a g e d  f e m a l e s  w i c h  o r a n g e  e g g s '  p l a c e
t h e m  i n  a  r r e t  l a u n d r y  b a g  a n d  f i l l  o u E  t h e  r e d  I . D .  E a g  w l t h
B e a c h ,  T r i a d  A r e a  a n d  S a n p l e  T i m e .  G e n r l y  s t o n  t h i s  b a g  l n
o n e  o f  E h e  " L i v e "  c o n E a l n e r s  p r o v i d e d  f o r  t h i s  u s e a g e  a n d
t h i s  u s e a g e  o n l y . P r o c e e d  t o  n e x t . t r i - a d  a r e a  a n d  f l n d
t h r i E y  m o r e  f e m a l e s  a s  a b o v e .
D o  s a m e  f o r  c h i r d  t r i a d  a r e a .

o n  t h e  t o p .

p  r e  s e  r v e d
I  I - 20 .
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I O )  T A K E  W A V E  T J A S T I  S A } I P L E S  A N D  P R O C E S S  T H E } I

S e s t o n  s a m p l e  t a k i n g :
l )  F i I l  t h e  l a r g e r  r € c c a n g u l a r  o p a q u e  b o c t * l - e  w i c h  o c e a n

e t a c e r  f r o m  s l a c k  e r a e r  t , h a c  i s  a p p r o x .  o n e  f o o c  d e e p .
2 )  A l l o w  s a n d  i n  I a r g e  b o t c l e  E o  s e t t l e  f o r  3 0  s e c o n d s

b e f o r e  c a r e f u l l y  d e c a n E i d g  w a E e r  i n u o  s m a l l e r  " E r i a d  b o c c I e " .
F i l l  t o  o v e r f l o w i n g .

3  )  R i n s e  l a r g e  b o c r l e  . a n d  r e p e a c  p r o c e d u r e  f o r  e a c h  o f  n e x t ,
E o w  E r i a i q .

4 )  F i 1 1  l a r g e  b o c c l e  f r o m  a n y w h e r e  a l o n g  c h e  s c u d y  b e a c h .
5 )  S n a l l e r  b o t t l e s  w l l l  b e  f i l t e r e d  i n  t h e  f i e l d .  L a r g e

b o c t l e  w i l l  b e  c h i l l e d  a n d  n o t  f i l c e r e d .

C h l o r o p h y l l  s a m p l e  c a k i n g :
I  )  F 1 1 1  t t d o  s c i n t l l l a r l o n  v i a l s  m a r k e d  " S a n p 1  I  ( A ,  F  o r  H )  "

a n d  " S a r n p  2  ( A ,  F  o r  I l )  "  t o  t h e  t o p  f  r o m  s l a c k  n a E e r  a p p r o x .  o n e
f o o t  i n  d e p t h .  C a p  t h e  v i a l s .

2 )  B o c h  s a r n p l e s  f r o n  e a c h  c r i a d  w i l l  b e  c o m b i n e d  t o  b e
f i l c e r e d  a s  o n e .

3 )  T h e  c h l o r o p h y l l / p h a e o p h y c i n  s a n p l e  w i l l  b e  f i l t e r e d  a f E e r
E h e  s e s f , o n  s a m p l e .

S E S T O N  F l l t e r i n g  i n  t h e  F i e l d :
I  )  O s e  a  p r e l r e i g h e d  G F C  F i l c e r  i n  a  n u m b e r e d  p e E , r i  d i s h  f  o r

t h e  s e s c o n  f i l t e r i n g .
2 )  R e m o v e  t h e  c o p  p i e c e  o f  t h e  f i l r e r  h o l d e r .
3 )  W e c  c h e  g l a s s  f r i t  w i t h  d i s c i l l e d  w a c e r .
4 )  N o t e  E h e  n u m b e r  o n  t h e  p e c r i  d l s h  i n  t h e  l o g  a n d  r e m o v e

c h e  G F C  f i l c e r  t o  c h e  w e c t e d  f r i r  w i c h  E h e  f l a t  b l a d e d  l t i l l i p o r e
f o r c e p s .  D o  n o c  t o u c h  t h e  f i l t e r  w i t h  y o u r  h a n d s !

5 ) BFcTiiEfffi; ?6IE-ET6 ffieilaiEFacuum and clamp
o r  s c r e w  o n  t h e  t o p  p a r c  o f  t h e  f l l r e r  h o l d e r .

6 )  F i l c e r  t h e  c o o t e n E s  o f  b o t c l e  l l L  w i E h  v a c u u m  l e s s  t h a n  f 5
i n c e s  H g .  B o t r l e  # l  h o l d s  2 0 0  m l .  a n d  E , h e  f  i l t e r i n g  a p p a r a E , u s
d o e s  n o c .  B E  C A R E F U L  w h e n  p o u r i n g  t h e  s a m p l e  i n c o  c h e  f i l s e r
h o l d e r .  S w i . r l  c h e  c o a c e n E s  p r l o r  E o  p o u r l n g  c h e  l a s t  o f  c h e
s a n p l e  l r a E e r  i n c o  c h e  f i l t e r  h o l d e r .

7 )  T u r n  p u n p  o f f  a n d  b r e a k  t h e  v a c u u m .  R e e s c a b l l s h  s e c u p .
8 )  A d d  2 . 5 - 5 . 0  m l .  d i s t i l l e d  l r a t e r  t o  r i n s e  t h e  f i l t e r ,

b r i e f l y  a p p l y  s u c t i o n  c o  r e m o v e  e x c e s s  w a t € 8 .  R e p e a E .

t h e
o f f

9 )  W t c h  t h e  s u c t i o n  o R ,  r e m o v e  t h e  f i l c e r  f u n n e l  a n d  r i n s e
e d g e  o f  E h e  f i l c e r  w i c h  a  f e w  d r o p s  o f  d i s t i l l e d  l t a t e r .  S u c k
e x c e s s  w a c e r .

f O )  B r e a k
b l a d e d  H l l l l . o o r e
c a n e  f r o m .

P r o  E e  c  t ,  t ,  h e  v a c u u E  P u u p a  .
S a v e  t h e  l a s c  f l a s k  i c
FiG"

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

f f )  P e t r i  d i s h  g o e s  i n t o  a  Z L p L o c  b a g  a n d  o n t o  d r y  i c e .

N O T E :  I o u  h a v e  o n l y  o n e  E p a r e  p r e s t e t g h e d  f i l t e r .
I I I P O R T A N T :  T h e  v a c u u m  s y s t e n  d o e s  n o u  h a v e  a  w a c e r  t r a p  c o

E n p t y  E h e  f l a s k s  a f t e r  e a c h  f i l c e r i n g .
w l 1 l  b e  u s e d  f o r  r h e  c h l o r o p h y l l  f i l t e r
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C H L O R O P I Y L L /  P H A E O P H Y T I T {  F I L T E R I N G  I T ' I  T E E  F I I i L D

I )  E a c h  c h .  s a m p l e  c o n s i s t s  o f  2  s c i n t i l l a t l o n  v i a l s  o f  s e a
h r a t e r  ( a p p r o x .  5 0  n l .  )  l a b e l l e d  " S a n p l  I  ( A ,  H  o r  F )  "  a n d  " S a n p  2
( A ,  H  o r  l ' ) " .

2 )  R e m o v e  t h e  f i l r e r  f u n n e l  a n d  w e E  E h e  g l a s s  f r i t
( d i s r i l l e d  w a t e r ) .

3  )  I , I I L L I P O R E  A A  m e m b r a n e  f  l l t e r s  w i l l  b e  u s e d  f  o r  t h e  c h l .
s a m p l e s .  E a c h  f i l t e r  i s  b e E w e e n  t a r o  b l u e  w a x  p a p e r s .  R e m o v e  t h e
w h i t e  n e m b r a n e  f i l t e r  a n d  e e n t e r  i t  o n  E h e  w e t t e d  g l a s s  f r i t .
T h e  b l u e  w a x  p a p e r  w i l l  c u r l  u p  a s  i t  i s  w e c t e d  a n d  c a n  b e
r e m o v e d .  B e  s u r e  t h a t  t h e r e  i s  n o  b l u s  w a x e d  p a p e r  w h e n  y o u  a r e
t r y i n g  t o  t l T t f f

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

5 )  F l l t e r  w a t e r  f r o m  b o c h  s c l n t l l l a t i o n  b o t t l e s  ( f  &  2 )  f r o m
c h e  c h e m i s c r y  t r i a d  u s i n g  a  v a c u u m  l e s s  t h a n  l 5  i n c h e s  o f  H g .

6 )  R i n s e  t h e  f u n n e l  w i c h  2 - 5  m l .  o f  t h e  F I L T E R E D  S E A  W A T E R
F R O M  ? H E  S E S T O N  P R O C E D U R E  o r  d o  n o t  r i n s e  a f  a l l .  D O  N O T  u s e
d i s t i l l e d  w a t € r .

7 >  S u c t i . o n  o f f  e x c e s s  l r a c e r .  k e n o v e  t h e  f i l t e r  f u n n e l  a n d
b r e a k  t h e  v a c u u m .

8 )  R e m o v e  r h e  f i l c e r  t o  E h e  a p p r o p r i a t e  p r e l a b e l l e d
s c i n c i l l a t i . o n  v i a l  w h i c h  c o n c a i n s  f  0  m l  .  o f  a c e E o n e .  S e c u r e  t , h e
c a p r  s h a k e  c h e  v i a l  a n d  p l a c e  c h e  v i a l  i n  t h e  d r y  i c e  c o o l e r .

I I . I P O R T A N T :  A s  m u c h  a E  i s  p r a c E i c a l ,
r e d u c e d  l l g h t  E h r o u g h o u t  i t s  - h a n d l l n g .

k e e p  t h e s  a m p  I e I N

l I )  R e E u r n  t o  r r u c k  w i t h  t h e  s a m p l e s  f 1 r s t .
F 1 1 1  a  " l i v e "  c a r b o y  w i c h  s e a w a t e r  t o  b e  b r o u g h t  b a c k

1 a b .
R l n s e  t h e  g e a r  t o  a E  l e a s t  r e m o v e  e x c e s s  s a n d .

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

I f  t h e r e  i s

K E E P  T H E  L I V E  A N I I " I A L S  A S  F A R  A W A Y  F R O M  T H E  P R E S E R V E D  S A I ' I P L E S
A N D  T I I E  P R E S E R V A T I  V E  A S  P O S S  I B L E .



r)

8 . 2  S a n d  C r a b  S u r v e y  2  ( 3 O  J u n e - 3  J u l y  1 9 8 3 )

N o t e  d e p a r E u r e  t l m e  u n d e r  " s u r v e y  D u r a t l o n " .
N o c e  b e a c h  c h a r a c t e r i s c i c s  o n  f i e l d  s h e e c .  U s e  t h e
b e g i n n i n g / e n d i n g  s c u d y  s i c e  l a n d n a r k s  a s  d e f i n e d  o n  t h e
f i r s E  s u r v e y .
W a v e  h e l g h t  i s  e s E , l m a t e d ;  w a v e  f r e q u e n c y  i s  c i n e d .  W a v e
h e l g h t  i s  b a s e d  o n  C h e  C r o u g h  E o  c r e s t  h e i g h C  w h e n  t h e  e t a v e s
b r e a k .

( T h e  s t a r t  a n d  e n d  p o i n t s  o f  c h e  s a m P l i n g  a r e a  s h o u l d  b e  3 0 -
1 0 0  m e E e r s  a w a y  f r o m  a n y  o b s c a c l e  ( p i e r ,  c r e e k  e E c . )  a n d  f 0 0
m  a w a y  f r o m  t h e  s o u r c e  o f  a n y  b r i g h t  l i g h t s . )

2 )  W A I T  U N T I L  T H E  S U N  H A S  S E T  E h e  e a r l i e s t  p o s s i . b l e  s a n p l i n g
r i . m e  w i l l  b e  e s r l m a c e d  a r  E h e  l a b  a n d  p r o v i d e d  o n  y o u r  f i e l d
s h e e t .  T h e  f i e l d  l e a d e r  c a n  w a l t  f o r  c h e  s a n d  c r a b  p a t c h
w l d C h  E o  c o n E r a c C  t o  l e s s  t , h a n  6  m e t e r s  o r  u n E i l  1 . 5  h o u r s
h a v e  e l a p s e d  s i n c e  t h e  e a r l i e s t  p o s s i b l e  s a m p l i n g  t l m e .

3 ) B E A C H  W A L K  i { a l k  r h e  l e n g t h  o f  t
a b o v e  t h e  p a t c h  a r e a ,  t h e  o E h e r
l o c a t i o n s  a n d  s i z e s  o f  p a E c h e s  o f
p a t , c h e s .

h e  s c u d y  a r e a r  o n e  P e r s o n
b e l o w  i E ,  r e c o r d i n g  c h e
s a n d  c r a b s  a n d  r o c k / p e b b l e

N O T E :  t o u  a r e  u a k l n g  B e E e r - l o n g  s t r i d e s  t o  k e e p  E r a c k
w h e r e  y o u  a r e  o n  t h e  b e a c h . )

E a c h  n e s  p a c c h  b e g i n s  a  n e w  l i n e  o n  c h e  B E A C I I W A L K  s h e e t -

R A N D O U L Y  S E L E C T E D  S I T E S :  P O S I T I O N I N G
C a r r y  y o u r  s i c e  s a a k e s  w h i l e  y o u  a r e  w a l k i n g .  I l a r k  c h e
p a C c h e s  a s  y o u  e n c o u n E e r  t h e m  o n  y o u r  b e a c h w a l k  i f  t , h e r e  a r e
o n l y  a  f e w  p a c c h e s  o n  y o u r  b e a c h .
W h e n  y o u  a r e  t h r o u g h  w i t h  y o u r  b e a c h w a l k  c a l l y  u p  c h e  n u m b e r
o f  p a t c h e s  a n d  i . n E e r p a t c h e s  i . n  y o u r  s t u d y  € l ! € 8 .
I f  E h e r e  a r e  f l v e  o r  m o r e .  p a c c h e s  o n  t h e  b e a c h '  u s e  y o u r
?ind6E--?uil'5-e rE-u'rit6lEr;Affiur-paFn-e s out of t he to ra I
a v a i l a b l e  a n d  c h e n  t r r o  n o n - c o b b l e  l n c e r P a t c h e s  o u c  o f  E h e
t o c a l  a v a l l a b l e  f o r  s a n p l l n g .
I f  E h e r e  a r e  f o u r  p a t c h e s ,  s a m p l e  a 1 l  f o u r  a n d
GreE;-Eo ff ieTfficIff i f or sampling.
I f  t h e r e  a r e  l e s s  t  h a n  f o u r  p a t c h e s ,  r e f e r
6-n t liffi-c yEo'Fr a g rii-?o rG?t f6li-o .-
T o  u s e  t h e  r a n d o m  n u m b e r  t a b l e :  m a k e  a  b l l n d  s c a b  a E  E h e
U a b l e  t o  s e I e c E  y o u r  f l r s t  n u m b e r - G h e  d i g i C s  a C  s h e  r i g h t
e n d  o f  t h e  b l o c k  a r e  C h e  o n e s  y o u  a r e  i n C e r e s t e d  l n .  W o r k
y o u r  w a y  d o w n  E h e  c o l u m n ,  k e e p i n g  c h e  n u m b e r s  t h a c  f a l l
b e t , w e e n  o n e  a n d  E h e  m a x l m u m  a l l o w a b l e  ( a s  d e f i n e d  e l C h e r  b y
E h e  n u m b e r  o f  p a t c h e s  o r  C h e  n u m b e r  o f  i n g e r P a g c h e s . )  F o r
e x a m p l e :  t h e r e  a r e  2 5  p a t c h e s  o n  E h e  b e a c h ,  y o u r  f i n g e r  e n d s
u p  o n  " 4 1 4 4 8 " ,  4 8  i s  t o o  l a r g e ,  c h e  n e x E  n u m b e r  i . s  " 9 2 7 L 7 " ,

a n d  L l  i s  a c c e p t a b l e ,  n e x r  1 s  " 9 2 3 L 2 " ,  a n d  L Z  1 s  a c c e p c a b l e '
a s  i . s  0 5  f r o m  - 6 3 f 0 5 '  a n d  l l  f r o n  " 6 6 7 l l " .

o f

r a n d o m l y

t o  C h e

B-6
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S A M P L E  S I T E -  G o  t o  s a n p l e  s l t e  a n d  i f  E h e  p a t c h  h a s  c h a n g e d
d l r a e n s i o r r a  n o t i c e a b l y  s i n c e  t h e  n a p p i n g ,  p a c e  t h e  l e n g c h  o f
t h e  p a t c h  ( o r  i n t e r p a E c h ) .  U s i n g  t h e  r a n d o m  n u m b e r  c a b l e
a n d  t h e  l e n g t h  ( n u n b e r  o f  p a c e s  a s  y o u r  m a x i m u m  n u m b e r  ) ,
s e l e c t  E h e  p o s l t i o n  L n  t h e  p a r c h  ( o r  i n c e r p a t c h )  t o  b e
t o w e d .  Y o u  m u s c  b e  a E .  l e a s E  o n e  p a c e  a w e y  f r o m  t h e  e d g e  o f
y o u r  p a t c h  ( o r  i n c e r p a t c h ) . D e s c r i b e  t h e  p a t c h  ( o r
i n t e r p a c c h )  f o r  l e n g c . h ,  w l d r h  a n d  p o r E i o n  o f  p a r c h  ( o r
l n t e r p a t c h )  s a m p l e d  i n  p a c e s  f r o m  t h e  e d g e .  I f  r h e  s a n d
c r a b s  f o r m  a  c o n t i n u o u s  b a n d ,  s t a E e  a o  a n d  d e s c r i b e  t h e  b a n d
f o r  5  m e t e r s  o n  e i t h e r  6 i d e  o f  E h e  t o w .

5  )  START SA}TPLING ANIMALS
S t a r E  L / 2  m e t e r  b e l o w  c h e  l o w  e d g e  o f  p a c c h  o r  i n  a r e a
e x p o s e d  b y  a  w l c h d r a w n  w a v e  i f  t h e r e  i s  n o  p a t c h  o r  i f  t h e r e
i s  n o  I o w e r  e d g e  f , o  c h e  p a t c h . N o t e :  i f  a n i m a l s
s p o r a t i c a l l y  o c c u r  d o w n  t . o  r i r a v e  e d g e ,  t r I  t o  d e f  i n e  t h e
p o i n t  w h e r e  9 0 7 "  o f  t h e  a n i m a l s  a r e  h i g h e r  o n  c h e  b e a c h  a n d
u s e  t h a t  b o u n d a r y  a s  y o u r  l o w e r  e d g e .

T o w  t o w a r d s  c h e  b e r m  f o r  t h e  l e n g r h  o f  c h e  r r € ! .

P u l l  t h e  s l e d  a s  q u i c k l y  a s  y o u  c a n
o u t  o f  c h e  s a n d  a n d  w i t h o u t  j e r k i n g
c l o g  c h e  m o u c h  o f  t h e  s a m p l e r  w h e n
P a e e  o f f  t h e  l e n g c h  o f  t h e  r o w  a n d
L / 2  m e t , e r .

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

t h e  t o w  i s  c o r n p l e t e .
r e c o r d  i t  t o  E h e  n e a r e s t

I f  r h e  b a n d  i s  w i d e r  c h a n
b e  t a k e n .  T h i s  t o h r  w i l l
f i r s t  t o w  e n d e d  ( p l a n t
g p o c  a f t e r  t h e  f i r s r  t o w )
b e a c h  f r o n  t h a t  t o n  l i n e .
o f  t h e  s e c o n d  t o w .

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

y o u r  s l e d  i n  t h e  s a n d  t o  m a r k  t h e
a E  l e a s t  2  m e E e r s  u p  o r  d o w n  t h e

l l e a s u r e  a n d  r e c o r d  t n e  d l s t a n c e

T t e  o f f  t h e  o p e n  e n d  o f  t h e  s a n d  c r a b  n e t  a n d  s t a k e  i t
o n  t h e  b e a c h ,  w h e r e  i t  n o n t t  g e t  w a s h e d  a w a y .

h i g h

b n  t h e  a r e a  y o u  a r e  a b o u c  c o  s a m p l e  a n d  m i n i m i z e
o f  l i g h t  s h o n e  o n  t h i s  8 F € B r

T a k e  t h e  s a n d  c h e m l s t r y  s a m p l e s

N e v e r  w a l k
t h e  a m o u n t

A )  S a n d  s a m p l e s -  t a k e n  f r o m  m 1 d - t o w  a r e a ,  L / 2
f r o m  t o w  l l n e .

U s e  s p e c i m e n  c u p s  t o  c a k e  F O U R  s a n d  s a m p l e s
T h e  s a m p l e  c o n t a i n e r s  s h o u l d  E E - ! ' r e l a b e l l e d  f o r

C a p  a n d  l a b e l  o u t s i d e  o f  c u p s  a n d  c a p s  r t i t h :
B e a c h  c o d e  n u m b e r
D a t e
S i t e  l e r t e r
S a m p l e  .  r y p e

p  l a c e  s a m p l e  i . n  i c e  c h e s t

me Ee r  ah tay

( a s  c o r e s ) .
y o u ,  i f  n o c :



U s e  g l a s s  s c i n c i . l l a t i o n  b o t t l e  f o r
a s  a b o v e .

B )  [ J a v e - w a s h  s a m p l e s  t h e s e  s a m p l e
h a v e  p r o c e s s e d  c h e  a n i n a l  s a m p l e s .
l a c e r  1 n  t h i s  p r o t o c o l .

O N E  s a n d  s a m p l e .  L a b e l

s  w i l l  b e  E a k e n  a f  t e r  y o u
D i r e c E i o n s  w i l l  b e  g i v e n

6  )  I F  Y O U  A R E  S A I I P L I N G  A  P A T C H :  F i l 1  E s r o  l a u n d r y  b a g s  t t l c h  s a n d
f r o u  c h e  p a t c h  y o u  j u s c  s a m p l e d - y o u  a r e  a f c e r  r u o r e  a n i m a l s .
S h o v e l  e q u a l  a m o u n t s  o f  s a n d  f r o m  l o w ,  n r i d  a n d  h i g h  a r e a s  o f
t h e  P a t c h .

R l n s e  t , h e  b a g  a n d  c h e c k .  I f  t h e r e  a r e  a p p r o x l m a t e l y  2 0 0
s a n d  c r a b s  ( l n c l u d i n g  a E  l e a s t  4 0  l a r g e r  a n i n a l s )  f r o m  b o c h
b a g s  c o r n b i n e d ,  y o u  t  r e  o k a y .  I f  y o u  n e e d  m o r e  a n i - m a l s ,  s h o v e l
m o r e  s a n d .  K e e p  a  r e c o r d  o f  c h e  n u m b e r  o f  s a n d  b a g s  y o u
f i l l e d  E o  g e E  c h e  e x t r a  a n i m a l s .

7 )  A f t e r  y o u  h a v e  s a m p l e d  a 1 l  s i x  s i t e s  f o r  a n i m a l s  a n d  s a n d ,
r e t u r n  t o  e a c h  t o  d e s c r i b e  e a c h  s a m p l e  s i t e  a r e a  f o r  I  )
b e a c h  w i d t h  ( e s E i m a c e d )  2 )  b e a c h  s l o p e  ( r n e a s u r e d  l r t i E h  l e v e l
l i n e )  -  i f  b e a c h  h a s  E w o  d l s t i n c t  s l o p e s  m e a s u r e  b o c h  o f
t h e m  3  )  c o b b l e  o n  r h e  r r e t  s a n d ,  i n  E h e  t t a v e  b r e a k  a n d  i n
k n e e - d e e p  l r a E e r  ( o u t g o i n g  w a v e )  a n d  4 )  E e u p e r a c u r e  o f  w a t e r
1 n  k n e e - d e e p  n a c e r  ( o u t g o i n g  w a v e ) .

T a k e  c h e  w a v e - w a s h  s a m p l e s  a t  e a c h  s i t e .
F i l I  o n e  b r o w n  p l a s t i c  b o t t l e  a n d  t l t o  s c i u t i l l a t l o n  v i a l s
w i t h  w a t e r  f r o m  a  " s e t t l i n g "  c o n E a i n e r .  T h e  s e t t , I i n g
c o n E a i n e r  i s  a  g r a d u a t e d  c y l i n d e r .  F i l l  E h e  c y l l n d e r  d u r i n g
s l a c k  w a t , e r  -  a f c e r  c h e  e r a v e  h a s  c o m e  i n  a n d  b e f o r e  i t  g o e s
o u t .  C o u n t  E o  3 0  s e c o n d s  f o r  s e E t l i n g  b e f o r e  p o u r i n g
c o n E e n t s  i . n E o  s e s c o n  a n d  c h l o r o p h y l l  c o n t a i n e r s .  B e  c a r e f u l
E o  a v o i d  g e t t i n g  a n y  s a n d  i n  t h e  r e c e p t a c l e s .  T h e  p l a s c i c
b o c t l e  i s  f o r  " s e s E o n " ,  t h e  t , w o  v i a l s  a r e  f o r  c h 1 o r o p h y 1 1 .
L a b e l  r h e  c o n t a i n e r s  a p p r o p r i a r e l y  ( f t  t h e  c o n E a i n e r s
h a v e n ' t ,  b e e n  p r e l a b e l l e d  ) .

G O  O N  T O  N E X T  S A T . I P L E  S I T E
c r a b s  a n d  s a n d  s a u p l e s .
l i k e  a l l  s i x  t o s r s  t a k e n  a s

C l e a n  t h e  s a n d  o u t  o f  E h e
c o o  c o a r s e  E o  g o  c h r o u g h- - -
s h o u l d  b e  s i e v e d  t h r o u s h--+SIEG T-rf-?

A N D  T A K E  Y O U R  N E X T  T O t l  a n d  e x E , r a
T l m e  i - s  o f  c h e  e s s e n c e - - w e  w o u l d
c l o s e  i n  t i m e  a s  i s  p o s s l b l e .

s a n d ' c r a b  n e c
E h e  n e E t i n g ,

S i e v e  l t  5  ( a n d

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

8 )

S i e v e s f 3 a n d 4 ) .

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

G e c  s L e v e s  a n d  j a r s  f r o m  g r u c k  w h l l e  y o u  a
p u t  o n  d r y  l c e  c h o s e  c h e m l s t r y  s a m p l e s  w h i c h

y o u r  a n i m a l s ,

r e  a t  c h e  t r u c k
r e q u l r e  f r e e z i n g



P R O C E S S  A N I I . I A L S  T H R O U G H  S I E V E S  2 0  3
E a c h  s l t e  1 s  p r o c e s s e d  s e p a r a t e l y .
I h e r e  a r e  n o  b u c k e t s  I  a n d  2 .
S t a c k  b u c k e t s  s e q u e n t i a l l y ,  l t 2 0  ( l a r g e s t  h o l e s )  o n  t h e  t o P .
S i e v e  a n i m a l s .
F i l I  l n  ' p '  f o r  p r e s e n t  a n d  " 0 "  f o r  z e t o  c o u n t s  o n

C r a b  T a l f y  S h e e t  :  P r e s e r v e d  f o r  a l l  s i z e  c a t e g o r l e s -
K e e p  a p p r o x i m a t e  t r a c k  o f  t h e  t o t a l  n u m b e r  i n  e a c h
s a u p l e .

P a E c n

R e m e m b e r :  i . f  y o u  h a d  C o  u s e  S l e v e  l t  5  t o  c l e a n  f  h e  s a n d  o u t
o f  C h e  s a m p l e r  y o u  a r e  n o t  g o i n g  t o  h a v e  c r a b  s a m p l e s  f r o m
S i e v e s  l l  3  a n d  4 .

A n i m a l s  f r o m  a l l  b u c k e t s  w i l l  b e  P r e s e r v e d  s e P a r a t e l y  b y
b u c k e t  i n  g l a s s  J a r s  a n d  r e t u r n e d  t o  E h e  l a b o r a t o r y .  U s e
l a b e l s  p r e p a r e d  i n  l a b .  R e t u r n  u n u s e d  l a b e l s  t o  t h e  l a b .
P r e p a r e  t h e  L O 7 .  F o r m a l i n  s o l u t i o n  a t  y o u r  P r o c e s s i n g  a r e a  b y
p o u r i n g  h a l f  o f  r h e  F o r m a l i n  ( i n  t h e  o n e  g a l l o n  c a r b o y )  i n c o
t h e  5  g a l l o n  c a r b o y  c h e n  f i l l l n g  t h e  5  g a l l o n  c a r b o y  w i r h
s e a  r r a E . e r "

U s i n g  t h e  " S a n d  c r a b  t a l l y  s h e e t "  k e e p  t r a c k  o f  E h e  u u m b e r
o f  i n d i v i d u a l s  p r e s e r v e d .  t l e  l f a n t  t o  e n d  u p  w i r h  a E  l e a s  c
2 0 0  o f  t h e s e  i n d i v i d u a l s  p r e s e r v e d  f r o m  e a c h  P . a E c h  s a m P l e d .

S a n d

t o
e) R e  r u r n

r i l l
1 a b .

R i n s e
f r e s h

S t o w

t o  t r u c k  w i t h  t h e  s a m p l e s  f i r a t .
a  " l i v e "  c a r b o y  w L t h  s e a r d a l e r  E o  b e  b r o u g h t  b a c k

t h e  g e a r  t o  a E  l e a s E  r e m o v e  e x c e s s  s a n d .
w a E , e r  a v a i l a b l e ,  u g e  1 t .
t h e  r e s t  o f  c h e  g e a r  a n d  c o m e  h o m e .

I f  t h e r e  i s

c h e  f i e l d

K E E P  T H E  L I V E  A N I I { A L S  A S  F A R  A W A Y  F R O M  T H E  P R E S E R V E D  S A } I P L E S
A } I D  T H E  P R E S E R V A T I V E  A S  P O S S I B L E .

l 0 )  R e c o r d  t h e  t i m e  y o u  r e t u r n  t o  l ' l E C  o n  P a g e  I  o f
s h e e t  u n d e r  " S u r v e y  d u r a t l o n " .

B-g



8 . 3  S a n d  C r a b  S u r v e y  3  ( 2 - 5  A u g u s E  f 9 8 3 )

I )  N o t e  d e p a r c u r e  t i n e  u n d e r  " S u r v e y  D u r a t l o n " .
N o t e  b e a c h  c h a r a c t e r i s t i c s  o n  f i e l d  s h e e c .  U s e  c h e
b e g i o n i n g / e n d i n g  s c u d y  s l c e  l a n d m a r k s  a s  d e f i n e d  o n  c h e
f l r s t  s u r v e y .
[ . I a v e  h e i g h c  i s  e s t i m a t e d ;  w a v e  f  r e q u e n c y  i s  t i r n e d .  [ , l a v e
h e i g h c  i s  b a s e d  o n  E h e  c r o u g h  t o  c r e s E  h e i g h t  n r h e n  E h e  q r a v e

f l r s t  b r e a k s .

( T h e  s E a r t  a n d  e n d  p o i n t s  o f  t h e  s a m p l i n g  a r e a  s h o u l d  b e  3 0 -
f 0 0  m e t e r s  a w a y  f r o o  a n y  o b s t a c l e  ( p l e r ,  c r e e k  e c c . )  a n d  I 0 0
D  a l t a y  f r o m  t , h e  s o u r c e  o f  a n y  b r i g h t  1 1 g h c s . )

2 )  I { A I T  U N T I L  T H E  S U N  E A S  S E T  r h e  e a r l i e s c  p o s s l b l e  s a m p l i n g
E i . n e  w i l l  b e  e s t i m a t e d  a E  t h e  l a b  a n d  p r o v i d e d  o n  y o u r  f i e l d
s h e e t .  T h e  f i e l d  l e a d e r  c a n  w a i E  f o r  E h e  s a n d  c r a b  p a c c h
w i d c h  E o  c o o E r a c t  E o  l e s s  t h a n  6  m e E e r s  o r  u n t i l  1 . 5  h o u r s
h a v e  e l a p s e d  s t n c e  t h e  e a r l i e s t  p o s s i b l e  s a m p l i n g  t i - m e .

3  )  B E A C H  W A L K  -  I { a l k  t h e  l e n g t h  o f  E , h e  s c u d y  a r e a ,  o n e  p e r s o n
a b o v e  c h e  p a E c h  a r e a ,  t h e  o c h e r  b e l o w  i E ,  r e c o r d i n g  E h e
l o c a t l o n s  a n d  s i z e s  o f  p a t c h e s  o f  s a n d  c r a b s  a n d  r o c k / p e b b l e
p a t c h e s .

N O T E :  l o u  a r e  c a k i n g  m e c e r - l o n g  s t r l d e s  E , o  k e e p  t r a c k
w h e r e  y o u  a r e  o n  E h e  b e a c h . )

E a c h  n e w  p a t c h  b e g i n s  a  n e w  l i n e  o n  E h e  B E A C H W A L K  s h e e t .

R A N D O M L Y  S E L E C T E D  S I T E S :  P O S I T I O N I N G
C a r r y  y o u r  s i c e  s c a k e s  w h i l e  y o u  a r e  w a l k J . n g .  M a r k  r h e
p a t e h e s  a s  y o u  e n c o u n [ e r  t h e m  o n  y o u r  b e a c h w a l k  i f  c h e r e  a r e
o n l y  a  f e w  p a E e h e s  o n  y o u r  b e a c h .
l l h e n  y o u  a r e  t h r o u g h  w l t h  y o u r  b e a c h w a l k  t a l l y  u p  r h e  n u m b e r
o f  p a t c h e s  a n d  i n c e r p a t c t r e s  1 o  y o u r  s  c u d y  8 r € 8 .

o f

I f  t h e r e  a r e  f i v e  o r  o o r e  p a t c h e s  o n  t h e  b e a c h
r a n d o u  n u m b e r  c a b l e  t o  s e l e c t  f o u r  p a c c h e s  o u t
a v a i l a b l e  a n d  t h e n  r w o  n o n - c o b b l e  l n c e r p a t c h e s
t o c a l  a v a i l a b l e  f o r  s a m p l i n g .
I f  c h e r e  a r e  f o u r  p a t c h e s ,  s a m p l e  a l l  f o u r  a n d  r a n d o m l y
;a le; . i lEo TiEerparcrr-  areaT for saupr ing.
I f  t h e r e  a r e  l e s s  E h a n  f o u r  p a E c h e s ,  r e f e r  E o  t h e
dEn clifficy-Eo w-bT?grii--Fo rEi-s ;;,a;-
T o  u s e  t h e  r a n d o o  n u o b e r  t a b l e :  m a k e  a  b l l n d  s t a b  a E  c h e
t a b l e  E o  s e l e c t  y o u r  f l r s t  n u m b e r - t h e  d i g i . t s  a t  t h e  r i g h c
e n d  o f  c h e  b l o c k  a r e  r h e  o n e s  y o u  a r e  i n c e r e s c e d  l n .  t J o r k
y o u r  l t a y  d o w n  c h e  c o l u m n ,  k e e p l n g  E , h e  n u m b e r s  t h a c  f a l l
b e c w e e n  o n e  a n d  t h e  m a x l m u n  a l l o w a b l e  ( a s  d e f i n e d  e l E h e r  b y
t h e  n u u b e r  o f  p a t c h e s  o r  t h e  n u m b e r  o f  l n t e r P a c c h e s .  )  F o r
e x a m p l e :  t h e r e  a r e  2 5  p a t c h e s  o n  t h e  b e a c h ,  y o u r  f l n g e r  e n d s
u p  o n  ' 4 7 4 4 8 " ,  4 8  i s  E o o  l a r g e ,  t h e  n e x t  n u m b e r  i s  " 9 2 7 L 7 " ,
a n d  l 7  l s  a c c e p r a b l e ,  n e x t  i s  " 9 2 3 L 2 * ,  a n d  L Z  i s  a c c e p c a b l e ,
a s  1 s  0 5  f r o m  ' 6 3  f 0 5 "  a n d  l  l  f r o m  ' 6 6 7  1  1  " .

,  use  you r
o f  r he  t o ta l
ou t  o f  che

B-  l 0



4  )  S A M P L E  S I T E -  G o  t o  s a m p l e  s i E e  a n d  i f  t h e  P a r c h  h a s  c h a n g e d
d i m e n s i o n s  n o t i c e a b l y  s i n c e  t h e  m a p p l n g ,  p a c e  t h e  l e n g c h  o f
t h e  p a E c h  ( o r  i n t e r p a t c h ) .  U s i n g  t h e  r a n d o n  n u m b e r  t a b l e
a n d  r h e  l e n g c h  ( n u n b e r  o f  p a c e s  a s  y o u r  m a x i m u r n  n u m b e r ) ,
s e l e c t  c h e  p o s i r i o n  i n  c h e  p a t c h  (  o r  i n t e r p a t c h )  t o  b e
t , o w e d .  Y o u  m u s t  b e  a t  l e a s t  o n e  p a c e  a w a y  f r o m  t h e  e d g e  o f
y o u r  p a E c h  ( o r  i n t e r p a c c h ) . D e  s  c r i  b e  t ,  h e  p a c  c h  (  o r
i n t e r p a c c h )  f o r  l e n g t h ,  w i d t h  a n d  p o r t i o n  o f  P a t c h  ( o r

i n c e r p a c c h )  s a n p l e d  i n  p a c e s  f r o m  E h e  e d g e .  I f  t h e  s a n d
c r a b s  f o r m  a  c o n ! i n u o u s  b a n d ,  s l a t e  s o  a n d  d e s c r i b e  c h e  b a n d
f o r  5  m e t e r s  o n  e i E h e r  s i d e  o f  t h e  f o h t .

5 )  S T A R T  S A M P L I N C  A N I M A L S
t o u  w l l l  b e  t a k i n g  a n l m a l s  t h r e e  d i f f e r e n t  w a y s :

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

C A T E O R Y  I  S L E D  T O I T S
S c a r c  L / 2  m e r e r  b e l o w  t h e  l o w  e d g e  o f  p a t c h  o r  i n  a r e a
e x p o s e d  b y  a  w i t h d r a w n  w a v e  i f  t h e r e  j . s  n o  p a t c h  o r  l f  t h e r e
1 s  n o  l o r . l e r  e d g e  t o  t h e  p a t c h . I ' l o t e :  i f  a n i m a l s
s p o r a t i e a l l y  o c c u r  d o w n  t o  w a v e  e d g e ,  t r y  c o  d e f i n e  t h e
p o i n E  w h e r e  9 0 7 "  o f  c h e  a n l m a l s  a r e  h i g h e r  o n  t h e  b e a c h  a n d
u s e  t h a t  b o u n d a r y  a s  y o u r  l o w e r  e d g e .

T o w  t o w a r d s  t h e  b e r n  f o r  t h e  l e n g t h  o f  t h e  n € t .

P u I l  c h e  s l e d  a s  q u i c k l y  a s  y o u  c a n
o u t  o f  r h e  s a n d  a n d  w i t h o u t  j e r k i n g
c l o g  t h e  m o u t h  o f  c h e  s a m p l e r  w h e n
P a c e  o f f  t h e  l e n g c h  o f  t h e  t o w  a n d
I  |  2  m e E e r .

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

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

a n d  s c a k e  i E  h i g h
a l t a y .

I f  t h e  p a t c h  i s  m u c h  w i d e r  t h a n  t h e  b a g  l e n g t h '  a  s e c o n d  E o t t
m u s t  b e  t a k e n .  

- : f f i i s  
E o n  w i l l  s t a r t  a t  c h e  p o s i t l o n  w h e r e

c h e  f i r s t  t o w  e n d e d  ( p t a n t  y o u r  s l e d  1 n  c h e  s a n d  t o  m a r k  t h e
s p o t  a f r e r  t h e  f i r s t  t o w )  a t  l e a s r  2  m e t e r s  u P  o r  d o w n  t h e
b e a c h  f  r o m  c h a c  t o t d  l i n e .  l l e a s u r e  a n d  r e c o r d  r h e  d i s t a n c e
o f  c h e  s e c o n d  t o l r .
I f  y o u  m i s s e d  o n l y  a  s m a l l  p o r t i o n  o f  t h e  p a r c h  w i t h  y o u r
t o t r ,  y o u  c a n  u s e  y o u r  w i d e r  s h o v e l  t o  c o l l e c t  t h e  P o r t i o n
t h a t  a  s e c o n d  t o w  w o u l d  t a k e  t o  c o m p l e t e  t h e  p a c c h  s a m p l e .
B e  c a r e f u l  t o  s c o o p  o u t  t h e  s a m e  w i d r h ,  d e p t h  a n d  l e n g t h
E h a c  t h e  s l e d  w o u l d  h a v e  t a k e n .  l l e a s u r e  a n d  r e c o r d  r h i s
d i s t a n c e .

T i e  o f f  t h e  o p e n  e n d  o f  t h e
o n  t h e  b e a c h ,  w h e r e  i t  w o n

s a n d  c r a b  n e t
t  t  g e f ,  w a s h e d

a r e  a b o u E  t o
t h i s  8 E € 8 o

N e v e r  w a l k  o n  t h e  a r e a  y o u

. ? f , t n o u n t ,  o f  t i g h t  s h o n e  o n

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

B - l  l

s a m p l e  a n d  m i n i r n i z e



A )  S a n d  s a m p l e s -  t , a k e n  f  r o m  r o j . d - c o w  a r e a  ,  L / 2
f r o m  E o w  l i n e .

U s e  s p e c i m e n  c u p s  t o  c a k e  F O U R  s a n d  s a m p l e s  (

U s e  a  s p a r e  s p e c i m e n  c u p
h o l e  a n d  E r a n s f e r  t h i s  v r a t e r
F 1 1 1  t h l s  c u p  b e t w e e n  w a v e s ,
w a v e  b e f o r e  y o u  h a v e  c a k e n  t
v t a v e  E o  d e p a r r ,  d i g  a  n e w
s e d i m e n r ,  s r a t e r  y o u  n e e d .
s a l i n l  t y  t l e a s u r e m e n t .  )
K e e p  c h e  c o r e  h o l e  n o  d e e p e r  E h a u  c h e  d e p c h  o f
(  a b o u t ,  t  h r e e  i n c h e s  )  .

U s e  g l a s s  s c i n E i l l a t l o n  b o t c l e  f o r  O N E  s a n d  s a m p l e
a s  a b o v e .

me ce r avray

a s  c o r e s  ) .

T h e  s a m p l e  c o n E a i n e r s  s h o u l d  b e  p r e l a b e l l e d  f o r  y o u ,  s a y i n g :
S u r v e y  I D  t
B e a c h  C o d e  l t
S i t e  l e t t e r
S a n p l e  t y p e

P l a c e  s a m p l e s  i n  t h e  i c e  c h e s E .

B )  W a v e - w a s h  s a r n p l e s  t , h e s e  s a m p l e s
h a v e  p r o c e s s e d  c h e  a n L r n a l  s a m p l e s .
l - a r e r  i n  r h i s  p r o t o c o l .

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

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

E h e  c u p

L a b e  I

w i l l  b e  t a k e n  a f t e r  y o u
D i r e c t i o n s  w i l l  b e  g i v e n

b  )  
1 t  

You  ARE SAUPLTNG A  PATCH

DO NOT TRI  FOR THESE ANIMALS IF

C A T E G O R Y  2 :
(  S n a l l  l a u a d r y  b a g  a o l m a l s
F 1 1 1  a  s n a l l  m e s h  l a u n d r y  b a g
j u s c  s a n p l e d - y o u  a r e  a f c e r
a r n o u n t s  o f  s a n d  f r o m  l o w ,  n i d

R l n s e  E , h e  b a g  a n d  c h e c k .  I f
s a n d  c r a b s  b o t h  b a g s  c o m b i n e d ,
a n l m a l s ,  s h o v e l  m o r e  s a n d .
I f  y o u  a r e  o n  a  c o a r s e  s a n d
b u c k e t  l n s c e a d  o f  c h e  l a u n d r y
s a m p l e .  I o u  s t i l l  w a n t  a r o u n d

C A T E G O R Y  3 :
( L a r g e  m e s h  l a u n d r y

Y o u  B a y  t a k e  c h e s e
l f  y o u  a r e  a f r a i d

O R  B A N D :

T H E R E  A R E  N O N E  T H E R E ! ! ! ! ! ! !

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

S t o r e  c h e  a n l n a l s  l n  a  s m a l l  m e s h  l a u n d r y  b a g .  M a k e  s u r e
t t r e  b a g  i s  l a b e l l e d  w l t h  b e a e h ,  s l E e  a n d  c a r e g o r y  2 .

m o r e  a n i m a l s  -  S h o v e I  e q u a l
a n d  h l g h  a r e s  o f  t h e  P a t c h .
t h e r e  a r e  a p p r o x i m a t e l Y  2 0 0

y o u t r e  o k a y .  I f  y o u  n e e d  m o r e

b e a c h ,  u s e  y o u r  t l 5  S - g a l l o n
b a g  c o  c l e a n  c h e  s a n d  f r o m  c h e

2 0 0  a n i m a l s .

b a g  -  a d u l c  f e m a l e s  f o r  t i s s u e  s c u d l e s )

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

F i L l  t h e  l a r g e  m e s h  b a g  w i c h  s a n d  f r o m  E h e  p a t c h  a r e a  y o u
a r e  s a n p l i n g - y o u  a r e  a f t e r  a d u l t  f e m a l e s ,  s i e v e  s i z e s  8 -
1 0 ,  l f - 1 4  a n g  l 5 - 2 0 ;  w i t h i n  e a c h  o f  t h e s e  E h r e e  s i z e
c a c e g o r i e s  y o u  w a n t  2 0  f e m a l e s  w i t h  o r a n g e  e g g s  a n d  2 0
f e m a l e s  r . t i t h o u E  e g g s .  ( R e a I i s t i c a l l y ,  t n o s E  b e a c h e s  p r o b a b l y
w i l l  n o !  y i e l d  a  f u l l  c o n p l e m e n t  o f  f e m a l e s . )

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

l l a k e  s u r e  y o u r  l a u n d r y  b a g s  a r e  l a b e l l e d  w i t h  b e a c h ,  s i t e
a n d  c a t e g o r y  ( 2  o r  3  ) .

P a c e  y o u r s e l f .  Y o u  s h o u l d  b y  n o w  h a v e  a  g o o d  f e e l i n g  f o r
h o w  l o n g  1 t  t a k e s  t o  s a m p l e  t h e  w h o l e  b e a c h .  D o  n o t  s p e n d
t i m e  y o u  d o n t t  h a v e  o n  a  s l t e  t h a t  i s n t t  p r o d u c i n g  e n o u g h
a n i m a l  s  .

G 0  O t {  T O  l . l E X T  S A I , I P L E  S I T E  A N D  R E P E A T  P R O C E D U R E S  4  -  6 .  T i n e
i s  o f  t h e  e s s e n c e - - w e  w o u l d  l i k e  a l l  s i x  t o w s  c a k e n  a s  c l o s e
i n  t i m e  a s  i s  p o s s i b l e .

7 )  A f t e r  y o u  h a v e  s a m p l e d  a l l  s i x  s i c e s  f o r  a n i m a l s  a n d  s a n d ,
r e t u r n  E o  e a c h  E o  d e s c r l b e  e a c h  s a m p l e  s i t e  a r e a  f o r  f  )
b e a c h  w l d t h  ( e s t i m a r e d )  2 )  b e a c h  s l o p e  ( m e a s u r e d  w l t h  l e v e l
l l n e )  -  i f  b e a c h  h a s  t w o  d i s t i n c t  s l o p e s  m e a s u r e  b o t h  o f
t h e m  3 )  c o b b l e  o n  t h e  h r e E  s a n d ,  i n  t h e  w a v e  b r e a k  a n d  i n
k n e e - d e e p  u r a r e r  ( o u t g o i n g  l r a v e )  a n d  + ) .  t e m p e r a t u r e  o f  l t a t e r
i n  k n e e - d e e p  w a E e r  ( o u c g o i n g  w a v e ) .

T a k e  c h e  l r a v e - w a s h  s a m p l e s  a t  e a c h  s i t e .
F i 1 1  o n e  b r o w n  p l a s t i c  b o t t l e  a n d  t w o  s c l n t i l l a t i o n  v i a l s
w i c h  w a t , e r  f r o m  a  " s e t t l i n g "  c o n t a i n e r .  T h e  s e t c l i n g
c o n t a i n e r  i s  a  g r a d u a t e d  c y l i n d e r .  F i I l  t h e  c y l i n d e r  d u r i n g
s l a c k  w a t e r  -  a f c e r  t h e  r d a v e  h a s  c o m e  l n  a n d  b e f o r e  l t  g o e s
o u E .  C o u n E  t o  3 0  s e c o n d s  f o r  s e E t l i n g  b e f o r e  p o u r i n g
c o n t e n E s  i n E o  s e s t o n  a n d  c h l o r o p h y l l  c o n t a i n e r s .  B e  c a r e f u l
t o  a v o i d  g e t E i n g  a n y  s a n d  i n  t h e  r e c e p t a c l e s .  T h e  p l a s t i c
b o t c l e  i s  f o r  " s e s E o n " , t h e  t w o  v l a l s  a r e  f o r  c h l o r o p h y l l .
L a b e l  t h e  c o n t a l n e r s  a p p r o p r i a t e l y  (  i f  r h e  c o n t a i n e r s
h a v e n r t  b e e n  p r e l a b e l l e d  ) .

C l e a n  t h e  s a n d  o u t  o f  t h e  s a n d  c r a b  n e t  b a g .  I f  t h e  s a n d  i s
t o o  c o a r s e  t o  q o  t h r o u g h  t h e  n e E E i r & -  t h e  s a m P l e  c o n t e n t s
FE?-u rE--5FTi. Fe 6-c Effis f-e " e ffi-na ffi e rffiF effifrEce
f f i "eE[LW

8  )  P r o c e e d  t o  a n i m a l  p r o c e s s l n g  a r e a  w i t h  y o u r  a n i m a l s ,
c h e m l s E r y  s a m p l e s  a n d  s a m p l i n g  g € d r o

G e t  s i e v e s  a n d  j a r s  f r o m  E r u c k  w h i l e  y o u  a r e  a f  E h e  t r u c k
p u t  o n  ( n o t  i n )  d r y  1 c e  t h o s e  c h e m i s E r y  s a m p l e s  w h l c h
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r e q u i r e  f r e e z i n g .

P R O C E S S  C A T E G O R Y  I  A N I I " T A L S  T H R O U G H  S I E V B S  2 0  3
E a c h  s i c e  i s  p r o c e s s e d  s e p a r a E e l y .
T h e r e  a r e  n o  b u c k e c s  I  a n d  2 .
S c a c k  b u c k e t s  s e q u e n t i a l l y ,  l l 2 O  ( l a r g e s r  h o l e s )  o n  r t r e  c o p .
S i e v e  a n i . m a 1 s .

R e m e m b e r :  i f  y o u  h a d  E o  u s e  S l . e v e  l l  5  c o  c l e a n  c h e  s a n d  o u c
o f  t h e  s a m p l e ,  y o u  a r e  n o c  g o i n g  E o  h a v e  c r a b  s a m p l e s  f r o m
S i e v e s  / l  3  a n d  4 .

K e e p  a p p r o x l m a t e  t r a c k  o f
s i z e  o n  t h e  S a n d  C r a b  T a l l y
( Line out TFcJl-dnTEe-
c l e a n  o u E  E h e  s a n d . )

c h e  t o t a l  n u m b e r  i n
S h e e E - P r e s e r v e d .

e a c n  s l - e v e

t a l l y  s h e e c  i f  y o u  u s e d  a  l l 5  t ,  o

co

i s

e)

A n i n a l s  f r o m  a l l  b u c k e t s  w t l l  b e  p r e s e r v e d  s e p a r a r e l y  b y
b u c k e t  i n  g l a s s  j a r s  a n d  r e c u r n e d  t o  E h e  l a b o r a E , o r y .  U s e
l a b e l s  p r e p a r e d  i n  l a b .  R e E u r n  u n u s e d  l a b e l s  c o  E h e  l a b .
P r e p a r e  t h e  L 0 7 "  F o r m a l i n  s o l u t i o n  a t  y o u r  p r o c e s s i n g  a r e a  b y
p o u r i n g  h a l f  o f  t t r e  F o r m a l l n  ( i n  r h e  o n e  g a l l o n  c a r b o y )  i n r o
t h e  5  g a l l o n  c a r b o y  t h e n  f i l l i n g  t h e  5  g a l l o n  e a r b o y  w l c h
s e a  t t a E e r .

P R O C E S S  C A T E G O R Y  3  A N I I I A L S  T H R O U C H  S I E V B S  1 5 ,  I I  a n d  I
D o  n o t  k e e p  a n i r n a l s  s m a l l e r  t h a n  8 .
T a l l y  c h e  a n i m a l s  i n  s i e v e s  1 5 ,  l l  a n d  8  s e p a r a t e l y .  W i E h i n
e a c h  s i z e  c a t e g o r y  t a l l y  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  a n d
f  e m a l e s  w i . t h  n o  e g g s  s e p a r a c e l y .  ( W e  d o  n o E  r r a n c  f  e m a l e s
w l c h  b u r n c  o r a n g e  o r  g r e y  e g g s .  )  K e e p  t r a c k  o f  y o u r  c a l l y
o n  t h e  S a n d  C r a b  T a l l y  S h e e c  :  L i v e  s h e e r .
I f  i E  l o o k s  l i k e  a  l i c r l e  m o r e  s h o v e l l i n g  f r o m  a  s i t e  w i l l
g e c  y o u  t h e  2 0  f e m a l e s  w i r h  ( o r  w i t h o u c )  e g g s  i . n  a  s i z e
c a E e g o r y  f r o m  a  p a t c h  a r e a  g o  f o r  c h e m .

Y O U  D O  N O T  P R O C E S S  C A T E G O R Y  2  A N I M A L S .

l 0 )  R e t u r n
F i 1 1

1 a b .
R i n s e

f r e s h
S  c o w

D o  n o t  p u c
d a r n p  s a n d
s i e v e .

l 0 )  R e c o r d  r h e
s h e e t  u n d e r

t o  c r u c k  w l t h  t h e  s a m p l e s  f i r s t .
a  " l i v e "  c a r b o y  w i c h  s e a l r a t e r  t o  b e  b r o u g h t .  b a c k

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

K E E P  T H E  L I V E  A N I I T A L S  A S  F A R  A W A I  F R O M  T H E  P R E S E R V E D  S A I T P L E S
A N D  T H E  P R E S E R V A T I V E  A S  P O S S I B L E .

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

E i . n o e  y o u  r e c u r n  E o  t . l E C  o n  P a g e  I  o f  c h e  f i e l d
" S u r v e y  d u r a c l o n " .
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APPENDIX C

LABORATORY PROTOCOLS
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c.1 Sex/Fecundi ty  Analyses

2.

3 .

4 .

5 .

In  the wet  laboratory,  t ransfer  sand crab s led or  shovel  sample

to screen to pour  of f  formal in .  I f  the sample has more than

150  c rabs ,  sp l i t  t he  samp le  us ing  the  l a rge  Fo lsom sp l i t t e r .

Rinse sand crabs wi th  tap water .

T rans fe r  c rabs  to  so r t i ng  d i sh .

Return to  dry  laboratory.

Examine crabs for  sex,  fecundi ty  and egg condi t ion us ing the

d isec t i ng  m ic roscope  o r ,  f o r  ve ry  l a rge  an ima ls ,  t he

i l luminat ing magni f ier .  Females may be recognized by the

p tesence  o f  a  gonopore  on  the  th i rd  l egs ,  p leopods ,  and  egg

masses .  Ma les  a re  recogn ized  by  absence  o f  above  fea tu res .

I f  a  f ema le  has  an  egg  mass ,  c lass i f i y  t he  fema le  by  the  eo lo r

and  cond i t i on  o f  t he  egg  mass  as  fo l l ows :  egg  mass  w i th  b r i gh t

orange eggs,  eBB mass wi th  burnt  orange eggs ( two eyespots

shou ld  be  v i s ib le  th rough  egg  capsu le ) ,  egg  mass  w i th  g ray

eggs ,  eEB mass  w i th  empty  egg  cases ,  and  egg  mass  w i th  a  few

br ight  or  burnt  orange eggs but  main ly  wi th  spent  egg cases.

5 "  F i l l  in  the laboratory raw data sheet

7 .  Re tu rn  c rabs  t o  s to rage  j a r  and  re fo rma l i ze .  Labe l  t op  o f .

j a r  r+ i t h  su rvey  ID  number ,  beach  l oca t i on ,  t ow  ID ,  s ieve  s i ze

and  number  o f  j a rs  fo r  t h i s  samp le .

C"2  Paras i tes ,  Egg  l t l ass  Vo1ume,  Egg  D iamete r ,  and  Gu t  Con ten t  Ana lyses

I .  Randomly  se lec t  f ema les  w i th  b r i gh t  o range  eggs  , r ] rn  
"  

samp le
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2.

in  the fo l lowing manner :

a.  when more than l0  s ieves have females wi th  br ight  orange

eggs ,  use  a  random numbers  tab le  to  dec ide  wh ich  10

sieves prov ide the randomly se lected females I

b .  when exact ly  l0  s ieves have females wi th  br ight  orange

eggs,  randomly se lect  one such female f rom each of  the

s ieves ;

c .  when fewer than 10 s ieves have females wi th  br ight  orange

eggs,  randomly se lect  an equal  number of  females f rom the

a r ray  ava i l ab le ;  i f  i t  i s  no t  poss ib le  to  se lec t  an  equa l

number of  females wi th  br ight  orange eggs f rom each s ieve,

then randomly se lect  which s ieves wi l l  prov ide more or

fewer animals;

d.  when less than l0  females wi th  br ight  orange eggs are

ava i l ab le  f rom a l l  t he  s ieves  o f  a  s led  samp le  f rom a  pa tch ,

randomly se lect  females wi th  br ight  orange eggs,  when

ava i l ab le ,  f r om the  shove l  samp les .

.  Examine legs and egg mass area for  paras i tes.  Record

observat ions under  the fo l lowing categor ies:  1  = pd.r€rs i tes on

abdomina l  l egs ;  2  =  p€ . !4S i tes  on  egg  mass .  No te  t ype  o f

pa ras i tes :  a  =  p ro tozoan ;  b  =  nematode ;  c  =  c rus tacean .

Remove egg mass.

P lace  fema le  i n  j a r  l abe led  on  l i d  w i th  su :x /ey ,  beach ,  t ow ,

s ieve s ize,  an imal  number.  Add formal in .

P lace  egg  mass  i n  v ia l  l abe led  on  l i d  w i th  su rvey ,  beach ,  t ow ,

s ieve s ize,  an imal  number.  Add formal in .

De te rm ine  vo lume d i sp laced  by  egg  mass .  Pour  egg  mass  f rom

c-2
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7.

v ia l  on to  sc reen ,  b lo t  excess  f l u id  f rom benea th  the  sc reeen ,

p lace  egg  mass  i n to  p re - f i 11ed  ca l i b ra ted  v ia l ,  and  remove

d isp laced  wa te r  w i th  m ic rop ipe t te .  Reco rd  the  amoun t  o f

water  removed f , rom the v ia l  wi th  a micropipet te  to  the

neares t  0 .0005  m l .  Reco rd  obse rva t i ons  fo r  each  egg  mass

by s ieve s ize and animal  number.

Randomly  se lec t  two  egg  masses  f rom each  pa tch /beach .  P lace

por t i on  o f  egg  mass  o r  l oose  eggs  i n  a  dep ress j -on  s l i de  w i th

wa te r .  Measure  the  d iamete r  o f  l 0  eggs ,  i nc lud ing  egg

membranes  to  nea res t  . 005  mm us ing  an  ocu la r  m ic romete r  on  a

compound  m ic roscope .  Reco rd  obse rva t i ons  fo r  each  egg  mass

by s ieve s ize and animal  number

No te  co lo r  and  pa t t e rn  o f  co lo r  ( i . e . ,  un i f o rm  o r  mo t t l ed )

fo r  f ema le  sand  c rab .  Reco rd  obse rva t i ons  fo r  each  an ima l

by s ieve s ize and animal  number.

9  .  D i ssec t  f o re -  and  h indgu t  f rom sand  c rab .  P lace  on  separa te

s l i des  and  scan  w i th  d i ssec t i ng  scope .  De te rm ine  7 "  f u l l ness

o f  gu t s  ( i . e . ,  0 ,  <  5O" / " ,  >  5O%) .  Reco rd  obse rva t i ons  f o r  each

animal  by s ieve s ize and animal  number.

10 .  I f  gu t  a lmos t  empty ,  t hen  wash  con ten ts  w i th  wa te r  on to  s l i de

and examine wi th  compound microscope.  I f  gut  > 507"  fu11,  then

th in contents  wi th  water  and examine a subsample of  the

con ten ts  w i th  the  compound  m ic roscope .  Reco rd  the  pe rcen t

con t r i bu t i on  ( i . e . ,  0 ,  <  5O%,  >  50%)  o f  t he  cons t i t uen t s

(e .g  sand ,  phy top lank ton )  zoop lank ton ,  de t r i t us )  o f  t he

fo re -  and  h indgu t .

11 .  Re tu rn  d i ssec ted  fema le  c rabs  to  the i r  j a r s  and  re fo rma lLze .

8 .
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C.3  Sed imen t  Gra in  S i ze  Ana lvs i s

A .  Equ ipmen t  -  f o r  de te rm ina t i on  o f  med ian  g ra in  s i ze ,  s i l t l c l ay

f rac t i on ,  coa rse  f rac t i on ,  skewness ,  and  d i spe rs ion  o f  sed i rnen ts .

1 .  8  oz .  numbered  p l as t i c  de f l occu len t  bo t t l es

2 .  0 .025N  (38 .25g  pe r  15  l i t e r s  de ion i zed  wa te r )  sod ium hex -

ametaphate (def locculent  )

3 .  63  m ic ron  s i eve

4 .  S ta in less  s tge l  evapora t i ng  d i sh

5;  Preweighed and numbered.  Coors d ishes

6.  Numbered 1000m1 graduated cy l inders

7 .  Watchg lasses  to  cove r  g radua ted  cy l i nde rs

8 .  3 "  sec t i ons  o f  p ipe  (used  to  we j -gh  down  1000  m l  g radua ted

cy l inders in  water  bath)

9 .  P lung ing  dev i ce  ( fo r  ag i ta t i ng  s i l t  and  c lay  so lu t i on )

10 .  25  m1  Lowy  Au tomat i c  P ipe t te  w i th  mark ings  a t  7 ,8 ,10  and

20 cm

11.  Preweighed and numbered 50m1 beakers

L2.  24o C water  bath

13 .  D ry ing  Oven  (1100  +  ZOo C)

L4 .  E leven  U .S .A .  S tanda rd  Tes t i ng  S ieves  (A .S .T .M .  E - I t  spec i -

f i ca t i on )  and  bo t tom ca tch  p la te ;  S ieve  numbers  10 ,  L4 ,

19 ,  25 ,  35 ,  45 ,  60 ,  90 ,  LzO ,  170 ,  23O

15 .  S ieve  shake r

15 .  Sa r to r i us  m i l l i g ram ba lance

I
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B. In i t ia l  Treatment

I .  Thaw f rozen  samp les .

2.  Mix wet  sample thoroughly  in  i ts  conta iner  or  t ransfer

to  a su i tab le large conta iner  to  mix.  Immediate ly

(wh i Ie  s t i 11  homogeneous )  we igh  30 -50  gm we t  sed imen t  i n to

8  oz .  de f l occu len t  bo t t l es .

3 .  Reco rd  on  da ta  shee t  Samp le  ID ,  ana lyzed  by :  da te ,  s ieve

s i ze  f o r  sand / s i 1 t - c1ay  sepa ra t i on ,  de f l occu len t  bo t t l e

number,  sample co lor  and sample composi t ion.

4 .  To  sed imen t  i n  8  oz .  bo t t l es ,  add  150  m1  o f  sod ium hexameta -

phospha te  (de f l occu len t  )  ,  shake  we11 ,  and  l e t  s tand  8  hou rs .

C .  Separa te  f i ne  pa r t i c l es  ( s i I t  &  c lay )  f rom sand

1 .  P lace  63  m ic ron  sc reen  i n  evapora t i ng  d i sh  i n  o rde r  t o

ca tch  a l l  wash  wa te r .

Shake sample,  1et  set t le  10- ]5 seconds and decant  suspended

f ine  pa r t i c l es  th rough  s ieve  i n to  a  co l l ec t i ng  pan .  Add

de ion i zed  wa te r  t o  samp le  rema in ing  i n  t he  bo t t l e .

I f  necessa ry ,  wash  f i ne  pa r t i c l es  th rough  s ieve  w i th

de ion i zed  wa te r  i n to  a  co l l ec t i ng  pan .

Repea t  s teps  5  and  5  un t i l  mos t  f i ne  pa r t i c l es  removed .

Transfer  remain ing sample f rom bot t le  to  s ieve us ing

squ i r t  bo t t l e  w i th  de ion i zed  wa te r .

Us ing  l i gh t  f i nge r  p ressu re  and  squ i r t  bo t t l e ,  wash  rema in ing

f i ne  pa r t i c l es  th rough  s ieve .

Per iod i ca l l y  wash  the  bo t tom o f  t he  s ieve  to  remove

adher ing  pa r t i - c1es .

2.

3 .

6 .

7 "

4.

5 .
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Wash sand remain ing in  the s ieve wi th  deionized water  to

remove excess sodium hexametaphosphate and sa l ts .

Care fu l l y  concen t ra te  sand  aga ins t  bo t tom l i p  o f  s i eve

wi th squi r t  bot t le .  Scrape and wash sand in to numbered

Coors d ish and record sand d ish number on data sheet .

D.  Prepare Sand

1 .  Le t  sand  se t t l e  and  decan t  mos t  ove r l y ing  wa te r

(no t  pa r t i c l es ) .

2 .  D ry  sand  i n  ove r  a t  7Oo  C .

E .  P repa re  S i l t  &  C lay

1 .  T rans fe r  s i l t - c l ay  so lu t i on  f r om co l l ec t i ng  pan  t o  a

numbered 1000 ml  graduated cy l inder  wi th  a funnel  and

9 .

l
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3. .

4 .

2 .

5 .

f i l l  t o  1000  m l  w i th  de ion i zed  wa te r .

Record cyl inder number and si l t  I  cLay beaker number on

da ta  shee t .

Ag i ta te  s i l t - c l ay  so lu t i on  w i th  p lunger  fo r  one  m inu te .

15  seconds  a f te r  s topp ing  ag i ta t i on ,  t ake  a  25  m l  a l i quo t

f rom a  dep th  o f  20  cm w i . t h  p ipe t te .

Cover  the top of  the cy l inder  wi th  a watchglass and set

the cy l inder  as ide unt i l  such t ime as i t  is  dec ided that

the s i l t  /  c lay f ract ion of  the sample is  no longer  needed.

Transfer  25 m1 a l iquot  to  a 50 rn l  numbered beaker .

R inse  p ipe t te  be fo re  reuse .

Dry  s i l t - c1ay  so lu t i on  i n  oven .

A1 low s i l t - c l ay  and  sand  f rac t i ons  to  come to  room

6.

7 .

8 .

o
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F . Sieve Analys is  for  Sand

1 .  T rans fe r  sand  f rom Coors  d i sh  to  top  s ieve  i n  s ieve  s tack .

2.  Gent ly  shake s ieve s tack and break-up aggregates on top

1 -3  s i eves

tempera tu re  i n  dess i ca to rs

10.  Determine percent  sand and

in the to ta l  sample weight

and weigh on balance.

percent  s i l t  and c lay conta ined

bo t t om

o f  da ta

,  are present

weighing

reco rd

3.

4 .

P1ace s ieve s tack in  s ieve shaker  and shake for  15 minutes.

S ta r t i ng  w i th  top  s ieve ,  i nve r t  each  s ieve  on  a  l a rge

p iece '  o f  paper  and  rap  s ieve  f i rm ly  on  tab le  top  to

remove a l l  sand.

5. Examine par t ic les on successive s ieves and the

catch p late and make notes in  comments sect ion

shee t  i f  she11 ,  agg rega tes ,  tw igs ,  r ne ta l ,  e t c .

I n i t i a l l y  t a re  ou t  t he  empty  we igh t  o f  p las t i c

d i sh  (d i sh  w t .  t o  =  0 .001  gm)  .

T rans fe r  sand  to  ta re  p las t i c  d i sh  on  ba lance ;

cumu la t j . ve  we igh t  w i th  each  success i ve  s ieve .

5.

8 . The  d i f f e rence  i n ' t he  success i ve  cumu la t i ve  we igh ts  i s

the  con t r i bu t i on  o f  each  ph i  s i ze .

C .4  Sed imen t  Mo is tu re  Con ten t  and  Sa l i n i t y  Ana lyses

A"  Mo is tu re  Con ten t

1 .  I nve r t  mo is tu re /sa l i n i t y  spec imen  cup  fo r  50  seconds  to

redi -s t r ibute any water  that  mav ?rave set t led.
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2 .  Us ing  a  cu t -o f f  sy r i nge  remove  app rox ima te l y  100  m l  o f

sediment  and p lace in to a pre-weighed large Coors evapor-

3.

at ing d ish "A

Weigh the f resh sediment  and d ish to  the nearest  .01 mg and

reco rd  we igh t  I 'B f '  us ing  Sar to r i us  e lec t ron i c  t op  l oad ing

ba lance .  Readab i l i t y  +  o r  -  . 01  g .

Dry  the  samp le  a t  80o  C  fo r  8  hou rs .

Remove the sample to  cool  for  a  few minutes.

Reweigh dry.  sediments and record weight  "C" .

Ca lcu la te  mo is tu re  con ten t  :

f resh sediment  -  dry  sedi rnent / f resh sediment  X 100 or

A -B -C /  A -BX t00

4.

5 .

6 .

7 .

B. Sediment  Sal in i ty  Determinat ion

1 .  Us ing  d i s t i l l ed  wa te r :

2.  Rehydrate dr ied sediments f rom moisture content

determinat ions wi th  twice the amount  of  water  evaporated

from the sediment  (A -  B -  C = amount  of  evaporated water ;

I  mg  o f  wa te r  =  1  m l ) .

M ix  the  sed imen ts  fo r  a t  l eas t  60  seconds  to  d i sso l ve  sa1 ts .

Decant  of f  the f lu id  in to a smal l  beaker .

Measure and record the TOC, sa l in i ty  (7") ,  and conduct iv i ty

w i th  a  YeL low Spr ings  Ins t rumen t  mode l  3311  sa l i nomete r .

Compare measured sediment  sa l in i t ies to  the ca l ibrat ion

cur :ve to  determine the sa l in i ty  o f  the in ters t i t ia l  water .

The ca l ibrat ion curve is  developed by compar ing sa l in i t ies

and conduct iv i t ies measured wi th  the above method to

3.

4 .

5 .

6 .



sal in i t ies and conduct iv i t ies

co l l ec ted  i n  t he  f i e l d .

o f  i n te rs t i t i a l  wa te r

C.5 Sediment  Tota l  Organic  Carbon Analyses

A.  Equipment :  The MEC chemist ry  lab uses an Oceanography In ter-

na t i ona l  mode l  524 -8  to ta l  o rgan ic  ca rbon  sys tem fo r  t he  de te r -

m ina t i on  o f  t o ta l  o rgan ic  ca rbon  i n  sed imen ts .  Th i s  sys tem

ut i l izes a Hor iba model  PIR 2000 in farared gas analyzer  and an

ampule seal ing uni t  manufactured by Oceanography In ternat ional .

The method used is  that  recommeded by the manufacturers wi th

mod i f i ca t i ons .

B .  Ca l i b ra t i on  P rocedure

1.  Dry Potass ium Biphthalate at  1200 C for  2  hours and

a I1ow  to  coo l  i n  a  dess i ca to r .

Weigh out an appropriate amount to micrograms and make up

a  s tock  so lu t i on  ( .  f 5939  g l 25  m l  =  3ugC /u  1 ) .  Th i s

so lu t i on  shou ld  be  used  the  same day  i t  i s  p repa red"

Amounts of  the s tandard so lut ion cover ing the range of

carbon expected in  the samples are d ispensed in to pre-

combus ted  ampu les  w i th  a  I0 -100  m ic ro l i t e r  Eppendor f

p i pe t t e .

0 .2  m1  o f  a  LO7"  v l v  Phosphor i c  ac id  so lu t i on  i s  added

to the ampules conta in ing the s tandards and added.  to

empty ampules for  reagent  b lank determinat ions.

Add  2 .0  n1  wa te r  t o  the  ampu les  (wash ing  down  the  s ides  )  .

2.

3 .

4 .

5 .
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The fo l lowing is  done in  groups of  e ight  arnpules:

a .  Add  0 .2  g  Po tass ium Pe rsu l f a te .

b .  Add  2 .0  mI  wa te r  (wash ing  the  g ranu les  Persu l fa te

down  the  s ides  o f  t he  ampu le ) .

c .  Pu rge  f o r  8  m in .  w i t h  O ,  and  sea l .

The standards and b lanks are ox id ized wi th  a batch of

samp les  and  used  to  ca l i b ra te  on l y  tha t  beach .

C.  SampIe Procedure

1 .  D ry  20 -50  g  subsamp le  a t  70o  C  fo r  a t  l eas t  LZ  hou rs .

2 .  Gr ind  samp les  to  a  homogeneous  powder .

3 .  D ry  powder  fo r  8  hou rs  then  coo l  i n  a  dess i ca to r .

4 .  We igh  p recombus ted  ampu les  t o  t he  nea res t  0 .00001  g .

5 .  Add  samp le  (5 -50  me)  to  the  p rewe ighed  ampu les .

6.  Reweigh the ampules conta in ing the samples.

7 .  Add  I  m l  Phosphor i c  ac id  (L07"  v / v )  each  to  the  samp le

5.

7 .

.8 .

9 .

10 .

ampules and the empty reagent blank ampules.

Add  2 .0  m l  o f  wa te r  t o  samp les  and  b lanks .

A l l ow  to  s tand  fo r  a t  l eas t  30  m inu tes .

The fo l lowing is  done in  groups of  e ight  samples:

a .  Add  0 .2  g  Po tass ium Persu l fa te  to  each  samp le .

b .  Add  2 .0  m l  wa te r  t o  wash  down  the  s ides  o f  t he  ampu le .

c .  Pu rge  fo r  8  m inu tes  and  sea l .

11 .  Conver t  o rgan ic  ma te r ia l  t o  COZ by  p lac ing  the  sea led

ampu les  i n  an  1300  C  au toc lave  fo r  a t  l eas t  f ou r  hou rs .

L2 .  Measure  ca rbon  con ten t  f rom the  amoun t  (mo les )  o f  COr

l i be ra ted .
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C.5 Wave Wash Seston Weight  and Organic  Content  Analyses

A.  Equipment  for  determin ing the amount  of  seston in  a sample of

water  and i ts  carbon content .  The proceedure fo l lows standard

ana lys i s  p rocedures  as  desc r ibed  i n  S t r i c l c l and  and  Parsons  w i th

mod i f i ca t i ons .

1.  Numbered petr i  d ishes

2 .  2 .5  cm GFC f i l t e r s

3 .  2 .5  cm f i l t e r  ho lde r  appa ra tus

4 .  F Ia t - b l aded  f o r ceps

5  "  Squeeze  bo t t l e  w i t h  d i s t i l l ed  wa te r

6 .  Me t t l e r  e l ec t ron i c  m i c ronba lance  t o  0 "0000 I  gm

7.  Dry ing oven

8.  .Muf  f  le  furnace

B .  P rocedu re

1 .  Combus t  2 .5  cm GFC f i l t e r s  a t  450 -5000  C  f o r  4  hou rs  t o

bu rn  o f f  o rgan ic  con taminan ts .

Soak  f i l t e r s  i n  d i s t i l l ed  wa te r  f o r  5  m inu tes  to  remove

ino rg4n ic  b inde rs .

Dry  f i l t e r s  on  a lum inum fo i l  ( sh iny  s ide )  f o r  t  hou r  a t

7Oo  C  and  coo l  i n  a  dess i ca to r .

4 .  We igh  t he  f i l t e r  t o  nea res t  0 .0000 I  gm and  p l ace  i n  a

numbered  pe t r i  d i sh .

2.

3.

5 .  F i l t e r  t he  samp le  th rough  the  p rewe ighed  f i l t e r .

6 .  R inse  t he  f unne l  and  f i l t e r  w i t h  2 -5  n l  o f  d i s t i l l ed

D isconnec t  f rom the  vacuum source  be tween  r i nses  to

wa te r .

a l  1ow
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t he  wa te r  t o  cove r  t he  f i l t e r  f o r  a  few  seconds  be fo re

reapp ly ing  suc t i on  to  renove  excess  wa te r .

7 .  D ry  the  f i l t e r  a t  7Oo  C  fo r  t  hou r  and  coo l  i n  a

dess i ca to r  ( f i l t e r  can  be  d r i ed  i n  t he  pe t r i  d i sh ) .

8 .  We igh  the  d r i ed  f i l t e r  con ta in ing  samp le  ma te r ia l  t o  t he

nea res t  0 .00001  gm.  The  d i f f e rence  i n  we igh t s  f r om s tep

8  and  s tep  4  i s  t he  ses ton .

9 .  P lace  f i l t e r  on  a  combus ted  me ta l  rack  i n  a  mu f f l e  f u rnace

se t  a t  450 -500  o  C  f o r  24  hou rs .

10 .  Coo l  f i l t e r  i n  a  dess i ca to r  and  we igh  t o  t he  nea res t

0 .00001  gm.  The  d i f f e rence  f r om s tep  10  and  s tep  8  i s

the amount  of  carbon.

11 .  F i l t e r  b lanks  shou ld  be  hand led  as  desc r ibed  above  omi t t i ng

s tep  5  ( f i l t e r i ng  the  samp le ) .  B lanks  shou ld  be  run  w i th

each  ba t ch  o f  f i l t e r s .

c.7 Chlorophyl  l -  a /  Phaeophyt  in  Analys es

A .  Wate r  Samp les

1 .  Sc reen  wa te r  samp les  th rough  380p  N ITEX to  remove

la rge  p lank ton i c  o rgan isms .

Wa te r  samp les  i n  L25  m l  p l as t i c  sc rew-cap  bo t t l es ,  kep t

cold and in dark

F i l t e r  samp les  (50  m1  fo r  j - nsho re  samp les )  on to  M i l l i po re

AA  f i l t e r s .

P lace  f i l t e r  i n  sc i n t i l l a t i on  v i a l r  cove red  w i t h  100%

ace tone  (907 "  ace tone  used  i n  Augus t  su rvey )  ( seve ra l  m l ) ,

2.

3.

4 .
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6 .
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5.

8 .

9 .

cap ,  shake ,  p lace  i n  f reeze r  t o  ex t rac t  i n  da rk .

A f te r  ex t rac t i on ,  f i l t e r  and  ace tone  t rans fe r  t o  g r i nd ing

tube,  ground wi th  addi t ional  907"  acetone,  s lur ry  f i l ter

th rough  g lass  f i be r  f i l t e r  t o  remove  deb r i s .

B r ing  vo lume o f  c lea red  ex t rac t  t o  I 0  m1 .

Read  f l uo rescence  a I  ex t rac t  on  Tu rne r  I I I .

Ac id i fy  sample (2 drops 10% HCI)  and read again.

Calcu late ch lorophyl l  and phaeopigment  concentrat ions.

Add LOO7" acetone to cover  sand,  cap.

Shake  v igo rouS ly ,  p lace  i n  f reeze r  t o  ex t rac t ,  shake  seve ra l

t imes  du r ing  ex t rac t i on .

Separate sand f rom ext ract  by screening"

Rinse sand severa l  t imes wi th  sma11 volume of  9O7" acetone.

Br ing vo lume to 10 mI  wi th  90% acetone ext ract  and ac id i f ied

ex t rac t .

Read Turner  I I I  as for  water  samples.

Ca Icu la te  p igmen t  concen t ra t i ons  on  a  pe r -  a rea  bas i s .

B .  Sand  Samp les

t .  Co l l ec t  samp les  by  push ing  a  p las t i c  sy r i nge  (w i th

the end eut  o f f  and bevel led)  in to sand to a set

dep th ,  ex t ruded  samp le  i n to  a  sc in t i l l a t i on  v ia l  o r

other  conta iner  wi th  s topper ,  kept  co ld and in  the dark.

2.

3 .

7 .

8 .

Ca lcu la t i ons

1 "  ug  ch lo rophy l l - a /1 i t e r for  wave wash samples

f i l t e red ;C (Rg -  RA) FO/ vo lume
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2.  ug

c

ug

c

ug  ch lo rphy l l - a / cm fo r  sand  samp les

C (Rg -  Re)  Fp/  sur face area sand (cm

where Rg

Rr

f l uo rescence  be fo re  ac id i f i ca t i on  and

f l uo rescence  a f t e r  ac i d i f i ca t i on .

phaeophyt in /1 i ter  for  wave wash samples

( .Re  -  RB)  FO/  vo lume f i l t e red ;

z
phaeophyt in /cm for  sand samples =

( .R l  -  RB)  Fo /  su r face  a rea  sand  ( " * t )

where inst rument  speci f ic

"ac id i f i ca t i on  ra t i o

=  s i l t  f ac to r

ca l i b ra t i on  cons tan t  and

"  ( a l so  i ns t r umen t  spec i f i c ) and
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APPENDIX D

This  appendix  documents the analy t ica l  techniques that  were used
in the evaluat ion of  three of  the examined measures of  sand crab
popu la t i ons :  we igh ted  mean  abundance ,  s i ze  modes ,  and  c lu t ch  s i ze .
Me thods  used  i n  mu l t i p le  reg ress ion  ana lys i s  a re  a l so  p resen ted .

D.1 Weighted Mean Abundance

This  sect ion documents the equat ions used to ca lcu late the mean
abundance per  beach by s t rat i f ied random sampl ing and those used to test
fo r  a  beach  e f fec t .  The  equa t ions  fo r  beach  abundance ,  beach  va r iance
and the degrees of  f reedom per  beach are f rom Cochran (1963)  and are
noted by equat ion number and page.

The steps involved in  the computat ions are:

1 .  Sum the  number  o f  c rabs  pe r  t ow  ove r  s ieve  s i zes  5 -20 .

2 .  Log  t rans fo rm (x+1 )  the  number  o f  c rabs  pe r  t ow .

3.  Determine the mean.  var iance and number of  tows in  each st ratum.
There  a re  two  s t ra ta  pe r  beach  on  pa tchy  beaches .  A11  pa tches  fo rm
one st ratum; a l l  in terpatches the second.  Banded beaches (where
sand crabs a l ign themselves longshore wi th  v i r tua l ly  no break)  form
on ly  one  s t ra tum.

4 .  Compu te  the  number  o f  poss ib le  L l4  m w ide  s led  tows  i n  the  l eng th
of  beach covered by each st ratum.

Compu te  the  number  o f  poss ib le  L l4  m w ide  s led  tows  on  the
hab i tab le  ( .  807"  cobb le )  po r t i ons  o f  each  beach .

5 .  Pe r fo rm s teps  6a  th rough  6e  fo r  each  beach .

6a .  Ca l cu la t i ng  t he  mean  abundance  pe r  ( eq .  5 .1 ,  p "89 ) :

Nt, Yt

5 .

2
xI

T
I
I
I
I
I

v' e

N

the mean abundance per beach

=  the  number  o f  poss ib le  s led  tows

the mean number of  crabs per  tow

Nt *N2

h=1

where 1r =-e

Nh

vh
N

per s t ratum

in s t ratum h
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6b .  Ca l cu la te  t he  va r i ance  pe r  beach  (E .1 .  5 .11 ,  p .93 ) :

t -
s - (v  )  =

t
where s ' (ye)  = the var iance of  the mean abundance per  beach

th = the actual  number of  s led tows in  s t ratum h
t

sh-  = the var iance of  the number of  crabs per  tow in  s t ratum

6c .  ca l cu la te  the  deoBrees  o f  f  r eedom pe r  beach  (Eq .  5  .  15  ,  p .  95  )  :

( r  Bnsh )  Nn(Nn -  rn)

Bh=
-  24t E h " h

;i--Tn

degrees

the mean

th

/2Llx*t='
\

Nn(Nn-nn, 
"n'\

" " )

where n = thee

7 .  Ca l cu la te
beach :

o f  f reedom pe r

abundance per

M
xr"

e= l

M

X (n .+  1 )

from the abundance per

.l

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

v =

b e a c h

survey

M

where M = the number of  beaches

8 .  Ca lcu la te  the  be tween  beach  mean  squa f ,e :

B .B .  mean  squa re  =  e= l
M-1

9 .  Ca lcu la te  the  w i th in  beach  mean  square

M
. r -

x s. (  v . )
W.B.  mean  squa re  =  e= l

M
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Calculate the wi th in  beach degrees of  f reedom:

WBd f=Xn
e

Calculate the F va lue for  the BBdf  and WBdf :

F  va lue  =  B .B .  mean  squa re
W.B .  mean  squa re

An example of
f o11ows ,  s t ep

1 .  Number  o f

the  ca l cu la t i ons  fo r
by step as numbered

crabs per  tow:

the 45 km S
above]-

beach on the Ju ly  survey

TOW

Patch  o r  I n te t c
S i e v e

20
19
18
L7
15
I5
L4
13
L2
t1
10

9
8
7
6
5

To ta l  sand  c rabs / tow

I P I P P

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

0
0
0
I
I
2
1
4
9

7L
88
32
15
36
33
93

387

0
0
0
I
I
1
2
3

13
90
73
58
33
34

180
2L9
713

2.86

0
0
I
0
0
0
0
0
I
I
2
0
2
4

32
15-37

L.77

0
0
0
3
2
4
9

15
55

L29
88
27

L2
81
58

4fr
2.96

0
0
0
0
0
0
1
6

24
L26
111

t /
24
28

L25
224
/ 4 6

2 "87

0
0
0
0
0
0
0
0
1
0
5
7
2
7

35
62

TT9

2.08

s izes  :

2 .  LOc  ( c rabs / t ow  +1 ) :  Z .59

3 .  S t ra ta  means ,  va r i ances  and

Yu = LOG MEAN
,

"h- 
= VARTANCE

rh = TOWS

STRATUM SIZE

4 .  Poss ib l e  number  o f  0 .25  m
Nh

5  "  Poss ib l e  number  o f  O .ZS  m
N=

w ide  s l ed  t ows /s t r a tum:
=  1084  702

w ide  s l ed  t ows /hab i t ab le  beach :
1084*7O2=L786

Pat  ch
2.7s

0.018

4

271  m

Interpatch
t .  93

0 .048

2

L75  "5  m
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6a. Mean abundance per beach:

i  + rO*  ,  
=  (2 .75  >k  (1084 /1786) )  +  (1 .93  > !  (7OZ l17S6) )
=  2 .43  sand  c rabs / tow (1oe  mean)

6b .  Va r iance

I
t
I
I
I
I
I
I
T

4

7OZ- : . (702_Z\

u2

Per

45km

b e a c h :

"  
=  ( (  1084  ) ' k  (  1084  -  4  )  *  (  0 .018  /  4  ) )

D

(  L786 :k L786 )

( (  702  )  ' k  (  702  -  2  )  *  (  0 .048  /  2  ) )
(  1786 :k  L786 )

=  0 .005

6c.  Degrees  o f  f reedom per  beach:

Bpatch = 1084:k (1084-4 ) = 29258Q

Binterpatch = = 245700

2

( (  292680 :k  .0017  )  +  (  245700 :k  .0037  ) )zt45kms=
n t -

( ( 292580 '  : k  .OOL7L  ) /  ( 4 -1 )  )  *  (  ( 2457004  : k  . 0037 ' )  lQ - r )  )

= 2.2

Thus the beach at  45 km S has a mean number of  sand crabs per  tow
2 .43 ,  a  va r iance  o f  0 .0OF and  deg rees  o f  f reed ,om o f  2 .2 .  Thes l  va lues
calcu lated in  the same manner  for  a l l  o ther  beaches (Ju1y survey)  are
shown bei low.

I
t
I
I
I
t_
t
T
I
t

o f

BEACH
115 km N
100 krn N
79kmN
15 .5  km N
L2kmN
5 .5  km N
1 .5  km N
0 .4  km N
1 .5  km S
6 .5  kn  S
LZkmS
t8knS
25kmS
45kmS
65kmS
L

M

DENSITY
2.79
2  .37
0 .  13
o.s2
2.L4
2 .46
0 .60
L .7  9
L .66
2 .4s
L.69
1 .20
2 .82
2 .43
0 .81

TTfr
15

VARIANCE
0 .009
0 .037
0  .000
0 .037
0 .017
0 .039
0 .071
0 .021
0 .072
0  .050
0 .040
0  .026
0 .004
0 .005
0.2s2
d.3-BT

l 5

DEGREES OF FREEDOM
5.0
5 .0
3 .0
5 .0
5 .0
5 .0
4 .0
5 .0
L .2
5 .0
1 .0
1 .0
5 .0
2 .2
1 .0

sl .r
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7. Mean abundance per survey:

ys  =  25 .87  /  L5

Between beach mean square:

BB  mean  squa re  =  3 .80

With in beach mean square:

WB mean  squa re  =  0 .681  I  L5  =

= L .72

0 .045

D.2  S i ze  Modes

The mean of the maximum size mode of males and mean of the mi-nimum

s ize  mode  o f  f ema les  w i th  eggs  were  de te rm ined  us ing  a  me thod  f rom

Wenner  ( f 982 ) .  The  cumu la t i ve  pe rcen t  o f  f ema les  o r  ma les  were  p lo t ted

on  no rma l  p robab i l i t y  paper  aga ins t  s ieve  s i ze  fo r  each  s led  tow  w i th  a t

l eas t  f i ve  f ema le  o r  ma le  sand  c rabs .  (F i gu re  D -1 ) .  S i ze  modes  we re

determined by drawing st ra ight  l ines to  best  f i t  the data points

(Cass ie ,  L954 ) .  Th i s  me thod  i s  sub jec t i ve ;  howeve r ,  t he  sub jec t i v i t y  i s

lessened by tak ing in to account  natura l  breaks in  the data,  such as any

sharp  i nc reases  i n  t he  s lope  o f  t he  ove ra l l  cu rve ,  and  the  ho r i zon ta l  o r

ve r t i ca l  t r end  be tween  po in t s .  The  m in imum s i ze  mode  o f  f ema les  w i th

eggs  was  cons ide red  to  be  composed  o f  a l l  da ta  po in t s  fo r  t he  sma l l es t

s ieve  s i zes  connec ted  by  a  s t ra igh t  1 ine .  S im i l a r l y ,  t he  max imum s i ze

mode  o f  ma les  was  cons ide red  to  be  composed  o f  a l l  da ta  po in t s  fo r  t he

la rge r  s ieve  s i zes  connec ted  by  a  s t ra igh t  l i ne .

Once  these  modes  were  i den t i f i ed ,  a  two -s tep  p rocess  was  app l i ed

in order  to  determine the i r  means.  The mean of  the min imum s ize mode of

fema les  w i th  eggs  was  de te rm ined  by  f i r s t  expand ing  the  sca le  o f  t he

mode  to  100% then  i den t i f y i ng  the  med ian  va lue  on  th i s  expanded  sca le .

The  sca le  expans ion  was  accomp l i shed  by  f i r s t  de te rm in ing  the  m idpo in t
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between the h ighest  cumulat ive percentage point  in  the min imum mode and

the lowest  po int  in  the next  larger  mode.  This  midpoint  va lue was set  a t

1007" and the scale of  the min imum mode then expanded by mul t ip ly ing each

va lue  by  the  fac to r :  I 00%/midpo in t%.

The scale exPansion for  determin ing the mean maximum mode of  males

was accomPl ished by determin ing the rn idpoint  between the lowest

cumulat ive percentage point  in  the maximum mode and the h ighest  po int  in

the  nex t  l ower  mode ,  t hen  app ly ing  the  fo l l ow ing  equa t ion  to  each  va lue

conta ined in  the maximum mode:

Expanded cumulatLve % =

(o r ig ina l  cumu la t i ve  % -  m idpo in t  %)  (LOI ' / "1 (100% -  m idpo in t  %)  )

The  50% midpo in t  o f  t he  expanded  sca les  were  cons ide red  the  mean  s i ze  o f

t he  modes .

D .3  C lu t ch  S i ze

C lu tch  s i ze  was  es t ima ted  f rom the  measured  d i sp laced  vo lume o f

the  egg  mass  and  d iamete r  o f  eggs  us ing  the  fo l l ow ing  equa t ion :

N=V /M

where :

N  =  number  o f  eggs  I  egg  mass ,  o r  c lu t ch  sLze ,

V  =  vo lume  o f  egg  mass  (1 rn l  =  1000  mmt ) ,  and

M =  mean  vo lume o f  eggs  i n  t he  egg  mass  (mm 
t  

) .

The  c lu t ch  s i ze  o f  egg  masses  f rom fema les  w i th  o range  eggs  was

compared  among  beach  s i t es .  Be fo re  th i s  cou ld  be  done ,  t he

re la t i onsh ips  be tween  s i ze  o f  t he  fema les  and  the  d iamete r  o f  t he i r  eggs

and the vo lume of  the i r  egg masses were determined.  The mean d iameter  of

10  eggs  pe r  exa rn j -ned  egg  mass  was  p lo t ted  aga ins t  s i ze  ( s ieve  s i ze )  o f
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the female sand crabs.  The d iameter  of  the eggs and the s ize of  the

an ima l  was  un re la ted  (F igu re  D-2 ) .  I n  con t ras t  a  pos i t i ve  re la t i onsh ip

was found between the vo lume of  the egg masses and sLze of  the female

sand  c rabs .  C1u tch  s i ze  was  1og  t rans fo rmed  p r io r  t o  s ta t i s t i ca l

analys is  to  help l inear ize a.h.  re la t ionship between animal  s ize and

c lu t ch  s i ze  (F igu re  D -3 ) .

The mean volume of  eggs in  an egg mass was computed f rom the mean

diameter  of  a l l  measured eggs based on the assumpt ion that  eggs are

spher i ca l  (a f te r  E f fo rd ,  1969) .  The  fo l l ow ing  equa t ion  de r i ved  f rom

the  equa t ion  fo r  a  sphere  was  used :

meanvo lume  o f  eggs  i n the  eggmass  =  4 l 3n r t  =  0 .5236  d '

where d = d iameter  ( rnm).

D i f f e rences  among  beach  s i t es  were  s ta t i s t i ca l l y  compared  us ing

S tuden t -Newrnan-Keu1s  (SNK)  tes ts  on  l eas t  squa re  means  (LSMEANS)  a f te r

the Analys is  of  Covar iance (ANCOVA) demonstrated that  the re la t ionship

( s1ope )  be tween  an ima l  s i ze  and  c l u t ch  s i ze  was  no t  d i f f e ren t  ( p  t  0 "05 )

among  beach  s i t e  g roup ings  ( i . e . ,  nea r .  no r t h ,  and  sou tho f  SONGS) "  I t

should be noted that  SNK was per formed on the LSMEANS, which ate

est imated by the regress ion us ing the covar ia te,  wi th  the understand. ing

that  groups formed at  an a lpha 1evel  was unknown but  thought  to  be c lose

to  0 .05 .

Dur ing  a  qua l i t y  con t ro l  examina t i on  o f  a l l  egg  masses  o f  b r i gh t -

orange eggs that  were inc luded in  the analys is  o. f  c lu tch s  Lze,  i t  was

obse rved  tha t  egg  masses  somet imes  d i f f e red  i n  t he  re la t i ve  p ropo r t i on

o f  spen t  egg  cases  among  b r i gh t -o range  eggs .  These  spen t  egg  cases  were

empty and therefore were of  far  less vo lume than the eggs.  These

observa t i ons  were  cons ide red  o f  po ten t i a l  impor tance .  t he re fo re r  each

egg  mass  was  g i ven  a  qua l i t a t i ve  des igna t i on  acco rd ing  to  i t s  re la t i ve
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amoun t  o f  spen t  egg  cases .  The  des igna t i ons  were  as  fo l l ows :  no  spen t

egg  cases ,  ve ry  few  spen t  egg  cases  (eggs  fa r  ou t -numbered  spen t  egg

cases ) ,  f ew  spen t  egg  cases  ( spen t  egg  cases  apparen t  bu t  no t  as

abundan t  as  eBBs) ,  and  seve ra l  spen t  egg  cases  ( spen t  egg  cases  as

numerous  as  eggs ) .  Resu l t s  o f  t he  " l abo ra to ry  obse rva t i on "  showed  tha t

of  the examined egg masses,  387"  of  them f rorn the "nor th"  s i tes ( f15 km N

and 100 km N) and 6411 of  them f rom the "near"  s i tes (12 km N to 12 km S)

had  spen t  egg  cases .  Tn  con t ras t ,  on l y  2% o f  t he  examined  egg  masses

f rom the  "sou th "  s i t es  (18  km S  to  65  km S)  had  spen t  egg  cases .  A

con t i ngency  ana l ys i s  by  Ch i - squa re  (Za r ,  L974 :  p .  59 )  on  t he  t h ree  beach

s i te  g roups  (Nor th ,  Near ,  and  Sou th )  ve rsus  the  spen t  cond i t i on

(seve ra l  p lus  few : ' r ,  ve ry  few ,  none)  i nd i ca ted  tha t  t he  occu r rence  o f

spent  egg cases in  c lu tches was not  independent  of  beach s i te  group (X2

=234 .77 ,p . . 01 ) .

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 ,  eEB masses  w i th

greater  Ehan 507"  egg cases in  spent  condi t ion were not  inc luded in  the

c lu t ch  s i ze  ana lyses .  Even  w i th  th i s  res t r i c t i on ,  L9% o f  t he  egg  masses

f rom the  "no r th "  s i t es  and  57% o f  t he  egg  masses  f rom the  "nea r "  s i t es

had  some spen t  egg  cases .

D .  4  Mu l t i p l e  Reg ress ion

A t t r i bu tes  o f  sand  c rab  popu la t i ons  tha t  exh ib i t ed  a  l oca l i t y

e f fec t  re la t i ve  to  SONGS were  sub jec ted  to  mu l t i p le  reg ress ion

ana lys i s .  A  backward  e l im ina t i on  Eechn ique  (STEPWISE p rocedure ;  SAS,

"  The  g roups  "seve ra l "  and  " few"  had  to  be  poo led  to  mee t  res t r i c t i ons
o f  t he  ana l ys i s .
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L982)  was used to reduce the number of  env i ronmenta l  var iab les inc luded

in  the  mode l .  The  fu11  se t  o f  18 -19  env i ronmen ta l  va r i ab les  was  i nc luded

in  the  f i r s t  s tep  (S tep  0 )  o f  t he  bac l cwards -e l im ina t i on  p rocedure  i f

t he re  were  2L  o r  more  obse rva t i ons  fo r  t he  dependen t  va r i ab le .  A  subse t

o f  t he  fu11  a r ray  o f  env i ronmen ta l  va r i ab les  was  se lec ted  fo r  i nc lus ion

in the backward procedure when there were less than 20 observat ions for

the  dependen t  va r i ab le .  The  subse t  was  se lec ted  to  i nc lude  va r iab les

f rom eaeh  ca tego ry  o f  env i ronmen ta l  measuremen ts  ava i l ab le i  i e . ,

sed imen t  cha rac te r i s t i cs ,  t empera tu re ,  and  po ten t i a l  f ood .  The  subse t

never  inc luded more than (n-2)  independent  var iab les.  where n is  the

number  o f  obse rva t i ons  o f  t he  b io log i ca l  va r i ab le .

Env i ronmen ta l  va r i ab les  were  u l t ima te l y  i nc luded  o r  exc luded

dur ing  the  s tepw ise  p rocess  on  the  bas i s  o f  t he i r  con t r i bu t i on  to  the

reg ress ion  re la t i onsh ip .  The  SAS p rocedure  s topped  e l im ina t i ng

va r iab les  when  the  s ign i f i cance  (P  >  F )  o f  each  o f  t he  re ta ined

independen t  va r i ab les  was  l ess  than  .  I 0 .  As  the  l ess  co r re la ted

va r iab les  a re  e l im ina ted  i n  t he  backward  p rocedure ,  t he  R2  (square  o f

the  mu l t i p le  co r re la t i on  coe f f i c i en t )  dec reases  s l i gh t l y  bu t  t he
.>

adjusted R'  increases to  a maximum value;  i f  addi t ional  env i ronmenta l

var iab les are e l iminated af ter  the maximum adjusted R2 is  reached,  the

loss  o f  co r re la t i on  causes  the  ad jus ted  R2  to  dec rease .  The  ad jus ted  R2

depends on the number of  independent  var iab les as wel l  as the

co r re la t i ons .  The  max imum va lue  o f  t he  ad jus ted  R2  was  used  to  de f i ne

the  "op t imum"  reg ress ion  resu l t .  The  ad jus ted  n2  (mu1 t ip le  co r re la t i on

coe f f i c i en t  )  as  we l l  as  the  number  o f  env i ronmen ta l  va r i ab les  were

examined  to  de te rm ine  the  mos t  "pa rs imon ious "  resu l t .

I n  a l l  cases  where  the  l as t  s tep  o f  t he  SAS p rocedure  co inc ided

w i th  the  max imum ad jus ted  R2 ,  we  accep ted  i t  as  the  mos t  "op t ima l "  and
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"pa rs imon ious "  resu l t .  N ine  o f  t he  L4  reg ress ions  tha t  a re  p resen ted

here in s topped by the ru le  of  maximum adjusted R2.  I f  the backward

var iab le-e l iminat ion procedure had not  s topped at  the rnax i rnum adjusted
,

R '  (=  "op t imum"  resu l t ) ,  t he  e l im ina t i on  s teps  a f te r  t he  op t imum resu l t

were  examined .  A  more  pa rs imon ious  s tep  ( i . e . ,  f ewer  i ndependen t

va r iab les )  was  se lec ted  to  ease  i n te rp re ta t i on  i f  t he  ad jus ted ,  R2  was

reduced  less  than  .05  f rom tha t  o f  t he  "op t imum"  resu l t  (e9 . ,  ad jus ted
t ,

f r om R-  =  . - / 9  t o  R -  =  . 74 ) .  I n  t he  case  whe re  t h ree  c l ose l y  a l 1 i ed

b io l og i ca l  va r i ab les  we re  ana l yzed  ( i . e . ,  %  o f  a l l  f ema les ,  %  fema les  >

10 mm to 13 mm, arrd.  % females > 13 mm),  the adjusted R2 of  the three

ana lyses  were  consu l ted  to  a r r i ve  a t  a  pa rs imon ious  i n te rp re ta t i on .

The  "pa rs imon ious "  resu l t  was  fu r the r  eva lua ted  to  asses  the  f i t

o f  t he  mode l .  Cook ' s  D  s ta t i s t i c s ,  wh i ch  i s  a  measu re  o f  i n f l uence

(Cook ,  L977  ,  L979 ;  SAS  ,  L982 ) ,  we re  exam ined  f o r  each  beach  s i t e  t o

determine whether  there were observat ions having undue in f luence on the

reg ress ion  resu l t .  A  h i gh  Cook ' s  D  f o r  a  pa r t i cu l a r  beach  s i t e  i nd i ca tes

ei ther  that  the re la t ionship between the envi ronnenta l  and b io log ica l

va r iab les  i s  d i f f e ren t  f o r  t h i s  beach ,  oF  tha 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 re  was  a  beach  s i t e ( s )  w i t h  a  s i gn i f i can t  ( as  compared to  F -

va lues ;  D rape r  and  Sm i th ,  1981 ,  p .  l 70 )  Cook ' s  D ,  t hen  t he  obse rva t i ons

fo r  t ha t  beach  s i t e  were  de le ted  and  the  reg ress ion  was  re - run  and  the

resu l t s  w i th  and  w i thou t  t he  i n f l uen t i a l  obse rva t i ons  were  compared .

Cabr i l l o  Beach  had  s ign i f i can t  Cook ' s  D  i n  the  p re l im ina ry  reg ress ion

runs,  for  i t  had ext reme values for  severa l  env i ronmenta l  var iab les

( see  sec t i on  3 . f ) ,  wh i ch  exh ib i t ed  abe r ren t  r e l a t i onsh ips  w i t h  Ehe

b i -o log i ca1  measures .  To  improve  the  eva lua t i on  o f  re la t i onsh ips

be tween  sand  c rabs  and  the i r  hab i ta t s  a t  o the r  beach  s i t es ,  Cabr i l l o
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Beach  was  exc luded  f rom a l l  f i na l  reg ress ion  ana lyses .  O the r  beach

s i tes  w i th  s j -gn i f i can t  Cook ' s  D  va lues  were  de te rm ined  fo r  each

reg ress ion  o f  t he  d i f f e ren t  b io log i ca l  va r i ab les  on  a  case  by  case

bas is .  To  p rov ide  compar i so t l s ,  bo th  the  pa rs imon ious  reg ress ion

resu l t s  w i th  a l l  beach  s i t es  excep t  Cabr i l l o  Beach  ( rega rd less  o f

Cook ' s  Dva lues )  and  t he  reg ress ion  resu l t s  w i t h  on l y  beach  s i t es  w i t h

non-s ign i f i can t  Cook ' s  D  va lues  a re  p resen ted  i n  the  ma in  body  o f  t h i s

repo r t .  Th i s  occu r red  i n  on l y  one  case  ( see  Tab le  3 -9 ) .

To determine whether  another  regress ion technique might  produce

d ispa ra te  mode ls ,  resu l t s  us ing  a  fo rward  se lec t i on  p rocedure  i n

mu l t i p le  reg ress ions  were  compared  to  those  o f  t he  backward  e l im ina t i on

p rocedure .  App l i ca t i on  o f  bo th  p rocudures  does  no t  necessa r i l y

gua ran tee  exac t l y  t he  same so lu t i ons .  However .  i f  r esu l t s  o f  bo th

techn iques  a re  s im i l a r ,  t hen  th i s  se rves  to  i nc rease  con f i dence  i n  the

mu l t i p le  reg ress ion  resu l t s .  The  two  p rocedures  ag reed  fa i r l y  we l l  i n

choice of  env i ronmenta l  var iab les especia l ly  when we looked at  outputs

f rom each wi th  equal  numbers of  independent  var iab les.  Out  of  14

regress i -ons,  8  had changes in  none or  one independent  var iab le and three

had  changes  i n  two  va r j -ab les  (Tab le  D-1 ) .  Thus  the  resu l t s  o f  t he

baclcward e l iminat ion technique were considered reasonable.

Two  add i t i ona l  ana lyses  were  pe r fo rmed  us ing  mu t ip le  reg ress ion .

The  f i r s t  i nves t i ga ted  the  i n f l uence  o f  s i t es  nea r  SONGS on  the

reg ress ion  equa t ions .  Us ing  the  i ndependen t  va r i ab les  se lec ted  i n  t he

o r ig ina l  reg ress ion ,  new reg ress ions  l l e re  run  w i thou t  i n fo rma t ion  f rom

two  o f  t he  t h ree  beach  s i t es  w i t h i n  1 .5  km o f  SONGS (s i t es  1 .5  N .  0 "4  N ,

and  1 .5  S )  t o  de te rm ine  how we l l  t he  env i ronmen ta l  va r i ab les  a t  o the r

s i t es  p red i c ted  t he  b i o l ogy  nea r  SONGS.  The  Cook ' s  D  s ta t i s t i c ,  wh i ch

i s  ameasure  o f  i n f l uence .  was  compared  be tween  the  nea r -SONGS s i te  and
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t he  o the r  s i t es  on  each  run .  I f  t he  Cook ' s  D  was  h ighe r  t han  expec ted

(as  de te rm ined  f r omthe  F -s ta t i s t i c :  D rape r  and  Sm i th ,  1981 ,  p .  f 70 )  a t

the  beach  s i t e  nea r  SONGS,  then  th i s  i nd i ca ted  tha t  t he  mu l t i p le

reg ress ion  mode l  poo r l y  p red i c ted  the  b io lg i ca l  cha rac te r i s t i c  nea r

SONGS because the s i te  in  quest ion was having an undue in f luence on

( i . e . ,  f o r c i ng )  t he  reg ress ion  rnode l .  The  resu l t s  a re  p resen ted  i n

Tab le  3 -10  o f  t he  ma in  body  o f  t h i s  repo r t .

The second set  was run to  fur ther  invest igate i f  there were

iden t i f i ab le  t rends  i n  t he  b io lg i ca l  da ta  w i th in  15 .5  km o f  SONGS.

Distance f rom SONGS was inc luded as an independent  var iab le to  examine

i t s  con t r i bu t i on  as  a .p red i c to r  o f  b i o l ogy .  The  f o rwa rd  se lec t i on

p rocedure  was  used  i n  th i s  se t  o f  mu l t i p le  reg ress ions  because  o f  t he

reduced  number  o f  beach  s i t es  ( resu l t i ng  i n  f ewer  obse rva t i ons )  and  the

added independent  var iab le.  I f  d is tance f rom SONGS outper formed other

envi ronmenta l  var iab les and was inc luded in  the f ina l  regress ion

equa t ion ,  i t  wou ld  i nd i ca te  tha t  t he re  was  a  t rend  i n  b io logy  w i th

d i s tance  f rom SONGS and  no ted  i n  the  ma in  tex t .

Mul . t ip1e regress ion analyses were per f  ormed on untransf  ormed

da ta .  P lo t s  o f  t he  da ta  and  reg ress ion  res idua ls  were  examined  to  make

th i s  dec i s ion .  I n  add i t i on ,  f o r  t hose  p lo t s  tha t  i nd i ca ted  a  non - l i nea r

re lat ionship between the populat ion measure and an envi ronmenta l

va r iab le ,  t he  re la t i onsh ips  were  reana lyzed  us ing  t rans fo rma t ions  o f

envi ronmenta l  var iab les;  the reanalys is  d id  not  substant ia l ly  improve

the  re la t i onsh ip .  The  shape  o f  t he  p lo t  de te rm ined  the  t ype  o f

t rans fo rma t j -on  t r i ed  (Dan ie l  and  Wood ,  1971) .

Inc luded at  the end of  th is  Appendix  are suppor t  packages for  each

reg ress ion  mode l  t ha t  i nc lude  the  fo l l ow ing  i n fo rma t ion :  t he  va r iab les

inc luded  i n  the  f i r s t  s tep  ( s tep  0 )  o f  t he  backward  e l im ina t i on
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procedure ,  va r i ab les  re ta ined  i n  the  f i na l  reg ress ion  resu l t ,  pa ramete r

es t ima tes  (=  reg ress ion  coe f f i c i en t s ,  s l opes )  f o r  t he  f i na l  r eg ress ion

resu l t ,  s tandard  e r ro rs  o f  t he  pa ramete r  es t ima tes ,  ANOVA tab les  fo r

the f ina l  regress ions inc lud ing the probabi l i ty  that  the R2 value would

occu r  by  chanee  (p robab i l i t y  o f  s i gn i f i cance ) ,  Cook ' s  D  va lues  fo r  each

beach  s i t e  i n  t he  f i na l  reg ress ion  resu l t ,  t he  ac tua l  and  p red i c ted

va lues  fo r  each  beach  s i t e  (beach  s i t e  =  ID  va r iab le )  i n  t he  f i na l

r eg ress ion  resu l t ,  r es i dua l  va lues ,  and  p l o t s  o f  t he  res i dua l s  ve rsus

d is tance  f rom SONGS.
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SUMMARY

GeneL ic  var ia t ion  a t  25  enzymat ic  loc i  was  s tud ied  by  means o f  s ta rch

and acry lamide ge I  e lec t rophores is  in  popu la t ions  o f  t .he  sand c rab  Emer j ta

anaToga. Average heterozygosity was 0 .07 ( t  0 .  03) and f  ive loci  \ r 'ere

polymorphic.  Chi-square cont ingency analysis indicaLed only a sl ight

he terogene i ty  a t  one locus  (ma la te  dehydrogenase) .  Genotyp ic  ra t ios  a t  an

es terase locus  showed a  s ign i f i can t  he terozygote  de f ic i t  in  some samples  bu t

a  aon-s ign i f i can t  excess  in  o thers .  Ac t iv i t ies  o f  a  phosphog lucomatase and a

g lucosephosphate  isomerase locus  were  marked ly  reduced in  some samples ,

notably those from the vic ini ty of San Onofre Nuclear Generat ing Stat. j -on

(SONGS) and from Cabri l lo Beach. I t  has not yet been determined whether this

is due to a decrease in Lhe amount of the enzymes present or an inhibi t ion of

their  act iv i ty.  Animals from these local i t ies have been shown to have

reduced reproduc t ive  success . I
I
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INTRODUCTION

This  s tudy  repor ts  on  the  popu la t ion  genet ics  o f  the  sand c rab ,  Emer i ta

anaToga in  southern  Ca l i fo rn ia .  Wenner  (1982)  p resented  ev idence tha t  sand

crab popu la t ions  in  the  v ic in i t -v  o f  the  San Onof re  Nuc lear  Genera t ing  Sta t ion

(S0NGS) were under some ty; le of biological  stress. This study examined

genet ic  ev idence fo r  popu la t ion  d i f fe ren t ia t ion  and was par t  o f  a  la rger

s tudy  o f  sanc i  c rab  b io logy  and sand c rab  in te rac t ions  w iLh  SONGS.

The sand crab is one of the most abundant members of the intert idal

sandy  beach fauna o f  Ca l i fo rn ia .  Adu l t  sand c rabs  are  ub iqu i tous , .  bu t

pa tch i l y  d is t r ibu ted  (E f fo rd  1965) .  Larvae spend up  to  four  months  in  the

plankton before sett l ing ia the \ i inter and Spring (Barnes and Wenner 1958 '

E f fo rd  1970) .  S ince  the  an imals  have such a  good po ten t ia l  fo r  d ispersa l ,

one migh t  expec t  to  f ind  l i t t le  ev idence fo r  popu laL ion  d i f fe ren t ia t ion .

However,  commercial  sand crab f ishermen claim to be able to deternine t 'he

source  o f  a  g iven ind iv idua l  f rom i ts  appearance (K .  Herb inson,  pers .  comm.)

wh iCh suggesLs  e i ther  phenotyp ic  response to  a  par t i cu la r  locaL ion ,  o r

perhaps  pos t -se t t lement  se lec t ion  and d i f fe ren t ia t ion .  The la tLer  e f fec t  has

been documented in  severa l  in te r t ida l  o rgan isms (Koehn e t  a I .  1973,  Koehn e t

a}.  1976).  The presumed "stress" on the-populat ions in the vic ini ty of SONGS

m. igh t  then be  de tec ted  as  an  a l te ra t ion  o f  typ ica l  a l le le  o r  Senotype

f requenc ies  aL  one or  more  enzymat ic  loc i .
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I{ATERIALS AND IqETHODS

Sand c rabs  v rere  co l lec ted  f rom severa l  loca l i t ies  in  Ca l i fo rn ia  by

personne l  o f  Mar ine  Eco log ica l  Consu l tan ts  (MfC) ,  So lana Beach,  Ca l i fo rn ia .

A f ]  an ima ls  $ere  co l lec ted  be tween 2  and 6  August  1983.  An imals  were  washed

f ree  o f  sand and sor ted  by  -s ize  wh i le  s t i l l  a l i ve ,  then ind iv idua ls  to  be

used fo r  e lec t rophores is  were  f rozen on  dry  i ce .  Samples  were  kept  a t .  -20oC

unt i l  used.

.  Procedures  fo r  s ta rch  ge1 e lec t rophores is  fo l lowed Ne lson and Hedgecock

(1980)  w i th  some except ions .  Severa l  enzymes as  r+e l l  as  genera l  p ro te ins

were  more  eas i l y  reso lved a f te r  e lec t rophores is  on  5% (w/v )  po lyacrv lamide

ge1s.  S tarch  ge ls  were  10% (w/v )  S igma s ta rch  (Lo t  l l23F-0772) .  Es terase was

a s s a y e d  u s i n g  t h e  e s e r i n e  m e t h o d  o f  S e l a n d e r  e t  a I .  ( 1 9 7 1 )  w i t h

c<-aapthylbutyrate and B-napthylaceLate as substrates. Malate dehydrogenase,

mannosephosphate  isomerase and phosphog luconutase were  a lso  assayed a f te r

Se lander  e t  a I .  (1971) .  G lucosephosphate  isomerase was assayed by  the  method

of  Corb in  (1977) .  A I I  s ta ins  tha t  used g lucose-6-phosphate  dehydrogenase

were  mod i f ied  accord ing  to  Buth  and Murphy  (1980) .  Tab le  1  g ives  s ta in  and

buffer combinat ions as wel l  as the number of loci  resolved with each enzyme

sta in"  -  Mu1t ip le  loc i  a re  named in  o rder  o f  inc reas ing  anoda l  nob i l i t y .

Not  a I I  ind iv idua ls  were  ana lyzed fo r  var ia t ion  a t  a I I  loc i .  An  in i t ia l

survey deLermined that f ive loci  were suff ic ient ly polymorphic to be

in fo rmat ive  in  an  ana lys is  o f  popu la t . ion  d i f fe rences  (PGM-2,  l lDH-2 ,  MPI ,  GPI

and EST-3) .  Those loc i  were  ana lyzed in  a l l  ind iv idua ls  f rom s ix  samples :

Mor ro  Bay ,  Hermosa Beach,  SONGS i - .4  h  N,  SONGS 1.5  h  S ,  Horno Canyon,  and

c-7



Tab le  1 .  S t .a i .n  and bu f fe r  combina t ions  fo r  e lec t rophores is .  Buf fe r  sys tems:
P 0 U l  =  d i s c o n t i n u o u s  B o r a t e - T r i s - c i t r a t e ,  " P o u l i k "  ( S e l a n d e r  e t  a l .  1 9 7 1 ) ;
T C 7  =  T r i s - c i t r a t e - E D T A ,  p H  7 . 0  ( A y a l a  e r  a l .  1 9 7 3 ) ;  T B E  9 . 2  =  T r i s - b o r a t e - E D T A ,
p H  9 . 2  ( A y a l a  e t  a I .  1 9 7 3 ) ;  T B E  8 . 2  =  T r i s - b o r a t e - E D T A ,  p H  8 . 2  ( M a n i a t i s  e t  a I .
1982) .  Enzlmes marked wiLh a " j ."  erere run on polyacrylarnide gels.

Enzyme Abbreviat ioa E.C.  # Buf fer i l  o f  Loc i

' t

t
I

t
I
i
I
I

-,
-
.j

i
I
t
l

A c i d  p h o s p h a L a s e

E s L e r a s e

Genera l  Pro te ins

Glucosephosphate  isomerase

Glucose-5-phosphate
dehydrogenase

Glutamate dehydrogenase

Glycera Idehydepho sphate
dehydrogenase

Lactate dehydrogenase

Leucine aminopept idase

MaIa te  dehydrogeuase

Mannosephosphate  isomerase

Phosphoglucomutase

Superox ide  d ismutase

Tetrazol ium reductase

ACP

EST*

GF}

GPI

G-5-PDHY.

3. r .3 .2

q ? 1 0

1 .1 .1 .49

1 .4 .1 .2

TC7

TBE 8 .2

TBE 8 .2

POUL

TBE 8 .2

TBE 9 .2

TBE 8 .2

POUt

POUT

TC7

TBE 9 .2

POUL

TBE 9 .2

TBE 9 .2

2

5

1
t

GAPDHf.

LDH

LAP

IIDH

MPI

PG},I

SOD

TR

1

1

1

2

1

2

2

)

t
I
I
t
t
I
t
I
T

G.B
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La Jo l la  (F ig .  1 ) "  A  smal l  number  o f  ind ivuda ls  f rom seven o ther

were  s tud ied  on ty  fo r  leve ls  o f  ac t i v i t y  o f  PGM and GPI .  | Ios t  o f

ana l l ' s i s  was  per fo rmed us ing  the  BIOSYS- i  package o f  computer

( S r + o f f o r d  a n d  S e l a n d e r  1 9 8 1 ) .

samples

t h e  d a t a

programs
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RESULTS

Genet ic  var ia t ion  hras  measured a t  25  presumed genet ic  loc i .  A l though

in i t . ia l l y  I  t r ied  to  dup l i ca te  the  e lec t ropbore t ic  p rocedures  o f  Ne lson and

H e d g e c o c k  ( i 9 8 0 )  e x a c t l y ,  I  w a s  n o t  a b l e  t o  s u c c e s s f u l l y  r e s o l v e  s e v e r a L

enzymes us ing  the i r  methods .  I  was  ab le  to  inc rease the  number  o f  loc i .  in  a

few cases ,  by  chang ing  to  d i f fe ren t  e lec t rophores is  o r  s ta in  bu f fe rs ,  bu t  fo r

some loc i  I  cou ld  no t  d iscover  the  proper  se t  o f  cond i t ions .  Th is  migh t  be

due to  d i f fe rences  be tween lo ts  o f  s ta rch  or  o ther  unknown fac lo rs  (Shaw and

P r a s a d  1 9 7 0 )  "

T h e  a v e r a g e  h e t e r o z y g o s i t y  a t  a l l  l o c i  w a s  0 . 0 7  ( t  0 . 0 3 )  a n d  f i v e  l o c i

were  po lymorph ic  ( f requency  o f  the  most  common a l le1e less  thao 0 .95) "

AI le Ie  f requenc ies  a t  the  po lymorph ic  loc i  fo r  s ix  popu laL ions  are  in

T a b l e  2 .

There  was on ly  a  s l igh t  ind ica t ion  o f  genet ic  d i f fe renL ia t ion  among the

s ix  samples .  Ch i -square  cont ingency  ana lys is  o f  a I I  loc i  combined ind ica ted

no s ign i f i can t  he terogene i ty .  However ,  there  was s ign i f i can t  d i f fe ren t ia t ion

at  the  MDH-2 locus  when measured a lone (Tab le  3 ) .  One can a lso  inves t iga te

popu la t ion  d i f fe rences  in  more  de ta i l  by  ca lcu la t ing  genet ic  d is tances ,  and

assoc iaL-ed Ch i -squares ,  fo r  a l l  pa i rs  o f  popu la t ions  (Ne i  and Roychoudhury

1974) .  h lhen da ta  f rom a l l  loc i  were  used (Tab le  4 )  none o f  the  pa i rs  o f

populat ions l i ras di f ferent.  Al though the comparison between }Iorro Bay and

Horno Canyon was susp ic ious  (p  <  "05) ,  because i t  was  one o f  15  compar isons

based on  the  same data  the  leve l  o f  d ivergence rn 'as  no t  su f f i c ien t  to  be

s ign i f i can t .  When on ly  da ta  f rom s ing le  Ioc i  were  used,  two compar isons

based on  Lhe l tDH-2  locus  were  s ign i f i can t ,  wh i le  one based on  Lhe EST-3  locus

G - l  I



Tab le  2 .  A l le le  f requenc ies  fo r  Emer i ta  anaToga.  Popu la t ion  code:
1  =  M o r r o  B a y ,  2  =  H e r m o s a  B e a c h ,  3  =  S O N G S  0 . 4  k m  N ,
4  =  S O N G S  1 . 5  k m  S .  5  =  H o r n o  C a n v o n .  $  =  L a  J o I I a .

Poou la t ion

Locus

I
I
t
t
I

I

I ,-

)

I
I

I

PGM

},1DH

MPI

GPI

EST

39
0.000
n  ? Q a

0 .628
0 .038

37
0 .257
0 .743

50
0 .020
0  . 950
0 .030

19
0 .815
0 .  158
0 .a25

43 "
0 .  035
0 .727
o.Zzt
0 .023

39
0 .000
0 .397
0 .590
0 .013

37
0 .392
0 .608

40
0  . 025
0 .925
0 .050

28
0 .857
0 .  143
0  . 000

37
0 .095
0 .595
0 .311
0 .000

8
0  . 000
0  . 438
0  . 563
0  . 000

34
0 .191
0  . 809

24
0 .000
0 .938
0  . 053

1
1 .000
0 .000
0 .000

59
0 .034
a .627
0  . 339
0 .000

15
0  . 000
0 .433
0 .557
0 .000

23
0  . 283
0 .717

25
0  . 000
0  . 980
0  . 020

4
1  . 000
0 .000
0  . 000

16
0 .031
0 .719
0  . 250
0 .000

29
0 .  052
0  . 414
0 .534
0 .000

33
0 .424
0 .576

36
0 .028
0 .931
0 .042

28
0 .  893
0 .107
0 .000

35
0 .029
0 .529
0 .429
0 .014

37
0.041
0 .338
0 .622
0 .  000

5 t

0 .297
0 .703

39
0 .013
0 .987
0  . 000

33
0 .  909
0 .091
0 .000

39
0 .051
0  . 590
0  . 346
0  . 013

( N )
It

b

c
D

I( N )
A

B

( N )
A
B
c

(N)
A
B
..

(N)
A
B

u

I
I
;

I
I
I
I
T

G-12
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TabIe  3 .  Ch i -square i  con t ingency  ana lys is  o f  a l Ie Ie
frequencies among samples of Emeri ta anaToga.

Locus
N o .  o f
A I Ie les Ch i -square D "F .

PGI'I-2
I!DH-2
MPI
GPI
EST-3

4
2
3
3
4

18 .173
12.062
7  . 964
7  . 894

18  . 544

15
5

10
10
15

0 .  25370
0 .03394 :k
0.53237
0 "63918
0"23516

T o t a I s 64.637 0 .17546

I
T
I
T

I
I G- l3



T a b 1 e  4 .  M a t r i x  o f  g e n e t i c
d i a g o n a l )  b a s e d  o n  a I I  l o c i .

d is tance (be low d iagona l )  and Ch i -square
Chi -square  w i th  5  degrees  o f  f reedom.

(above
( , k  p  <  . 0 5 )

I
I
I
t
I
l

Popu la t ion

1 Morro Bay

2 Hermosa Beach

3 .  S O N G S  0 . 4  k n  N

4 .  S O N G S  1 . 5  k m  S

5.  Horno Canyon

6 .  L a  J o l l a

0  . 002

0 .  002

0  . 002

0 .004

0  . 001

7  . 186

0 .003

0 .002

0 .001

0 .001

'4 .021

7  . 598

0  . 001

0  . 003

0 .  001

3  . 555

6  . 409

3 .359

0  . 003

0 .001

74  .407 ' ; .  7  . 549

2 .129  6 .503

10 .633  5 .204

8 .194  2 .808

7 .24r

0 .001

I
I
il
T
I

c- l4
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was border l ine  (Tab le  5 ) .  In  each case,  the  compar ison be tween Mor ro  Bay  and

Horno Canyon was s ign i f i can t  o r  near ly  so .

Deviat ions of genotypic rat ios from Hardy- l{einberg equi l ibr ium were

Les ted  in  two ways .  Tab le  5  g ives  Lhe resu l ts  o f  a  Ch i -square  ana lys is  in

wh ich  expec ted  f requenc ies  are  cor rec ted  fo r  smaI l  sample  s izes  and

cont inu i ty  (Lev ine  1949) .  There  are  s ign i f i canL dev ia t ions  in  the  EST-3

locus  o f  Hermosa Beach and L .a  Jo l la .  An a l te rna te  ana lys is ,  us ing  an  exac t .

p robab i l i t y  tesL ,  resu lLed in  four  ins tances  o f  s ign i f i can t  dev ia t ions :

EST-3 in Hermosa Beach, Horno Canyon and La JoIIa,  and PGM-2 in Horno Canyon

(Tab1e 7) .  The exac t  p robab i l i t y  tes t  requ i red  poo l ing  ra re  a l le les  inLo one

synthe t ic  a I Ie le "  The tes t  Lhus  loses  some in fo rmat ion  about  ra re  a l le les

but  i s  $ore  power fu l .  A Iso ,  the  Ch i -square  Les t  i s  suspec t  when the  expec ted

f requenc ies  o f  some c lasses  are  lou ' .

A11 of the signi f icant deviat ions at the EST-3 locus were due to a

scarc i ty  o f  he terozygotes  be tween the  conmon a I le Ie  and o ther  a I Ie les .

However ,  o ther  sanp les  showed a  s l igh t  (non-s igu i f i can t )  surp lus  o f  EST-3

heterozygotes .  The on ly  s ign i f i can t  dev ia t ion  a t  the  PGM-2 locus  was due Lo

a surp lus  o f  be terozygotes ,  bu t  aga in ,  some o ther  samples  showed a

non-s ign i f i can t  he terozygoLe de f  i c i t .

Ana lys is  o f  PGM-2 and GPI  var iab i l i t y  in  some samples  was compl ica ted  by

an unexpecLed d i f f i cu l ty .  In  some samples ,  PGM-2 or  GPf 'genot ) tpes  cou ld  no t

be resolved in most individuals.  Numerous experiments, running and

re- runn ing  ind iv idua ls  o f  severa l  samples  on  the  same ge ls ,  gave repeatab le

resu l ts .  As  fa r  as  cou ld  be  de termined,  t ,he  PGM-2 or  GPI  a l le les  (when they

cou ld  be  seen)  were  ident ica l  in  e lec t rophore t ic  mob i l i t y  to  those o f  o ther

samples .  I t  was  e i ther  the  amount  o f  the  enzJrne  or  i t . s  ac t i v i t y  tha t  ; -as

a l te red .  Mod i fy ing  the  cond i t ions  o f  homogen iza t ion  and ex t rac t ion ,

c-r5



T a b l e  5 .  M a t r i c e s  o f

Ioc i .  Ch i . -square  fo r

genet ic  d is tance

each one degree

and Ch i -square  based

of  f  reedom ( : !  p  <  .05  ;

on MDH-2 and EST

:'.-lrp < . 01)

r

I

I

I

l
I

I
7

l
ri
rl
I I
i -

l-

I
l

J

I
I

I
,I

I
I

I

i
I

1 1

Popu la t ion

LOCUS: MDH-2

1 .  | 1 o r r o  B a y

2.  Hermosa Beach

3.  SONGS 0.4  k ln  N

4 .  S O N G S  1 . 5  k m  S

5.  Horno Canyon

6 .  L a  J o l l a

0 .029

0 .  005

0 .001

0 .046

0 .002

3  . 083

0  . 059

0 .020

0  . 002

0 .015

0 .873

6. 854)'*k

0 .010

0 .083

0 .014

0 .09 r .

1 .439

1  . 303

0 .034

0 .000

4 .388*

0 .151

$ . $$l-;ct

L .  J . + 5

0  . 028

0 .  304

1.  .466

2 .149

0 .  c30

2 .449

Popu la t ion

LOCUS:  EST

1 .  M o r r o  B a y

2 .  H e r m o s a  B e a c h

3 .  S O N G S  0 . 4  k m  N

4.  SONGS 1.5  km S

5. l lorno Canyon

6 .  L a  J o l l a

0 .022

0 .020

0 .001

0 .075

0 .  028

2 .839

0 .004

0  . 016

0 .025

0 .003

1  . 970

0  . 203

0 .013

0 .018

0  . 001

0 .001

1 .48 i

0  . 925

0 .061

0  . 020

6.  158 ' t

0 .637

r . 1 0 f ,

3 .279

0 .012

3 .130

0  . 004

0 .276

I . O I )

0 .560

I
T
I
I
I
I
t
t
t

G-r5
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TabIe  5 .  Dev ia t . ions  f rom Hardy- t le inberg  equ i l ib r ium.
cor rec t ion  fo r  sma11 samples  s izes  and Yates '  cor recL ion
used in  ca lacu la t ion  o f  Ch i -souare .

L e v e n e ' s  ( 1 9 4 9 )
for cont inui tv

DF

I
I
:

I
I
I
:

t
T

Locus CIass Observed
frequency

Expected
frequency

chi-
sguare

POPULATI0N: M0RR0 BAY
PGM-2

B-B
B-C
B-D
c-c
c-D
D-D

llDH-2
A-A
A-B
B-B

A.A
A.B
A-C
B-B
B-C
c-c

GPI
A.A
A.B
A-C
B-B
B-C
c-c

t rcT-  ?

A-A
A-B
A-C
A-D
B-B
B-C
B-D
c-c
c-D
D-D

6
r-a

L
L7
2
0

4 .221
16 .545

1 .013
75 .273

1  . 909
0 .  039

2.342
14 .315
20.342

0 .  010
1 .919
0 .061

45 .101
2 .879
0 "030

12  "  568
5 .427
0 .838
0  .405
0 .762
0 .000

0 .035
2 .  188
0 .671
0 "071

22 .247
13 .859

1  . 459
2.0r2
0  . 447
0 .012

1 .047

0 .002

?  ? ? 1

0  . 077

0 .790

0 .961

0 .343

0 .994

2
15
20

0
1
1

46
2
0

MPI

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

13
4
1
1
0
0

0
J

0
0

23
11
2
4
0

G-t7
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T a b l e  5 . C o n t '  d .

Locus C l a s  s 0bserved
frequency

Expected
frequency

ch i -
square

I
I
i
I
il
I

DF

POPULATI0N: I{ER}'IOSA BEACH
PGI'I-2

B-B
B-C
B.D
c-c
c-D
D-D

A-A
A-B
B-B

t'
T7
0

r r+
1
I

0

6  . 039
18  . 5  19
0 .403

t3  . 442
0  . 597
0  . 000

5  . 562
17  . 877
13.562

0  . 092 0 .993

l,lDH-2 4
21
t2

0 .67 t 0 .413

I{PI

IA-A
A-B
A-C
B-B
B-C
c-c

0
z
0

34
4
0

0 .  013
1  . 873
0 .101

34 .  190
3 .7  47
0 .076

T
0 .000 1 .000 I

t
t
I
t',n
T
I
lr
.J

GPI
A.A
A-B
B-B

20
8
0

20  .509
6 .982
0  . 509

0 .039 0 .  844

EST.3
A-A
A-B
A-C
B-B
B-C
c-c

0
3
4

18
5
7

0 .288
4 .219
2 .205

L2 .959
13  . 863
3-.465

10  .  175 0 . 017-,'r

G. I  B
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T a b l e  6 .  c o n t ' d .

Locus C I a s  s Observed
frequency

Expected
frequency

chi -
square DF

POPULATION: SONGS 0.4 km N
PGI'I-2

B-B
B-C
c-c

I.IDH-2
A.A
A-B
B.B

MPI
B-B
B-C
c-c

EST-3
A-A
A-B
A-C
B.B
B-C
c-c

POPULATI0N: S0NGS 1.5 kn S
PGM-2

B.B
B-C
c-c

MDH-2
A-A
A-B
B-B

MPI
B-B
B-C
c-c

0
7
1

1
11
22

22
1
1

1  . 400
4 .200
2 .400

7 .164
70 .672
22 . t 64

21 .064
2 .872
0 .064

0 .  051
2 .530
1  . 368

23 .  085
25.299
6 .667

2 .690
7  .621
4 .69A

2 . t 76

0 .  000

3 .645

2 .786

0 .002

0.823

0 .  140

1 .000

0  . 056

0 .426

0 .965

0  . 364

0
?

L
26
19
10

3
1

5

3
7

13

24
1

0

1 .733
9  . 533

11 .733

24 .  000
1  . 000
0  . 000

G-  19

0 .000 1  . 000
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T a b l e  6 . c o n t '  d .

Locus CIass 0bserved
frequency

Expected
frequency

chi -
square DF

EST.3

POPULATION:

A-A
A-B
A - L

B-B
B-C
c-c

HORNO CA].IYON
PGI'I-2

IIDH.2

}lPI

GPI

F q T - ?

A-A
A-B
A-C
B.B
B-C
c-c

A.A
A.B
B-B

A-A
A-B
A-C
B-B
B-C
c-c

A.A
A-B
B-B

A.A
A-B
A-C
A.D
B.B
B-C
B-D
c-c
C-D
D-D

0 .000
0 .742
0 .  258
8 .151
5  . 935
0  . 903

0  . 053
1 .263
7 .532
4  . 6 4 2

13  . 053
8 .  158

5 .815
16 .369
10 .  815

0  . 014
1  . 887
0 .085

31 .  141
2 .831
0 .042

0 .545

4.272

0 .  104

0  . 000

0 .359

0 .885

0.234

0 .747

1  . 000

0  . 549

0
1
0
7
8
0

0
1
2
2

19
5

5
18
10

0
2
0

3L
3
0

23
4
1

22 .273
)  . 4 ) )

o .273

0 .014
r .072
0 .870
0 .029
9 .652

16 .087
0 .535
6 .304
0  . 435
0 .000

0
0
2
0

13
10

1
9
0
0

G-20

4 .308 0 .635
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T a b l e  6 . c o n t '  d .

I
I
I

Locus C I a s s 0bserved
frequency

Expected
freguency

chi-
square DF P

I
I
t
t
I
I
I
l
I
I
I

POPULATION: LA JOLLA
PG}J.2

A-A
A-B
A-C
B-B
B-C
c-c

IIDH- 2
A-A
A-B
B-B

}IPI
A-A
A"B
B-B

GPI
A-A
A-B
B.B

EST-3

0
1
A

18
13

0  . 041
7 .027
1  . 890
4 .1 .10

15  . 753
14 .178

3 . t 64
15 .671
18 .  154

0 .000
1 "000

38 .000

27 .237
5  .538
0"231

0 .  078
2 .390
1 .403
0 .052

73  . 442
16 .  130
0 .597
4 .5s8
0 .351
0 .  000

0 .316

0 .  129

0 "000

0 .  000

0 .  957

0 .719

1  . 000

1 .000

4
t4
19

0
-t

38

27
5
0

A-A
A.B
A-C
A.D
B-B
B-C
B-D
c-c
c-D
D-D

L
0
2
0

19
7
1
9
0
0

G-2  I

r3 .7  i6 0  .033*

I
I
I
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T a b l e  7 .  S i g n i f i c a n c e  t e s t ,  u s i n g  e x a c t  p r o b a b i l i t i e s ,  f o r  d e v i a t i o n s  f r o m
Hardy- l4s inberg  genotype ra t ios .  R1 =  Homozygotes  fo r  most  conmon a l le le .
R2 =  Common/Rare  Heterozygotes .  R3 =  Other  genotype c lasses .

Locus R2R1 R3 P

POPULATION:--ffiv

PGM-2
TIDH-2
MPI
GPI
EST.3

POPUL{TION:
iER}IOSA BEACH

PGI.,I.2
rlDH-2
HPI
GPI
EST-3

POPUIATION:
sol{cs 0.4 km N

PGM.2
MDH-2
MPI
EST-3

POPULATION:
SONGS 1.5 kn S

PGM-2
MDH-2
MPI
EST.3

POPULATION:-lionffiirvou

17
20
46
13
23

15
15
3
5

16

18
2 t

6
8
8

I

7

o

2 t
18
5
4

11

1
I

2

1
4

7
4
0
0

11

0  . 307
1  . 000
0 .098
0 .489
0 .704

0 .  138
1  . 000
0 .054
0 .161

1 .000
0 .299
1  . 000
0 .256

T4
12
J 4

20
18

0 .749
0 .320
1  . 000
1  . 000
Q. QQI: ' .- l

1
22
22
26

11
1

22

0
1
1

11

5
13
24

7

3
3
0
0

3
5
0
1

11

PGM.2
I'[DH.2
MPI
GPI
EST-3

5
10
31
23
13

0 .027*
0 .723
1 .000
0 .257
0 .040 ' k

G-22
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T a b l e  7  "  c o n t ' d .

Locus R3R1 R2

POPI]LATION:
tA JOII"I

PGll-2
}IDH.2
MPI
GPI
EST'3

13
19
38
27
19

20
14

1
6
8

4
4
0
0

T2

0  . 495
0 .692
1 .000
1  . 000
0 . 001?'.-,'r
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e lec t rophores is  o r  enzyme s ta in ing  d id  no t  marked ly  a l te r  the  resu l ts .  Each

ind iv idua l  was  scored w i th  an  index  o f  enzwne ac t iv i t v :  0  =  no  v is ib le

s t a i n ,  1 = b a r e l y  v i s i b l e ,  2 =  c l e a r , 3  =  dark .  An average index  was

ca lcu la ted  fo r  each sample  and the  resu l ts  p resented  in  Tab le  8 .  In  add i t ion

to  the  s ix  samples  tha t  had been comple te ly  ana lyzed fo r  a l l  enzymes,  8  t .o  17

ind iv idua ls  o f  seven o ther  samples  were  ana lyzed fo r  PGI I  and GPI  ac t iv i t ] t .

| Ios t  o f  the  samples  w i t .h  low PGl l  ac t i v i t y  ( less  than 1 .0)  were  r+ i th in  15  km

of S0NGS. The only except ion was the sample from Cabri l lo Beach. DaLa for

the GPI locus vrere simi lar.  However,  results for the GPI locus vtere

confounded by  a  second fac to r :  GPI  ac t iv i t y  dec l ined in  a I I  samples  a f te r

pro longed s to rage o f  who le  an ima ls  a t  -20oC.  PGM ac t iv i t y  seemed to  be  much

less Iabi le under the same storage condit ioos. The GPI act iv i ty index was

inverse ly  cor re la ted  w i th  s to rage t ine  (Spearman 's  rank  cor re la t ion

r -  =  .489,  P< .05 ,  one- ta i led  tes t . )  .  The PGM ac t iv i t y  index  was no t
S

s ign i f i caa t ly  cor re la ted  w i th  sLorage t ime ( rs  .085) .

To  examine th is  e f fec t  in  more  de ta i l ,  new samples  o f  E- .  ana loga were

col lected. Spectrophotometr ic assays of PGM and GPI act iv i ty (Bergrneyer,

7974) were used to measure weight specif ic enzyme act. iv i ty in newly col lected

and s to red  spec imens.  A f te r  28  days  o f  s to rage a t  -20oC,  GPI  dec l ined an

average o f  98% ( f rom 18 un i ts /g  wet  we igh t  to  0 .38  un i ts /g  wet  we igh t ) ,

wh i le  PGM ac t iv i t y  dec l ined 68% ( f rom 9 .5  un i ts /g  wet .  we igh t  Lo  3  un iLs /g  wet

weight).  Note Lhat al though weight.-spej i f ic enzyme act iv i ty did decl iae in

PGM,  the  res idua l  ac t i v i t y  l ras  s t i t l  su f f i c ien t  fo r  c lear  s ta in ing  on  a  ge l ,

and Lherefore would noL have been not iced in the crude index of act iv i ty used

e a r l  i e r

G-24
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Table 8. Ezyme act iv i ty indices for GPI and PGI1 in samples of
Emer i ta  ana loga.

SampIe GPI Atriv:-ty

Xs

PGM Activi.tv

Xs

Date

assayed

l'

I
I
I
I
I
I
I
I
i
I
I
I
I
I
I
I
I
I
I

Llorro Bay

Hermosa

C a b r i l l o

N"  Doheny

Cap is t rano

Clemente

SONGS

0 . 4  k m  N

1 . 5  k n  S

Horno Canyoo

Red Beach

Oceans ide

Lloonl ight

La  Jo I Ia

1  . 28

2 .08

0

0

0

0 .  09

0 .38

0 .94

0 .71

n

0 .43

2 .04

1 .02

1  . 38

0

0

0

0

0 .  30

0 .52

0 .93

1  . 25

0

0 .79

1  . 35

2 .30

3 .00

0 .43

0  . 41

1  . 58

t . 42

0 .48

0

0 .79

0  . 51

L . t t

0 .79

0 .  79

0 .69

0 .98

0 .85

1 .00

a .76

0 .51

40

39

8

r t
L I

12

12

29 Nov 83

28 Oct  83

21 Nov 83

2\  Nov 83

21 Nov 83

18 Nov 83

2 Nov 83

11 Nov 83

18  Oc t  83

18 Nov 83

21 Nov 83

21 Nov 83

20 Oct 83

0 .57

0 .86

1  . 30

1  . 00

2 .00

2 .29

2 .50

35

35

36

12

8

8

40

c-25



2t

Drscussro{_

Nelson and Hedgecock  (1980)  surveyed e lec t rophore t ic  var iab i l iLy  in  a

Iarge nurnber of decapod Crustaceans, including Emeri ta anaToga. They

measured var ia t ion  a t  20  enzymat ic  loc i  and found the  average he terozygos i . ty

to  be  0 .114.  Th is  was no t  s ign i f i can t ly  d i f fe ren t  f rom the  present  es t i rna te

o f  0 .07  (based on  25  loc i ) .  Heterozygos i t ies  fo r  ind iv idua l  loc i  in  comrnon

between the  two s tud ies  were  a lso  s i rn i la r .

I t .  i s  d i f f i cu l t  to  exp la in  the  Iack  o f  success  in  t .h is  s tudy  r *hen

staining for some of the enzymes used by Nelson and Hedgecock and using their

methods .  However ,  I  was  a lso  ab le  Lo  add severa l  loc i ,  inc lud ing  LAP,  an

enzyme tha t  Ne lson and Hedgecock  were  no t  ab le  to  reso lve .

I t  seems that the EST-3 locus scored in this study was di f ferent from

ei ther  o f  the  two loc i  scored  by  Ne lson and Hedgecock  (D.  Hedgecock ,  pers .

comm.  ) .  They  found t$ ro  s lowly  migra t ing  loc i  (on  s ta rch  ge ls ) ,  whereas  I

scored a  s ing le  fas t  migra t ing  po lymorph ic  locus  (on  po lyacry lamide) .  I  was

unable to resolve ei ther of the two loci  referred to by Nelson and Hedgecock

us ing  the i r  methods .  Ne lson and Hedgecock  a lso  scored two po lymorph ic  loc i

with PGM act iv i ty with overlapping al leles -  The PGM locus used here

cor responds to  the i r  PGM-2.  Ac t iv i t y  a t  the  locus  cor respond ing  to  the i r

PGI' l -1 was always low and was usual ly goo poor to be scored unambiguously.

Corb in  (Lg77)  s tua ieA GPI  var ia t ion  in  the  re la ted  Eas t  Coast  spec ies  Emer i ta

talpoida. The two species appear to have no al leles in common at this locus.

There srere no obvious patterns of geographic di f ferent iat ion among

samples of Emeri ta anaToga. This is perhaps to be expected among IocaI

c-26
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popu la t ions  o f  a  w ide ly  d ispers ing  spec ies .  There  was no  ev idence o f  regu la r

o r  c l i n a l  v a r i a t i o n  a t  a n v  l o c u s . The f  er ' '  insLances of s igni f  i  cant

d i f fe rences  be tween pa i rs  o f  samples  appeared to  be  random.  Even the  sample

from Morro Ba1z, taken hundreds of k i lometers to the norLh of the rest of  the

samples, did not appear uniquely di f ferent from the range of samples found in

southern  Ca l i fo rn ia .  Th is  was t rue  eveD fo r  the  I IDH-2  locus .  wh ich  had lhe

greates t  amount  o f  d i f fe ren t ia t ion  among samples .  Reduced migra t ion  ra tes  do

not seem to be an important facLor in determiniag the genet ic structure of E.

ana loga popu la t ions .

Corb in  ( tg l t )  demonst ra ted  c l ina l  var ia t ion  w i th  Ia t i tude  fo r  tno  GPI

a l Ie Ies  in  E .  ta lpo ida"  He re la ted  Lh is  to  var ia t ion  in  tempera ture  and

sal ini ty and argued that each genotype responded di f ferent ly to var iat ion in

each var iab le .  He a lso  showed tha t  charac ter is t i c  genotyp ic  ra t ios  d id  no t

vary  a f te r  metamorphos is  f ron  the  mega lops  s tage.  I f  one ignores  the  GPI

daLa from the two samples, SONGS 0.4 krn N and SONGS 1.5 km S (where sample

s izes  are  very  smal l ) ,  the  res t  o f  the  GPI  da ta  p resenLed here  migh t  a lso  be

seen as  a  c I ine .  However ,  s ince  the  ends  o f  the  t ' c l iBe"  were  no t

signi f icant ly di f ferent from each other,  one should not conclude that a

s imi la r  causa l  s i tua t ion  ex is ts .  Note ,  a Iso ,  tha t  9 .  ana loga and E_.  la lpo ida

share  no  GPI  a l le les .

AI leIe frequencies at the MDH-2 locus were heterogeneous, but they did

not  seem to  vary  in  a  regu la r  o r  p red ic tab le  fash ion .  I f  the  d i f fe rences  had

some b io log ica l  bas is  due to  na tura l  se lec t ion ,  the  popu la t ions  must  have

been responding to something in the environment with ret iculate var iat ion"

Given that the greatest divergence was between the samples from Horno Canyon

and SONGS 0.4  km N,  separa ted  by  less  than 7  h ,  the  d i f fe rences  l te re  more

I ike ly  due to  pos t -se t t lemenL a l te ra t ions  o f  genotyp ic  ra t ios .  S ince  ne i ther

c-27



sample  was fa r  f rom Hardy-Weinberg  equ i l ib r i rm,  se lec t ion  can noL have been

act ing  s imp ly  a t  one genotype.  Another  a l te rna t ive  is  tha t  a l though la rvae

were  w ide ly  d ispersed,  they  were  no t  we l l  m ixed,  so  tha t  the  la rvae tha t

se t t le  to  make up  a  s ing le  popu la t ion  were  no t  a  random sample  o f  the  en t i re

larval  pool.  The tvro al ternat ives might be dist inguished by sampl ing the

same loca t ions  over  severa l  years  to  see i f  a l le le  f requenc ies  remain

c h a r a c t e r i s t i c  o f  a  g i v e n  I o c a t . i o n .

The observed deviat ions from expected Hardy-Weinberg genotypic rat ios

also could have been due to di f ferent. ia l  survival  of  genotyTes. The nurnber

o f  ins tances  o f  s ign i f i can t  dev ia t ion  was smal l ,  bu t  the  Ch i -square  tes t  i s

not a very powerful  one. Since there \rere no obvious trends toward

heterozygote  de f ic i t  o r  excess  fo r  any  locus ,  the  causes  are  l i ke ly  to  be

complex. I t  is interest ing that the two samples from the vic ini ty of SONGS

showed no ev idence o f  a l t .e red  genotyp ic  ra t ios .

Samples from the vic iai ty of SONGS did di f fer f rom the other samples in

one unexpected way. Many individuals from the SONGS 0.4 km N and SONGS 1.5

km S samples gave very poor results when stained for PGM or GPI act iv i ty.

Act iv i ty of other enzymes appeared normal.  Al though a few individuals

stained normal ly,  many individuals gave no detectable result .  Other samples

in  the  v ic in i ty  o f  SONGS ( fS  km N or  S)  a lso  had reduced ac t iv iL ies  as  we l l

as a sample from Cabri l lo Beach. There are a number of al ternat ive

explanat ions. The simplest.  is that these sanples were badly handled in some

wayr  e .g .  a l ]owed to  t t " r  be fore  ana lyzed.  There  is  no  ev idence tha t .  th is  i s

t h e  c a s e  ( L .  G l e y e ,  f f i C ,  p e r s .  c o m m . ) .  O t h e r  p o s s i b i l i t i e s  i n c l u d e  a  r e d u c e d

amount of theie enzymes present or inact ivat ion of Lhe enzymes in some way.

The f i rs t  a l te rna t ive  migh t  be  a  resu lL  o f  an  a l te ra t ion  in  the  genet ic

control  of  enzyme product ion due Lo an unknown environmental  or genet ic

I
r
I

I
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factor.  The second al ternat ive could be due to an environmental  pol lutant

forming an inact ive complex with the enzlrne (heavy metals are one

p o s s i b i l i t y ) .  N e v o  e t  a I .  ( i 9 8 3 )  h a v e  r e v i e w e d  t h e  e f f e c t s  o f  m a r i n e

po l lu t ion  on  a l lozyme po lymorph isms.  They  have shown se lecL ion  fo r  d i f fe ren t

PGM or  GPI  a I Ie Ies  o f  mar ine  c rus taceans and sna i l s  a f te r  heaq '  meta l

po l lu t ion .  Pontecorvo  e t  a l .  (1983)  showed tha t  heav-v  meta l  concent ra t ion

in f luenced the  ac t iv i t y  o f  some PGM a l lozymes in  the  shr imp Pa laemon e legans .

Nevo e t  a I .  (1978)  p resented  ev idence fo r  se lec t ion  ac t ing  on  a l lozymes a fLer

pet rochemica l  po l lu t ion .  One can no t  ye t  d i f fe ren t ia te  among a l te rna t ives ,

bu t  fu rLher  work  shou ld  cer ta in l ; '  be  done.  The f i rs t  s tep  shou ld  be  to

repeat t .he observat ions on a new set of samples, Lhen one could puri fy the

enzlmes and make ant ibodies to thern. One could then assay enzyme act iv i ty

and amount  independent ly  and u l t imate ly  Iook  fo r  causa l  fac to rs .  A l though i t

i s  l i t t le  more  than empty  specu la t ion  a t  th is  po in t ,  i t  i s  in te res t ing  tha t

lhe only sample to show Lhe effect strongly,  awav from the vic ini ty of SONGS,

came f rom an area  o f  heavy  indus t r ia l  impact .  Po l lu t ion ,  in  some fo rm,  i s

c lear ly  one susp ic ious  env i ronmenLa l  fac to r "

Prel iminary results from the ongoing study of sand crab biology

conducted by l fEC (Barnett  1983) indicated that there was considerable

var ia t ion  in  severa l  b io log ica l  parameters  among beaches in  southern

Cal i fo rn ia .  Us ing  mul t i var ia te  techn iques ,  the-v  were  ab le  to  account  fo r  56%

of Lhe variance in sand crab density and 70% to gO% of the var iance in

reproduct ive parameters by di f ferences in environmenLal facLors (notably

sed iment  type  and food ava i lab i l i t y )  anong s i tes  (K .  Green,  pers .  comm.) .

fn te res t ing ly ,  a l though s i tes  near  SONGS were  no t  s ign i f i can t ly  d i f fe ren t

f r f r  o ther  beaches in  Ju Iy ,  Lhose same s i tes  fo rmed a  un igue group in  August

(when the  samples  d iscussed here  were  taken) .  In  add i t ion ,  samples  f rom

c-29
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Cabr i l lo  were  o f ten  most  l i ke  those f ro rn  S0NGS,  w i th  s imi la r  reduc t ions  in

percentages  o f  females  w i th  eggs  and oLher  reproducL ive  parameLers .

Unfor tunate ly ,  no  an imals  were  taken f rom Ven ice  Beach in  August ;  th is  s i te

has  been suggest .ed  by  Wenner  (c i t .ed  in  Barnet t  i983)  to  a lso  show s igns  o f

reproduct ive stress. Al though both t issue and sediment samples have been

co l lec ted  Eo be  ana lyzed fo r  po ten t ia l  po l lu tan ts ,  these ana lyses  have noL

yet  been comple t .ed  so  poss ib le  causa l  fac to rs  remain  obscure .
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Ovarlen f,lstology of ttre Sand Crab, Eaerlta analoga from Sen Onofrc

Nuclea:r Generatlng Statlon, Calt'fornle artd, AdJacent Beacheg

Stepb,en R. Goldberg

Abstract: I lnvestlgated, tbe ovarlan hlstology of 165 send crabs to

sssest posslble reproducttve abnornallt les from eontamlnatlon

assoclated nlth the San Onof:re.Nuclear Generatlng Statlon (SONCiS)"

It '.:as found thet exarlnlng ovarles of females carrylng egga la

advanced stetes of development or spent egg cases glves lnfotmatloa

as to whether another egg msss w111 be for'med,. Reproductlve d.lfferenees

atere noted between the examlned populatlons. l{oon and Ocee contelned

the hlghest percentages of repnoductlvely actlve femal-es that rould

heve produced an addltlonal eFg mass and 0.1+ N end 1.5 S sb,owed the

lowest. Atretlc oocytes $ere ldentlf led and descrlbed.. Low lncldences

of these gtnuctunes were corurronly observed.. It was found that most

exanrlned crabs had been feedlng and dlgestlng thelr food and all

were epperent).y healthy. On the basls of thelr healthy condltlon

and Low frequency of atresla, 1t wes concluded that termlnatlon of

reproducllon was l1ke1y due to natural factors operatlng at the

close of  the reproduct lve sesson.

Lntroduct lon

The use of lnvertebrates as lndlcators of envlronaental pollutlon

1s e relatlvely new concept. The sand crab, Bnertla analona se6ms

1deally sulted for thls work es 1t 1s smal1, readtly avallable and

oceurs ln urban beaches. the purpose of try lnvestlgatton uas to

exenlne ova:rles of sand erabs from SOI{GS and adJacent areaa and

report on the status of th.eir reproductlve condltlon.
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Uethods

Sand crabs nere placed 1n IOF foluralln on capture. Col].ectlons

werc nade dunlng August 1983 from San Onofre Nuclear Generatlng

Statlon (SONGSI), San Dlego County, Ca]' lfornla and otber beeches.

By deslgn, I :{es not told rdrlch sanples rere frqrr SOltGS so ag not

to blec ny lnterpretatlor$r. In add1t1on, I exemlned ovarles of 11

sand cnabs tbat rere collected JuJ.y 1983. $and srabs wore d,lsseeted

und.er e dlssectlrlg nlcroscopoo 0varles uere renoved, rltb JeweLere

forceps and rere enbedded. !n Paraplast. II lstologlcal. sectloaa rr6re

cut af 8Vrn. Slldes rere stained, wlth Sarrls r hematoxylln followed

by eosln corrnterstaln.

Results and Dlscusslon

In examlnlng the sand crabs, difflcuJ.tles r€re encountered due

to snaall slzeg of speclmens and lnsufflclent f1xat1on. The srrrall

slze of nany of the samples made locatlng the ovarles very dlfr ' lcult.

I  recommend that wheneven posslble,  larpe sand crabs be selected for

hlstologtca3. studles.  Flxat lon was poor ln several  samples.  Thls

nlght be rqnedled W lnJectlng flxatlve lnto the body cavlty rrltb a

syrlnge, tb,ereby lnsurlng rapld penetratlon. Mature, yolk-fl lLed

ovarles were extr.emely brltt le uhlcb nade for dlff lcult sectlonlng.

I suggest uslng e dlfferent f lxatlve sucb as Davldsont g flxatlve

(Eunason, !979 ) as en aLternatLve to 106 forraalln, Tbls flxatlve

bas been used ln othen crusteceen overlan studles (l laefner, 1977t

l{eruren, L979). Also, a srrall plpette would be helpful ln transferrlng

the ovarles as the fraglle strone supportlng then frequently broke

resultlng 1n the loss of some of the rnature oocytes.

The ovaries of the sand crab are located underneath the lntestlne.

Drrlng tlnes of lnactlvlty or after an eFg mass hss recently been
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extruded,r they are transpanent and conte,ln lmmature oocytes (Flg. 1A)

embedded ln a flbrous connectlvc tlssue stlm'ao In thts state they

are slmlla:r to ttrose seen ln deep sea lobsterg (weruner, LgT9l , deep

see red crabg, Genyon qglnquedans (Ilsefner, l97T ) and the blue orab

Gal l lnectes sapl .dus (Johnson, 19go).  As v l teLlogenesls progresses

for the next ogg n488, the overies enlarge and spread esterlorly,

ventral to the lntestlne. Tlrey start to turn yelLor and one ccrr

begln to dlstlngulsh lndlvlduaL ooeytes under a d.lssectlng nrlcroscopo.

The rlpe, ntature ovary corrmonly proLlferetes Lateral,ly iato the

anterLor corners of the body cavlty.

Frorl exanrlnlng e serles of practfie anfuaals wlt5 a graduaL

develooment of extruded, eggs (Table 1), I noted. a progresslve

seou€nce ln develooment of the ovary durlng the reprod.uctlve cyc1e.

Thls mlght be taken as a normal moiel for the ovarlsn cycle that

would occull durlng perlods of peak repr.oouctlve actlvlty. In femaleg

that have brlg.ht, recentLy extruded, lrnmature eggs, the ovar5r la in

an undeveloped cond.lt lon. It conslsta prlmarlly of restlng oocSrtea
(F19. 1A) whlch approxlmate 3Aln (dlarneter). In sone oases the

same ovarJr tnay contaln early (55p,nl dleraeten vltellogenic oocytes

(yolk depostt lon in progresa) (Flg.  18).  tbese ear ly v l te l logenlo

oocytes 'are not ye1lor to the naked 6Xo. Tbus, rrlthout b,lstology,

one couLd' not dtstlngulsb an eanJ.y vlteLlogenlc ovarJr fron one Eoat

only prtrna4r oocytes. I noted, tbat in faales uttb morc blghly develop

extruded e888, ovarles contelned ealarglng vltellogenlc oocytea.

In the spent coadltlon ln rthlch enebs had been released from tba

und'erslde of the sand cnab, the ovarles contetned yolk-f11led lreturc

oocytea (F18. 2A) rdelcb approxtnsted, 2607a (raean d,laneter). ltature

yolk-f11led oocytes ere surrounded by a thlu chorlonlc menbrdncr

Thls nenbrnne nay be d,errlved from tbc accessor.y ocrrs (Ryaa, 196?).
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Accegsor'5r cells and developlng ooctrrtes erc tbe two tSrpec of cclla

present wltbltc, the ova.nlan lobes of tbe blue crab (Johnson, 1980).

ovarlan d,evelopment ls slmch,ronour ln tbc sand arab .g enly oBC

Froup of oocytes undergoes vlterlogeneal.a at a glven tJne,

I of,tea encouateled enlnal'g (TaUle 2t r&lob dld not correspond,

to tbe Bequonca outllned la Table l. These anLrnale, ln tlre bumt,

greytsb-burntr 8r€V and spent coadltloa contalned lnactlve overles

coraparable to the brlpJrt conditloa. fhls dlsorepancy eould be due

elther to the normal coneluslon of tlre reprod.uctlve cycle or to

some envlronrnental tratna that rsrrlnated reproductloa. If the cycle

ltere abruptly ternlneted, we would expeet to see an unusually large

frequency of atretlo ooc;rtea. [he atretlc proceas h,as adaptlve

value beeause should envbornrental condltlons change frou less thsn

optlmrn, tbe anlmal ls alloued to cbannel energy (lnvested ln yolk)

away from a reproductlve effort tbat probably would have been abortlve

and use 1t oa another body functlon.

In atresla, tbere ls a spontanaous breakdorrn of the oocyto.

$rts mey occur at any stage of d.eveloprrent and may thus ba seen Ln

the snrallest oocyte to the nsturs, yolk-fl l led oocyte. As expeeted,

ln the sand crab, atresla was noted tn oocytes of e1I slzes. It can

best be character lzed as a dlsrupt loa (Flg.  28) of  the ooplasrr .  In

Iate atresla (Flg. lA) r the lnterlor of the oocyte ls f lI led by a

nass of connectlve tlssue. 8be meehanlcs of th!.s process are not

clea:rr but 1t ls concelvable that tt nay ln pa:rt be due to an lnvaslon

of ovarlan accessory cells (foLtlcLe oel1s) ttrat penetratc lnto tbc

ooplasm. Thls ls suggested by thc frequent occurrences of dagt looks

to be accessory cells (Ftg. 38) ln the ooplam of atretlc oocytea,

$lh1le seversl atretic oocytea lr€lrs comnoaly seen ln dlfferent

sand crabs, I only noted e slngle ovary (Ocea spent) ln'.hlch ttre
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maJorlty of oocytes were undergolng etresla. Tbusr one would not

have expected that the populatlons under examloatlon, (on the basls

of h1stoLog1ca1 crlterla) haa been necently exposed to eny envborurental

trauma. Thls seems llkely es on d,lssectlon, all anfutra.ls appeared

to be heaLttr5r. llost of thelr stornach,s contalned food and there wag

a fecal masg 1n tbe ln-r,estlng.

The use of etresla es an tndlcator of envlrormental stress hes

been descrlbed. 1n the northern anchovJr' [gglg!!E mordax by Eunter

and Mecer^'Lcz (f985). By statvlng flsh. ln the laboratotT' they tlned

the atret lc degenerat lon of  oocytes.  d1so, at  the c lose of  a

reproduct lve sesson, many of  the oocytes that ln l t letedr but fa l led

to complete yolk deposl t lon,  undergo atrsela (Goldbergr 198I) .  These

structures d.isappear ..".1th1n several- weekg. The ldentlf lcatlon of

these structunes ln the sand crab wlLl be useful ln subseouent

lnvestlpatlons as an lndlcaton of envbonrnental stress on reproductlon.

It r.ras provlously reported (Cox and Dudley, 1968) that sand

crabs may breed. repeatedJ.y durlng s reproductlve season. The

developtng of yo1k-fl l led eggs u'1blrln females contalnlng extruded

epg nrasses bears thls out. Thusr u€ can make comparlsons amor4; the

dlfferent sanrples so as to detenalne percentages of femeles that

would have produced an addltlonal- egg mass durln6t sr.uflner 1983.

In orcler to lnterpret  these resul ts,  one must conslder other

factors3 (1) s lzes of  females are l rnportant as larger females tSrplcal ly

begln recroductlon eerller and terrnlnate 1t l-ater then do smaller

females.  Hence, to avold s lze c lass blases, samples should lnclude

the d,lffe: ent slze classes present at a beach; (2) Drrlrrg 1983 an

tt6L nifron eondltlon erlsted durlng ulelch tlne uater tenrperatureg

ti le,e hlgher than normal. It 1s concelvable tbls may bave effected

the durat lorr-of  the send creb reproduct lve cycle;  (3)  In select lng



sarples, they shoul,d be tekea from the peak perlod of reproductlon.

Ltr for example, they ltere teken rdeen feneles nere produclng thelr

flnaL eSS mess€s of the'year, r.*rat would, be a normal termlnatlon of

reproductlon mlght be ralsinterpreted as belng due to some envlrorurenteL

pollutant. if they were. colleeted, before the populatlon started, to

reproduoe, one ltould, ernoneously descrlbe the populatlon as belng

nonreproductlve.

The ouestlon as to how long lt takes for a feuraLe to d,eposlt

sufflclent yolk to forrn a clutch of eggs 1s dlff lcuJ.t to ens,wer.

Ideally, thls lnforrnatlon could be best gathered by perfonrrlng

erperlments ln the Laborator-lr. A number of factors w!11 lnfluence

thls problan. Femare slze w111 partly effect the rate of yolk

deposl t lon ss v l te l logenesls would be orpected to occur faster 1n

larger fem,oles than ln smatler females. Also, t lne of the reproductlve

season should be ccnsldered,.  Yolk deposl t lon proceeds f  aster ea:r ly

to nlddre of the seeson ttran late 1n the season. cne mlPJ.t get an

approxlmatlon of t lme reoulred by colLectlng females at weekly

lntervals earLy ln the reproductlve seasoa before the flrst egg clutch

1s forrned. Howeverr es pr€vlously mentloned, the nate would be

dlfferent later ln tbe season tl lan'lt rould be early ln the season.

In analyzlng the categorles (Table 2)r I have not lncluded, tb.e

br l r 'ht  category.  Thls ls because Lt  ls  d l f f lcul t  to f lnd ovar les

1n thls stage es they have reeently extruded egg: masses and are at

theln smal lest  s lzes.  More lmportant ly,  1t  1s very dl f f lcul t  to

know 1f feraeLes 1n thls condltlel r.'111 reproduce agaln durlng the

current reproductlve season. Even ln those cases o1' brlght fsmales

wlth yolk deposltlon ln progress, 1t would. be hard. to concluslvely

state that another egg mass '..ould be produced that seesono lience,

femeles wlth more advanced external' egg n,esrses (burntr greJr and raost
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deflnltelJr sp€nt) rrfff glve tb,e best lrrforrnatlon as to r&rat percentage

of a populatlon I'LIl contlnue reproductlve actlvlty ln a glven y€ar.

In ny report of those females tbat h'111 produce anotber egg nasg

(Teble 21, I  have based, uy observat lons on macroscoplc as wel l  as

hlstologlca1 observatlong. In looklng at Table 2, dlfferences uere

noted between tbe varlous populatlons. The rnoon populatlon bad tbe

blg'-hest degree of reproductlve activlty and woul"d clearly have

produced another elg rrass. Ocea aLso t'ou1d have produced anothe!

egg masg. 0.4 N would not have. Thls ls evldent as none of the

15 females wlth spent eggs showed ovarlan reproductlve actlvlty.

The Her"nr populatlon lras probably ln the process of produclng the

last egg mBss. Ihls 1s l lkeIy as none of the spent females had

overlan actlvlty; rtrereas the other classes d.ld,.

In the ItS popuLatlon, lt eppeals about hal,f of the populatlon

r' lLL prod.uee another eFg mass. In the 6.5 $ populatlon, onLy 15%

v'LlI reproduce agaln and recroduetlon :.:as over ln L.5 S. About

one-fourtb of Sanc end one-flfth of Capl would have prod.uced another

egg mass.

A total of 11, erabs from July 1983 lr€re analyzed to see tf

reproductlon r;as dlfferent one month earller (other salples were

from August). None of the 1.55 E sample was reproductlvely actlve

(?able 2).  Tbe sample 1.5 N would heve produced another eggnass.

Only L31[ of the 0.1+ N spent gror{p rou]-d heve repr'oduced agaln 1n

cornpar'lson to none of the AuFrst Fnoup. Thus, thls populatlon hed

a low rate of ovar.lan actlvlty ln JuLy r^rhen we would bave expect€d,

a hlgher rate of  reproduct lon (Cox and Drrdley,  1958).

TLre questlon as to wbat was responsllbl,e for the hlptr percentages

of crabs v'lth advanced external eggs that would not heve produced

another egg mass 1n the 0.1+ N, 5.5 S, 1.5 S, Sanc and Capl groups
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ls conpllcated. one nlgbt suspect 1t wes due to exposure to

envlrorrrental pollutants. I doubt thls. 0n the basls of ny

hlstologlc4l exatlnatloa, there was nothlng observed to lndlcatc

an abrupt, ebnoru,al temrlnatlon of the neproductlve ct/cL€ *rlcb, nould

have been evldenced 1n a hlgb lncldence of oocyte atresle. Xo!, for

that natter, were any ovarlan structu:reg observed that could have

been lnterpreted as belng pathol.oglcal. Ibe above Lnforraattoa

coupled ud.th observatlons that tho cr:ebs had been feedlng and dlgestlng

food, lead me to concLude that tbe populatlons exsalned were healthy.

f thus feeL that the low frenueney of certaln populatlons prorluclng

en addltlonal eFg mass ls l1ke1y <iue to e normal termlnatlon of the

breedlrrg cycl.e.
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uenner, E. L. LgTg. some aspeets of the blology of the farrrl ly
Polychel ldae (Crustacea, Decapod,a) f rqn the westerrr  North AtLant lc,
.r.i shery Bulletln 77 ( z ) cl+3l_lAJ+.
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rable

August

2. Percentages of sand crab, Eaerlta analoga from July and

1983 that r^ou1d have produced an addltlonal eFg mass.

Date Local l ty Categor3
F Fenrales to Form
Another Egg Mass

I
I
I
t
I
I
I
t
I
I
I
l
I
I
I
I
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T

August

August

Augurst

August

August

August

August

August

August

August

August

August

Auguet

Aug.ust

August

August

Augrrst

Aug.ust

AuFust

Auprst

August

Auglrst

Moon

Moon

Moon

Moon

liloon

Ocea

Ocea

Ocea

Ocea

Ocea

Ocea

o.h N

0.h N

0.h N

o. l r  N

o.h N

Iiennr

Iierrn

Iienr

Hem

Ilerrn

Herrn

burnt,  1-LL

8rey,  7- r1

greylsh-burnt,  7-11

spent ,7- I1

spent n FreJr, 7-1,1

burnt, 7-11

preylsh-burat,  7-I1

proyr 7-11

spent w brlgbt, 7-11

spent lr Frey, 7-l-1

spent ,7-11

burnt, 7-I1

p. r re l i ish-burnt  r ' l -11

soent  w br ight ,  7-1L

spent w burnt,  ?-LI

spentr 7-11

burnt ,7-L I

burnt, L2-2O

gr€y, 7-11

Freyr L2-2O

greylsh-burnt, 1,2-20

spent w burnt, ?-LL

10

L5

2

10

(

5

2

3

t5

13

1

6

T5

2

6

1

4
2

1

90

100

100

87

l-o0

50

Bo

100

5o
100

80

B

0

0

o
0

5o
8:

100

100

100

100
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Iable 2 (Cont lnued)

Date Iocal;lty Category x
% Fcarales to Fom
Anothcr Egg I'lasa

August

August

August

August

August

August

August

August

August

Auprust

August

July

Ju3.y

July

Herrn

Iierrn

IIern

Herm

12 KS

12 KS

6.5 s

1.5  S

Sanc

Capl

Capl

L.55 E

1.5 t {

0. [  N

s-oent

830h,

B3ol+,

830h,
r2-20

spent

sp ent,

scent ,

soent ,

spent,

spent ,

spent ,

soent

s'r ent

spent

w grey, 7-11

spent,  7-11

spent,  l2-2O

sllghtly spent

w Frey, 7-11

7-11

7-11,

7-11

7-11

7-11

L2-20

2

Ir

13

3

1

19

20

20

2A

19

1

2

I

B

100

0

0

0

100

53

t5

0

25

2t

100

o

100

13
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APPENDIX I

ANNOTATED HISTORY OF SAND CRAB STUDIES TTTAT WERE RELATED TO SONGS
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I. 1 HISTORICAL BACKGROUND

I .  1 .  I  L97  6 -  1977  Auyong  S tudy

Janice S.H.  Auyong,  a s tudent  of  Dr .  Adr ian M.  Wenner  _of  the

Un ive rs i t y  o f  San ta  Barba ra  (UCSB) ,  conduc ted  a  s tudy  o f  sand  c rabs

l iv ing at  increasing d is tances f rom SONGS. The study resul ted in  a

thes i s  f o r  a  Mas te r  o f  A r t s  deg ree  f rom UCSB.  The  resu l t s ,  i n  pa r t ,  a re

presented in  MRC Document  77-09 No.  2 (Annual  Repor t  to  the Cal i forn ia

Coas ta l  Commiss ion  Augus t ,  L976  -  Augus t ,  1977 ,  Append ix  1 .  Es t ima ted

ef  f  ects  of  SONGS Uni t  I  on l " lar ine Organisms:  Technica l  Analys is  and

Resu l t s  )  .

The  s ta ted  ob jec t i ve  o f  t he  s tudy  was  " to  de te rm ine  i f  d i f f e rences

among  popu la t i ons  o f  E .  ana loga  t s i ze  and  rep roduc t i on )  were  co r re la ted

wi th d is tance f rom SONGS. "  Envi ronmenta l  features,  inc lud ing

temperature and organic  so l ids in  the sur f  zone were moni tored dur ing

the  s tudy .

F i ve  beach  s i t es  a t  i nc reas ing  d i s t ance  f r om SONGS ( i " e . ,  0 . 4  km N ,

1 .5  km N ,  1 .5  km S ,  6 .5  km N ,  and  6 .5  km S )  we re  samp led  f o r  sanc i  c rabs

every two weeks dur ing four  consecut ive per i -ods f rom mid-August  L976

th rough  m id -Augus t  1977 .  Sand  c rabs  were  a l so  co l l ec ted  a t  two  s i t es ,

16 km S and 64 km S of  SONGS, dur ing the spr ing and summer of  L977.

Auyong  (1981)  repo r ted  an  i nve rse  co r re la t i on  be tween  p rox im i t y  t o

the  p lan t  and  seve ra l  va r i ab les  re la ted  to  the  s i ze  o f  ma le  and  fema le

sand  c rabs .  No  co r re la t i on  was  found  fo r  t he  p ropo r t i on  o f  ov ige rous

fema les ,  t he  s ing le  rep roduc t i ve  va r iab le  cons ide red .  No  co r re la t i ons

between temperature or  organic  so l ids in  the wash zone and var ia t ions in

sand  c rab  s i ze  were  repo r ted .

r - l



I . 1 . 2  L98O Wenne r  S tudy

Dr.  Adr ian M.  Wenner  of  UCSB conducted a s tudy of  sand crabs f rom

Apr i l  to  November 1980.  A pre l iminary repor t  was submit ted to  the MRe"

25  November  1980 ;  f i na l  resu l t s  o f  t he  1980  s tudy  were  submi t ted  I  Ju l y

L982 as par t  o f  a  repor t  (Wenner ,  L982)  cover ing sampl ing per iods f rom I

Ap r i l  1980  t o  1  Ap r i l  f 982 .

The  s ta ted  ob jec t i ves  o f  t he  1980  s tudy  were  two fo ld :  "1 )  t o  ga the r

comparat ive data on populat ion s t ructure f rom Goleta,  San Onofre,  and

La Jol la  beaches wi th in  one growing and reproduct ive season. .  and 2)  to

prov ide a comprehensive descr ip t ion (qual i ta t ive and quant i ta t ive)  o f

sand  c rab  d i s t r i bu t i on  i n  t he  beach  hab i ta t .  "

t h ree  beach  s i t es  (Co1e ta ,  0 .4  km N  o f  SONGS,  and  La  Jo l l a )  we re

sampled at  in terva ls  spanning a month or  1ess.  Other  s i tes away f rom

SONGS (Cap i s t r ano ,  6 .5  km N ,  6 .5  km S ,  Oceans ide ,  and  So lana  Beach )  we re

samp led  once  i n  Ju l y  1980 .

Wenner  (L982)  repor ted that  the sand crab data (s ize and

reproduct ive)  gathered near  SONGS did not  d i f fer  markedly  f rom data

ga the red  a t  Go le ta  and  a t  La  Jo1 la  i n  1980 .

I . 1 .3  1981  Wenne r  S tudy

Dr.  Wenner  conducted a s ix-month s tudy of  sand crabs f rom Apr i l  to

Oc tobe r  1981 .  A  f i na l  repo r t  o f  t he  resu l t s  f rom the  1981  s tudy  was

submit ted to  the MRC t  Ju ly  L |SZ as par t  o f  a  repor t  (Wenner  ,  Lg82)

cover ing the per iod I  Apr i l  1980 to 1 Apr i l  L982.

The  spec j - f i c  ob jec t i ves  o f  t he  198 I  s tudy  were :  " ( l )  t o  de te r rn ine

the  e f fec t  o f  d i f f e ren t  t i da l  he igh ts  on  samp l ing  resu l t s ,  (Z )  t o

prov ide addi t ional  data concern ing var ia t j -on in  sample resul ts  due to

longshore  va r iab i l i t y ,  and  (3 )  t o  ga the r  compara t i ve  da ta  a t  each  o f  t he
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5 study s i tes at  SONGS every 5 weeks dur ing the 1981 reproduct ive

season ,  be fo re  Un i t s  2  and  3  began  ope ra t i ng . "

The  same  5  beach  s i t es  samp led  by  Auyong  i n  L977  ( i . e . ,  5 . 5  km N ,

5 .5  km S ,  1 .5  km N ,  1 .5  km S ,  and  0 .4 l cm  N)  we re  samp led  i n  1981 .  A  beach

in  La  Jo1 la  and  two  beaches  i n  Go le ta  were  a l so  samp led .  Beach  s i t es

near  SONGS were sampled every 4-6 weeks f rom Apr i l  to  October  1981,  L4

Jo1la was sampled at  4-8 week in terva ls  f rom May to September,  the

Goleta s i te  near  UCSB was sampled once in  May and then at  two week

interva ls  f rom August  to  September,  and the other  Goleta s i te  was

sampled in  June,  August  and September.

Wenner  (1982)  repo r ted  tha t  i n  1981  ma les  were  sma l l e r ,  on  the

ave rage ,  a t  t he  1 .5  km N  and  0 .4  km N  s i t es  when  compared  to  the  s i ze  o f

males at  1 .  5  km S and more d is tant  s i tes wi th in  5 .  5  km of  SONGS and at  La

Jo1 la .  D i f f e rences  i n the  s i ze  o f  f ema les  we re  l ess  c l ea r .  Fema les ,  on

the  ave raB€ ,  were  sma l l e r  a t  t he  1 .5  km N  and  0 .4  km N  s i t es  bu t  f ema les

a t  1 .5  km S ,  5 .5  km N ,  and  5 .5  km S  we re  o f  s i r n i l a r  s i ze  o r  l a rge r  t han  a t

La  Jo1 la .  He  a l so  repo r ted  tha t  l ower  pe rcen tages  o f  t he  fema les  were

ca r ry ing  eggs  a t  t he  5  s i t es  w i th in  5 .5  km o f  SONGS than  a t  La  Jo l l a .  No

compar isons were made wi th  sand crabs f rom Goleta.
t

I . 1 . 4  1982  Wenne r  S tudy

Dr.  Wenner  conducted a s tudy f rom June to Ju ly  1982 wi thout  funds

f rom the  MRC.  Resu l t s  o f  t h i s  s tudy  were  submi t ted  w i th  the  repo r t  o f

the  1980-1981  resu l t s  ( submi t ted  to  the  MRC 1  Ju l y  L982  i n  the  repo r t

cove r ing  the  pe r iod  1  ap r i l  1980  to  1  Ap r i l  L982 ) .  Recen t l y .  t he

resu l t s  we re  pub l i shed  i n  t he  j ou rna l  Ma r i ne  B io l ogy  (1984 ,  80 :  341 -

34s) .
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The purpose of  the s tudy was to  examine the reproduct ive condi t ion

of  female sand crabs at  beach s i tes in  the v ic in i ty  o f  SONGS and far ther

avay .  Fou r  s i t es  we re  samp led  i n  June  ( i . e . ,  Go le ta ,  5 .5  km N ,  1 .5  km N ,

and  La  Jo l l a ) .  E leven  s i t es  we re  samp led  i n  Ju l y  ( i . e . ,  sa l t  c reek ,

Doheny  Beach  no r t h ,  Doheny  Beach  sou th ,  5 .5  kn  N ,  1 .0  km N ,  1 .5  km s ,  6 .5

km S ,  Camp Pend le ton  Red  Beach ,  De1  Mar  Rec rea t i ona l  Beach ,  Oceans ide ,

and  La  Jo1 la ) .

Wenner  (1982)  repo r ted  tha t  t he  pe rcen tages  o f  f ema les  w i th  eggs

were  l owe r  f o r  a  s t r e t ch  o f  beachnea r l y  40  km l ong ,  cen te redonSONGS.

Wenner contended that  the lower percentages of  females wi th  eggs in  the

v i c in i t y  o f  SONGS were  the  resu l t  o f  " . gg  rup tu r i ng " .  Th i s

in te rp re ta t i on  was  based ,  i n  pa r t ,  on  the  obse rva t i on  tha t  mos t  f ema les

in  the  v i c in i t y  o f  S0NGS ca r r i ed  masses  o f  " rup tu red  egg  she11s"  ra the r

than eggs.  I t  was a lso ba 'sed on a laboratory exper iment  that  showed

tha t  f ema les  ( i nc lud ing  fema les  w i th  " rup tu red  egg  cases " )  co l l ec ted

f rom 6.5 krn N produced more masses of  orange eggs af ter  2-3 weeks when

held in  f low-through seawater  tanks at  UCSB than d id the f ie ld

popu la t i on .

In .  h is  recent  paper ,  Wenner  (1984)  s tated that  the "abnormal

rep roduc t i on "  o f  sand  c rabs  was  mos t  l i ke1y  caused  by :  ( f )  r uno f f  o f

agr icu l tura l  pest ic ides f rom a creek 3 km nor th of  the nuclear

genera t i ng  P lan t  ,  ( 2 )  re lease  o f  me ta l s  f rom co r rod ing  coo l i ng  p ipes ,

and l  o r  (3 )  i nc reased  tu rb id i t y  o f  t he  nea rsho re  wa te rs .

T,2 1983 MRC REVIEW OF EARLIER WOPJ(

The MRC (memo f rom W. Murdoch 14 January 1983,  memo f rom J.  Connel l

and J.  Palmer 30 March 1983)  rev i .ewed the above-ment ioned studies and

conc luded  tha t  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

l
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populat ions of  sand crabs were af fected by the operat ion of  SONGS. This

is  so because the f ind ings of  Wenner  and others for  1982 and before d id

no t  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 .  No t  on l y  d id  d i f f e rences  occu r  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  t he  same s i t e .

There were few occasions of  concurrent  data f rom the same season,  in  a

g iven year ,  f rom San Onofre and other  beaches,  which l imi ted evaluat ion

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  were

re la 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 f ec t s .

I .3  1983 WORK ESTABLISHED BY MRC

Although inconclus ive,  the f ind ings were considered to  be of

suf f ic ient  impor tance to  warrant  more s tudy.  Three major  quest ions

were  o f  i n te res t  t o  t he  MRC:  (1 )  Wha t  i s  t he  na tu re  o f  t he  b io log iea l

phenomena?  (2 )  I s  t he re  a  SONGS loca l i t y  e f fec t?  (3 )  How does  th i s

e f f ec t ,  i f  i t  ex i s t s ,  r e l a te  t o  t he  cons t ruc t i on  o r  ope ra t i on  o f  SONGS?

Through a series of MRC memoranda concerning recommended

approaches  and  des ign ,  a  p roposa l  o f  s tudy  by  MEC,  mee t ings ,  and

te lephone  con fe rences ,  t hese  ques t i ons  were  rede f i ned  fo r  t he  1983

s tudy  as :

(1 )  a re  sand  c rab  a t t r i bu tes  a t  beach  s i t es  nea r  SONGS w i th in  the

va r ia t i on  obse rved  a t  o the r  beaches  i n  1983?

(2 )  do  sand  c rab  a t t r i bu tes  exh ib i t  a  d i s t i nc t  t rend  w i th  d i s tance

f rom SONGS;  i n  pa r t j - cu la r  do  the  a t t r i bu tes  p rev ious l y  repo r ted  to

va ry  w i th in  5 .5  km o f  SONGS-  va ry  thus  i n  1983 ,  and  i s  t he re  a

loca 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 a re

cons  i de red?
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(3 )  t o  wha t  ex ten t  a re  se lec ted  a t t r i bu tes  co r re la ted  w i th  the

phys ical - chemical environment .

Spec i f i ca l l y  exc luded  f rom the  1983  work  was  the  d i rec t

establ ishment  of  causal  mechanisms between SONGS and sand crab

a t t r i bu tes ,  wh ich  wou ld  have  en ta i l ed  bo th  l abo ra to ry  and  f i e ld

exper iments.  This  exc lus ion was adopted by the MRC to avoid expensive

exper imenta l  work before i ts  need was fu l Iy  demonstrated.

T .4  1983  MEC STUDY

The f ina l  work s tatement  contracted to  MEC by the MRC requi red a

su rvey  each  i n  June ,  Ju1y ,  and  Augus t  f 983 ,  w i th  n ine  beach  s i t es

samp led  w i th in  18  km o f  SONGS,  th ree  s i t es  fu r the r  sou th  and  th ree  s i t es

fur ther  nor th.  Most  o f  the s i tes prev ious ly  sampled by Auyong and

Wenner were inc luded.  Sampl ing gear  and methodology was to  be designed

so that  sand crab abundancel  could be est imated as wel l  as s ize and

rep roduc t i ve  a t t r i bu tes  .

The  b io log i ca l  pa ramete rs  s tud ied  i nc luded ,  bu t  were  no t  l im i ted

to ,  t he  ones  s tud ied  by  Wenner .  These  a re  l i s ted  i n  Tab le  1 .  The

envi ronmenta l  var iab les are shown in  Table 2.  Sampl ing was to  take

place at  n ight  when crabs were l ike ly  to  be more uni formly d is t r ibuted

both on the beach s lope and longshore.  Patches were to  be sampled

quan t i t a t i ve l y  w i th  a  s1ed .  Shove l  samp les  were  to  be  taken  to

supp lemen t  ana lyses .

As  a  po ten t i a l  cos t  sav ing  measure ,  t he  fo l l ow ing  p roposed

ana l ; r ses  became op t i ona l  t c  t he  MRC,  pend ing  the  resu l t s  o f  t he  res t  o f

t he  s tudy :  ( 1 )  h i s t o l ogy i  Q )  me ta l s  i n  t i s sue ,  wa te r ,  and  sed imen t ;  and

(3 )  o rgan i - c  po l l u tan ts  i n  t i ssue ,  wa te r ,  and  sed imen t .
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I.5 AI.,TENDMENTS TO THE 1983 STUDY

I .5 .1  Add i t i on  o f  Mo r ro  Bay

Morro Bay sand spi t  (nor th of  Point  Concept ion)  was to  be inc luded

in the array of  beaches sampled dur ing August  (memo f rom H.  Kaspar  20

Ju ly  1983  ) .  The  i nc lus ion  o f  Mor ro  Bay  sand  sp i t  was  based  on  the

observat ion by A.  Wenner  that  th is  beach had coarse sand and gravel ,

which one might  suspect  could be factors det r imenta l  to  sand crab

hab i ta t i on ,  ye t  t he  beach  suppor ted  g rea t  numbers  o f  Emer i t a .

I . 5 . 2  Add i t i ona l  1983  Su rveys  (End  o f  Season )

Because  o f  repo r ted  h igh  pe rcen tages  o f  spen t  f ema les  a t  s i t es  i n

la te August ,  two s impl i f ied sampl i -ng surveys were author ized (memo f rom

H.  Kaspa r  29  Sep tember  1983 )  a t  s i x  s t udy  s i t es  ( f 15  km N ,  100  kn  N ,  65

km S ,  45  km S ,  and  two  b .e tween  5 .5  km S  and  5 .5  km N  o f  SONGS)  to  mon i to r

the fecundi ty  of  females found at  those beaches and document  the end of

the reproduct ive season.  The phys ica l  env i ronment  was to  be ignored in

these  abb rev ia ted  su rveys .  MEC sen t  pe rsonne l  t o  a l l  s i x  s i t es  fo r  t he

two author ized surveys and to  65 km S once and 45 km S twice more in

order  to  fu l Iy  document  the end of  the sand crab reproduct ive season.

I . 5 .3  H i s to l ogy  o f  ova r i es  o f  f ema le  sand  c rabs

MEC submit ted a proposal  to  the MRC 24 February 1984 recommending

the  ana lyses  o f  h i s to log i ca l  samp les  and  me ta l  and  o rgan ic  po l l u tan t

samp les  "  The  h i s to log i ca l  ana lys i s  o f  ova r ies  was  funded  May  1984  and

inc luded  i n  the  repo r t  o f  t he  1983  s tudy "  The  ana lyses  o f  me ta l s  and

organ ic  po l l u tan t  samp les  a re  pend ing .
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I . 5 . 4  S to rage  and  Cu ra t i on

The  MRC a l so  au tho r i zed :  (1 )  p re l im ina ry  t rea tmen t  (ex t rac t i on )  o f

f resh  wa te r  samp les  fo r  non -me ta l1 i c  po l l u tan ts  i n  o rde r  t o  b r i ng  them

to  a  s ta te  su i t ab le  f o r  l ong - t e rm  s to rage ,  and  (2 )  non -cu ra t i on  o r

m in ima l  cu ra t i on  ( i . e . ,  an ima ls  so r ted  by  s ieve  s i ze  were  comb ined  i n to

one  samp le  fo r  each  s led  tow  samp le  p r i o r  t o  s to rage )  o f  t he  sand  c rab

samp les .

I".6 RESULTS OF THE T983 MEC SAND CRAB STUDY

The 1983 MEC sand crab s tudy answered the three quest ions in  the

statement  of  work regard ing magni tudes of  sand crab at t r ibutes re la t ive

to  va r iab i l i t y  among  beaches ,  g rad ien ts  i n  t he  magn i tude  o f  a t t r i bu tes

wi th d. is tance f rom SONGS, and corre lat ions between sand crab at t r ibutes

and envi ronmenta l  var iab les .

Abundances at  beach s i tes near  SONGS were lower than abundances at

other  beach s i tes in  June but  not  in  Ju ly  or  August .  The June d i f ference

appeared  to  be  the  resu l t  o f  a  de lay  i n  rec ru i tmen t  and  co lon i za t i on .

Measuremen ts  o f  t he  s i z . s2  o f  sand  c rabs  a t  beach  s i t es  nea r  SONGS

were  w i th in  the  va r ia t i on  o f  t hese  measuremen ts  a t  o the r  beach  s i t es .
;

Fac to rs  such  as  the  p resence  o f  ove rw in te red  i nd i v idua ls  a t  a  s i t e ,

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

reproduct ion appeared to  account  for  most  o f  the d i f ferences observed

in  s i ze .

The reproduct ive output  o f  sand crabs at  beach s i tes wi th in  12 km

of  SONGS was  genera l l , v  Lower  than  a t  o the r  beach  s i t es .  Th i s  was

ind i ca ted  by  the  l ower  ove ra l l  pe rcen tage  o f  f ena les  tha t  ca r r i ed

c lu t ches  o f  eggs  o r  spen t  egg  cases  du r ing  the  peak  rep roduc t i ve  pe r iod

(eugust)  and by the apparent ly  fewer c lu tches that  were produced by each

fema le  du r ing  the  rep roduc t i ve  season .
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Fema1e populat ions wi th in  LZ km of  SONGS futher  d i f fered f rom

those  a t  mos t  o the r  s i t es  i n  t he  cond i t i on  o f  t he i r  c l u t ches .  Fema les

wi th in  12 km of  SONGS predominant ly  carr ied c lu tches composed of  spent

egg cases rather  than developing eggs.  Late in  the reproduct ive season

(Sep tember ) ,  l a rge  pe rcen tages  o f  f ema les  a t  t he  Los  Ange les  beach

s i tes  (115  km N  and  100  km N)  a l so  ca r r i ed  c lu t ches  o f  spen t  egg  cases .

Al though suppor t ive ev idence was obta ined for  each a l ternat ive,

insuf f ic ient  in format ion was gathered to  determine whether  these

clutches of  spent  egg cases resul ted f rom abor t ion,  normal  hatch ing

(synchrony or  a  longer  than usual  re tent ion of  the egg cases by females

a t  t he  end  o f  t he  rep roduc t i ve  season) ,  o r  some comb ina t i on  o f  bo th .

Wi th one except ion,  there were no gradj -ents  wi th  d is tance f rom

S0NGS in any measurement  of  sand crab populat ions.  Resul ts  ind icated a

dec rease  w i th  p rox im i t y  t o  SONGS in  the  pe rcen tage  o f  f ema les  (8 -13  mm)

wi th spent  egg cases that  were producing another  c lu tch of  eggs in

Augus t .  Some o f  t he  t rends  w i th in  5 .5  km o f  SONGS no ted  i n  ea r l i e r

s tud ies  were  a l so  found  i n  1983 ;  however ,  t hese  t rends  d id  no t  pe rs i s t

over  the larger  sampl ing scale of  1983.  The sand crab measurements that

d id  va ry  re la t i ve  to  San  Ono f re  d i sp layed  genera l l y  " l ower "  va lues

wi th in  L2-15.5 km of  SONGS re lat ive to  s i tes fur ther  avray,  ra ther  than

g rad ien t s .

Env i ronmen ta l  va r i ab les  cou ld  accoun t  f o r  much  (n2  =  .69 - .96 ,  p  <

.05 )  o f  t he  va r iab i l i t y  among  beach  s i t es  i n  t he  rep roduc t i ve

a t t r i bu tes  o f  f ema le  sand  c rabs .  I n  genera l ,  l esse r  rep roduc t i ve

po ten t i a l  appeared  to  be  accoun ted  fo r  by  fac to rs  such  as  l ess  fooc i ,

mo re  ses tone  coo le r  t empe ra tu res ,  and  coa rse ,  uns tab le  beach  subs t ra te "

However ,  i t  mus t  be  emphas ized  tha t  co r re la t i on  does  no t  demons t ra te

causa l  re l -a t i onsh ip  and  add i t i ona l  wo rk  w i l I  have  to  be  done  be fo re  such

r -9



re la t ionships between envi ronmenta l  var iab les and sand crabs can be

es tab l i shed .

The  1983  s tudy  was  no t  des igned  to  d i rec t l y  add ress  po ten t i a l

impacts f rom SONGS on sand crabs.  However ,  the re la t ive t iming between

the  pump ing  ope ra t i ons  and  the  "e f fec ts "  seen  i n  va r ious  yea rs  was

cons ide red .  The re  was  no t  a  c lea r  re la t i onsh ip  be tween  the  resu l t s  o f

the  L976-1983  s tud ies  and  the  ac tua l  vo lumes  o f  wa te r  c i r cu la ted

th rough  the  P lan t .

I t  was  no t  poss ib le  to  eva lua te  whe the r  f ac to rs  such  as  me ta l l i c  o r

o rgan ic  po l l u t i on  cou ld  accoun t  f o r  t he  d i f f e rences  obse rved  i n  sand

crab populat ions in  the San Onofre area.  A l though appropr ia te samples

were co l lected,  the i r  analyses have not  yet  been funded by the MRC.

T.7 PROPOSED STUDIES PENDING MRC AUTHORIZATION

T.7  . l  S ta tus  o f  Me ta l  and  Organ i c  Po I l u tan t  Samp les

Samp les  o f  sed imen t ,  wa te r ,  and  sand  c rab  t i ssue  were  co l l ec ted  as

Par t  o f  t he  1983  s tudy  fo r  t he  po ten t i a l  ana lyses  o f  me ta l l i c  and

organ ic  po l l u tan ts  (Tab les  3  and  4 ) .  MEC submi t ted  a  p roposa l  t o  t he

MRC 24 February 1984 recommending these analyses.

To date samples have been stored appropr ia te ly  to  mainta in the i r

i n teg r i t y  f o r  a l l  op t i ons  o f  quan i ta t i ve  ana lyses .  Aqua t i c  Te r res t r i a l

Research  Corpo f ,a t i on  (ATR) ,  as  subcon t rac to r  t o  MEC,  was  i n  cha rge  o f

s to rage  un t i l  30  Sep tember  L984 .  (On  24  Sep tember  1984  the  samp les  were

t ranferred to  Aquat ic  Research Corporat ion (ARC) for  temporary

s to rage .  )

As  pa r t  o f  t he i r  subcon t rac t ,  ATR was  to  p rov ide  i n fo rma t ion  on

po ten t i a l  ana ly t i ca l  t echn iques .  They  d id  th i s  i n  two  i n te r im  repo r t s ,
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copies of  which were del ivered to  the MRC. ATR was a lso to  prepare sand

c rab  t i ssue ,  t hen  run  a  tox i f i ca t i on /de tox i f i ca t i on  ana lys i s  on  one

subsamp le  immed ia te l y  a f te r  co l l ec t i on  and  on  ano the r  subsamp le  a f te r

one  mon th  o f  f rozen  s to rage  to  demons t ra te  tha t  t he  resu l t s  were  s tab le .

A th i rd  subsarnple has been reta ined to  determine whether  or  not  resul ts

are s table i f  and when s imi lar  analyses are done on MRC samples.

The Technica l  Revj .ew Commit tee of  the MRC is  present ly  determin ing

the  t ype  o f  ana lyses  to  be  done  on  the  samp les .  A l te rna t i ves  a re  bu l k

ana l ys i s  and /o r  t ox i f i ca t i on /de tox i f i ca t i on  o f  me ta l s  ( e .9 . ,  Cd ,  C r ,

Cu ,  Fe ,  Mn ,  N i ,  Pb ,  Zn ) ,  pa ren t  o rgan i c  compounds  (e .g . ,  PCBs ,  DDTs ,

Nap thene )  ,  and .  o rgan i c  me tabo l i t es  ( e .  g .  ,  PCBo l s ,  DDTo Is ,  Nap tho l s  )

I . 7  . 2  L984  Sand  C rab  S tudy

A  c r i t i ca l  ques t i on  rema in ing  a f te r  t he  1983  s tudy  i s  whe the r  o r

not  the h igh percentages of  females wi th  spent  egg cases in  the San

Ono f re  a rea ,  obse rved  i n  pas t  s tud ies  and  i n  1983 ,  resu l ted  f rom

abnormal  or  normal  reproduct ion.  MEC submit ted a proposal  to  the MRC 9

Ju ly  1984  to  spec i f i ca l l y  add ress  th i s  ques t i on .  Week ly  samp l ing

dur ing the summer reproduct ive season was proposed to moni tor  the oRset

of  reproduct ion for  f i rs t -year  females and the subsequ'ent  maturat ion or

abo r t i on  o f  t he i r  eggs .  Two  s i t es  i n  t he  San  Ono f re  a rea  (0 .4  km N  and

5 .5  km N)  and  one  s i t e  f a r t he r  away  (55  km S ,  La  Jo11a )  we re  se lec ted  f o r

s tudy .

Al though th is  wor l :  has not  received MRC author izat ion ( two of  the

su rveys  were  funded  by  the  MRC) ,  MEC success fu l l y  comp le ted  the  week ly

f i e ld  samp l ing  fo r  t he  1984  rep roc iuc t i ve  season .  Samp les  have  ye t  t o  be

ana lyzed .  P re l im ina ry  spo t  checks  o f  t he  samp les  i nd i ca te  tha t  t he

ques t i on  rega rd ing  the  spen t  cond i t i on  can  be  answered  w i th  these

samp les .
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I

The June survey was designed to sample only  patches of  sand crabs at  a

beach s i te  because the MRC had not  yet  dec ided that  abundance should be

es t ima ted .  Once  tha t  dec i s ion  was  made ,  samp les  f rom the  i n te rpa tch

areas were a lso need.ed for  
'abundance 

est imates .  Therefore,  the

or ig ina l  sampl ing design was changed to that  o f  sampl ing random

pos i t i ons  a t  each  beach  s i t e .  Fu r the r  con fe rences  be tween  MEC and  Ke i th

Parke r '  s ta t i s t i c i an .  1ed  K .  Pa rke r  t o  s t rong ly  recommend  (memo da ted  5

Ju l y  1983)  the  s t ra t i f i ed  random samp l ing  des ign ,  wh ich  was  p resen ted

in the 18 Ju ly  1983 Final  Statement  of  Work and was used in  the Ju ly  and

August  surveys.  In  th is  des ign,  four  randomly se lected patches and two

randomly se lected in terpatch areas were sampled.  Cont ingency schemes

were  worked  ou t  f o r  beach  s i t es  hav ing  l ess  than  fou r  sand  c rab  pa tches .

The  s i ze  resu l t s  were  no t  based  on  d i rec t  measuremen ts  o f  g rowth  by

fo l lowing ind iv iduals  or  contro l led groups of  sand crabs through

t ime .  Tha t  e f fo r t  was  ou ts ide  the  scope  o f  t he  s ta temen t  o f  wo rk .
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Tab le  1 .

B io l og i ca l  A t t r i bu te

Popu la t i on  dens i t y

Popu la t i on  d i spe rs  i on -pa t  ch iness
a )  d i s t r i bu t i on  o f  pa t ches  on  beach
b )  s i ze  o f  pa t ches
c )  s i ze  o f  space  be tween  pa t ches
d )  be tween -pa t ch  d i f f e rences  o f  sex ,

s i ze ,  e t c .

S i ze  f requenc ies -sexes  separa te
' !a)  % of  to ta l  number in  a mode

b )  seasona l  sh i f t s  o f  modes
' kc )  mean  s i ze  o f  ma les
; .d)  mean maximum s ize of  males
*e )  mean  s i ze  o f  f ema les  w i th  eggs
*f )  mean min imum s ize of  females wi th  eggs
"g)  " / ,  o f  larger  fernales wi th  eggs
; ' h )  7 "  o f  f ema les "w i th  eggs  acco rd ing  to  s i ze

Reproduct ive pat terns
' "a )  7 "  f ema les  w i th  eggs

b )  s i ze  d i s t r i bu t i on  o f  f ema les  w i t h  eggs
c )  c l u t ch  s i ze ,  eBB  cond i t i on
d )  sex  ra t i . o  by  s i ze
e )  h i s to logy  o f  gonads  and  eggs

Pa ras i t es  &  d i seases
t

Popu la t i on  gene t i cs

Me ta l s  &  Non -me ta l l i c
po l l u t an t s  i n  eggs
and  t i s sue

B io log i ca l  a t t r i bu tes  p roposed  fo r  s tudy  and  the  re levance
to  t he i r  se l ec t i on  and /o r  po ten t i a l  use .  As te r i s ks  ( ' k )
i nd i ca te  a t t r i bu tes  p rev ious l y  s tud ied  by  Wenner .

Relevance

Es tab l i sh  na tu ra l  range  o f
abundance  va lues ;  p lace
SONGS va lues  i n  pe rspec t i ve

How the patches are des-
cr ibed quant i ta t ive ly  de-
te rm ines  the  p rec i s ion  o f
the abundance est imates
fo r  a  beach .

Past  MRC repor ts  have in-
d i ca ted  tha t  some o f  t hese
a t t r i bu tes  a re  d i f f e ren t  a t
San Onofre than at  o ther
beaches and that  t rends
exis t  a t  San Onofre

Reproduc t i on  i s  a  v i t a l
b i o l og i ca l  f unc t i on ;
Wenner reported aberrant
va lues  nea r  SONGS;  d i f -
f e ren t  p rocesses  o r  as -
pec ts  o f  rep roduc t i on
may  re la te  to  d i f f e ren t
env i ronmen ta l  f ac to rs .

Can  in fec t  eggs ;  may  l ead
to  l ow  v iab i l i t y  and lo r
egg count ;  may or  may not
re la te  to  the  po ten t i a l
f o r  SONGS- induce .d  s t ress .

Iden t i f y  gene t i c  poo ls  ;
may help determine long-
sho re  m ig ra t i on  pa t te rns .

Me ta l s  and  non -meta l l i cs
have been suggested by
Wenner as a mechanism of
d i s rup t i on  o f  rep roduc -
t i on .
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t ab le  2 .

Envi ronmenta l  Var iab 1e
r

Stomach contents
Plankton/detr i tus in  wave wash
Ch1 orophy 1 I / phaeophyt in

Gross  phys i ca l  cha rac te r i s t i cs
Beach  aspec t  (d i rec t i on  faced )
Beach  s l ope ,  p ro f i l e
Beach  w id th
Wave regime
Recen t  wea the r  e f fec ts
Leng th  o f  beach  &  pos i t i on  o f

samp l ing  s i t e  on  the  beach
Sta te  o f  t i de  du r ing  samp l ing
Wate r  t u rb id i t y
Time of  day in  re la t ion to  dawn/dusk

Sed imen t  cha rac te r i s t i cs
Gra in  s i ze
Mo is tu re  con ten t
Organic  content
Nea rsho re  (0 .5  r n  dep th )  pebb le

coverage
In te r s t i t i a l  sa l i n i t y

Chemica l  cha rac te r i s t i cs
Meta l s
Non-meta l1 i c  po  l l u tan ts

Turb id i t y  o f  Wa te r
Seston in  wave wash

:

Envi ronmenta l  var iab les proposed for  s tudy and the
re levance  t o  t he i r  se l ec t i on  and /o r  po ten t i a l  use .

Relevance
Wenner  sugges ted  l ack  o f  up -
we l l i ng ,  i . e . ,  l a ck  o f  f ood ,
as  an  exp lana t i on  o f  sma11  s i ze
o f  f  e rna les  a t  UCSB.

Desc r i be  s tudy  s i t es ,  a t t emp t
to  r e l a te  t hese  cha rac te r i s t i c s
to  the  abundance ,  cond i t j . on ,
e t c .  o f  c rabs  samp led .

Desc r ibe  pa tches  samp led ,
a t tempt  to  re la te  these  cha r -
ac te r i s t i cs  to  the  abundance .
cond i t i on ,  e t c .  o f  c rabs
samp led .

Wenner  sugges ted  tha t  me ta l s
o r  o rgan ic  po l l u tan ts  may
d is rup t  f ema le  rep roduc t i on
near  SONGS

Par t i cu la tes  f rom pas t  beach
excavat ions and d i f fuser
d i scha rge  cou ld  tend  to
d i rect  sand crab act iv i ty
f rom feeding to  c leaning
anEennae.
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Tab le  3 .  Number  o f  rep l i ca tes  co l l ec ted  f rom each  beach  i n  June ,  Ju1y ,
and August  1983 for  potent ia l  analyses of  meta ls  and organic
compounds in 'sediment  and water  samples.  NS = not  sampled.

SEDIMENT
Beach s i te  June JuIy  August

NS3

115 km N

100 km N

79kmN

15 .5  kn  N

12kmN

5 .5  km N

1 .5  k rn  N

0 .4  kn  N

1 .5  k rn  S

6 .5  km S

12kmS

18kmS

25 krn S

45 krn S

55k rnS

}JATER AND SEDIMENT

Beach s i te  _ June July  August
Z+Zrc  Z+ /

3

3

2

3

3

3

3

3

3

3

San  Ma teo  Creek -6 .5  km N

Santa Margar i ta  River- l8

San Luis  Rey River-Z l  km
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sed iment rep l i ca tes .
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