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ABSTRACT 

More s t a t i o n s  were surveyed dur ing  t h i s  r e p o r t  per iod  
than dur ing  any previous per iod .  A t o t a l  o f  818 man- 
days was spen t  surveying 1 8  permanent and 67 random 
s u b t i d a l  s t a t i o n s ,  1 9  permanent and 50 random i n t e r t i d a l  
s t a t i o n s ,  and 64 s p o r t f i s h  catch-per-uni t -of-effor t  
s t a t i o n s ,  as w e l l  a s  conducting c o r n l l a r y  l a b o r a t o r y  
work. 

In t h e  s u b t i d a l  areas, Laminaria d e n t i g e m  and P te ry -  
gophom caZif~mica, both important  subsur face  k e l p  
spec i e s ,  increased  i n  t h e i r  combined t o t a l  numbers from 
t h e  1976 survey. However, Nereocys t i s  Zuetkeana, t h e  
b u l l  ke lp ,  dec l ined  s u b s t a n t i a l l y  i n  a l l  s t udy  a r e a s .  

Popula t ion  t r e n d s  of  many of  t h e  dominant s u b t i d a l  
macro-invertebrates  have v a r i e d  depending on t h e  s p e c i e s  
and on t h e  type of method u t i l i z e d .  Regression ana lyses  
have been performed on s e l e c t e d  spec i e s  f o r  numbers 
ve r sus  depth. Red a l g a l  abundance and d i v e r s i t y  appear  
t o  have increased  i n  both  s u b t i d a l  s tudy  areas. 

Of t h e  t h r e e  obse rva t ion  a r e a s ,  sea o t t e r s  were observed 
least f r equen t ly  i n  Diablo Cove. However, t h e r e  con- 
t i n u e s  t o  be f r e s h  evidence of o t t e r  forag ing  w i t h i n  
Diablo Cove. 

Severa l  seasons '  d a t a  f o r  i n t e r t i d a l  a l g a e  and i n v e r t e -  
b r a t e s  have been summarized f o r  one s tudy  area. While 

11 Marine Resources, Adminis t ra t ive  Report No. 79-2, December 1978. - 
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t h e  a lgae  biomass shows a f a i r l y  c l e a r  s&asona l i t y  of 
abundance, t h e  t r ends  i n  numbers of t h e  s i x  i n v e r t e b r a t e  
s p e c i e s  considered are no t  as well. def ined .  

Because of high v a r i a b i l i t y  i n  t h e  da t a ,  t h e  s p o r t f i s h  
catch-per-uni t -of-effor t  and hook-and-line s tudy  was 
cance l led  i n  December. 

Popula t ions  of i n t e r t i d a l  red and b l ack  abalones,  
HaZiotis rufescens and E. cracherodii, r e s p e c t i v e l y ,  
appear t o  have remained f a i r l y  s t a b l e  dur ing  tlie 
1976-77 per iod .  

Two o t h e r  a n c i l l a r y  s t u d i e s  were a l s o  terminated dur ing  
t h i s  per iod:  i n t e rv i ews  of c,onmercial abalone and 
urchin  f i s h e r ~ e n ,  and observa t ions  of foam i n  Diablo Cove. 
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INTRODUCTION 

W e  have made s e v e r a l  changes i n  our  f i e l d  methods du r ing  t h i s  f o u r t h  

year  of ou r  base  l i n e  q u a n t i t a t i v e  s t u d i e s  of t h e  i n t e r t i d a l  and s u b t i d a i  

communnities of t h e  Diablo Canyon a r e a .  The s p o r t f i s h  catch-per-uni t -of-  

e f f o r t  s tudy  i n i t i a t e d  i n  September 1974 w a s  dropped i n  December 1976 due 

t o  t h e  l a r g e  v a r i a b i l i t y  encountered i n  t h e  da t a .  A review of t h e  catch-  

per-pole d a t a  i n d i c a t e d  t h a t  w e  would have t o  i n c r e s e  our  f i s h i n g  e f f o r t  

s u b s t a n t i a l l y  i n  o r d e r  t o  decrease  the  v a r i a b i l i t y .  

E f f o r t s  t o  i n t e rv i ew commercial abalone and s e a  u rch in  d i v e r s  were 

a l s o  d iscont inued  because of t h e  l a c k  of e f f o r t  due t o  t h e  d e c l i n e  i n  

populat iol ls  of abalone and s e a  u rch ins  and market ing problems i n  t h e  s e a  

urchin  f i she ry .  

In January,  PG&E i n s t a l l e d  an automated time-lapse camera on t h e  

?let@orological  Tower t c  record foam a b u n d a x e  and d i s t r i b u t i o c  ir? Diabl3 

Cove. Our d a i l y  foam observa t ions  ceased i n  l a t e  January because of the  

g r e a t e r  e f f i c i e n c y  of t h e  new camera. 

We continued our  surveys of randomly s e l e c t e d  one-quarter  meter 

(1/4-rn2) quadra ts  i n  Diablo Cove and t h e  North Control  i n i t i a t e d  i n  1975. 

A l a r g e  amount of t i m e  was spent  on prepar ing  ou r  f i e l d  d a t a  f o r  keypunching 

and eventua l  s t o r a g e  i n  t h e  computer. 

This  r e p o r t  i nc ludes  d i scuss ions  of our  random and permanent s u b t i d a l  

s t u d i e s ,  random and permanent i n t e r t i d a l  s t u d i e s  i n  North Diablo Cove, 

s e a  o t t e r  (Enhydra Zutris) observa t ions ,  and f i s h  s t u d i e s .  

Our annual  r e p o r t s  u sua l ly  con ta in  only p a r t i a l l y  analyzed d a t a ,  

t h e r e f o r e  they should not  be considered a s  f i n a l  r e p o r t s  o r  as Department 

of F ish  and Game environmental impact r e p o r t s .  

Because we  a r e  now prepar iqg  t h e  f i n a l  r e p o r t  of a l l  of  our  p r e o p e r a t i o n a l  



s t u d i e s ,  t h i s  annual r e p o r t  w i l l  be  l i m i t e d  t o  s h o r t  n a r r a t i v e  d i s -  

cuss ions  of some r e s u l t s  of t h e  y e a r ' s  s t u d i e s  and w i l l  n o t  i nc lude  t h e  

l a r g e  number of d a t a  t a b l e s  a s  i n  prev ious  annual r e p o r t s .  Examples of 

graphs a r e  included t o  demonstrate how some of t h e  f i e l d  d a t a  w i l l  be  

analyzed and presented i n  t h e  f i n a l  r e p o r t .  The s t a t i s t i c a l  goa l s  of 

our  s t u d i e s  a r e  t o  b e  a b l e  t o  d e t e r n i n e  i f  observed changes i n  numbers 

of animals o r  biomass of a l g a e  be fo re  t h e  p l a c t  goes i n t o  o p e r a t i o n  a r e  

s t a t i s t i c a l l y  s i g n i f i c a n t  and t o  determine t h e  average ( o r  "expectedness") 

of  spec i e s  composition, abundance, a s s o c i a t i o n s  and s e a s o n a l i t y .  

I n  our  1975/76 annual  r e p o r t  (Gotsha l l  e t  a l .  1977),  w e  i n d i c a t e d  t h a t  

t h e  r e p o r t  would be  submit ted i n  two p a r t s ,  P a r t  I t o  i nc lude  n a r r a t i v e  

and t a b l e s  of c o l l a t e d  and p a r t i a l l y  analyzed da t a ,  and P a r t  I1 t o  

inc lude  t h e  computer-produced t a b l e s  cf  a l l  raw d a t a .  Because of t h e  

very  h igh  cos t  of computer t i n e  and based cn our  l i m i t e d  budget,  we have 

decided t o  forego product ion of P a r t  11. ~ o w e G r ,  i f  anyone should 

d e s i r e  t o  ob ta in  cop ie s  of t h e  raw d a t a ,  a set of computer ca rds  a r e  

a v a i l a b l e  a t  c o s t .  

This r e p o r t  a l s o  inc ludes  Quar te r ly  Report No. 16 covering the  

per iod  A p r i l 1  through June 30, 1977. 

OPERATIONS 

A t o t a l  of 818 man-days w a s  spen t  conduct ing f i e l d  and l a b o r a t o r y  

s t u d i e s  a t  t h e  s i te .  This  year  w e  were a b l e  t o  i n c r e a s e  t h e  number of 

permanent and random s u b t i d a l  and i n t e r t i d a l  s t a t i o n s  completed; 1 8  per-  

manent and 67 random s u b t i d a l  s t a t i o n s ,  lg permanent and 50  random i n t e r -  

t i d a l  s t a t i o n s ,  and 64 s p o r t f i s h  catch-per-~urit-of-effort s t a t i o n s  w e r e  

surveyed t h i s  year  a s  compared t o  189 s t a t i o n s  of a l l  t ypes  dur ing  t h e  

1975176 budget year .  



Processing of a l g a e  samples from i n t e r t i d a l  and s u b t i d a l  s t a t i o n s  

continued t o  t a k e  up a l a r g e  s h a r e  of our  l a b o r a t o r y  t i m e .  I n  a d d i t i o n ,  

w e  spent  cons iderable  amounts of t i m e  p repar ing  our  f i e l d  d a t a  f o r  

ke-ypunching. I n  December, we resumed observa t ions  of s e a  o t t e r s  w i t h i n  

t h e  Diablo Cove area (Lion Rock s o u t h  t o  South Cove) on a d a i l y  b a s i s ,  

time and weather condi t ions  permi t t ing .  

METHODS 

Sub t ida l  Permanent S t a t i o n s  

Permanent s t a t i o n s  a r e  surveyed a s  fol lows:  two d i v e r s  swim a long  

a 30-m t r a n s e c t  count ing o r  e s t ima t ing  abundance of s e l e c t e d  i n v e r t e -  

b r a t e s ,  a lgae ,  and f i s h  l m  t ~ ~ e i t h e r  s i d e  of t h e  t r a n s e c t  l i n e .  The 

presence of school ing  f i s h e s  over and around t h e  s t a t i o n s  i s  a l s o  noted 

as v i s i b i l i t y  al lows.  

Sub t ida l  Random S t a t i o n s  - 
Rsndom s t a t i o n s  are s e l e c t e d  from a g r i d  of  numbered b locks  30.5-m 

on a s i d e .  Random number t a b l e s  a r e  used t o  s e l e c t  t h e  s t a t i o n  numbers. 

W e  a t tempt  t o  complete 24 random 30-m2 s t a t i o n s  i n  bo th  Diablo Cove and 

t h e  Xorth Control  a r e a  each year  dur ing  t h e  summer and e a r l y  f a l l  ( Ju ly  

through October).  I n  Diablo Cove, t h e  24 s t a t i o n s  a r e  d iv ided  e q u a l l y  

between North Diablo Cove and South Diablo Cove (Figure 1 ) .  The 12 

s t a t i o n s  i n  each s e c t i o n  of t h e  cove a;e f u r t h e r  s t r a t i f i e d  a s  fo l lows:  

e i g h t  s t a t i o n s  from shal low depth b locks  of 2.1 t o  7.6 m and f o u r  s t a t i o n s  

from blocks wi th  depths  ranging from 7.5 t o  18.3 m. S t a t i o n s  a r e  

l oca t ed  wi th  a  fathometer  and by t r i a n g u l a t i o n  wi th  a  hand-held compass 

s igh ted  on known f i x e d  o b j e c t s  on land .  A t  each s t a t i o n ,  counts  are 

made of s e l e c t e d  i n v e r t e b r a t e s  and brown a lgae  us ing  an a rc - t r ansec t  



FIGURE 1. Locat ion of randoin s u b t i d a l  and i n t e r t i d a l  areas -- Diablo Canyon 
Power P l a n t  S i t e .  (Dark l i n e s  i n  Diablo Cove des igna te  deep and 
shallow s t r a t a  and North Cove and South Cove s t r a t a ) .  



method which desc r ibes  a 30-m2 c i r c u l a r  a r e a ;  t h e  b o a t ' s  anchor s e r v e s  

a s  t h e  c e n t e r  of t h e  c i r c l e .  So f t  red  a l g a e  were q u a n t i f i e d  by c o l l e c t i n g  

a l l  p l a n t s  from a one-quarter square  meter (114-m2) quadra t  w i th in  t h e  

30-m2 a r e a .  Divers p l ace  s t a i n l e s s  s t e e l  114-m2 quadra t s  on t h e  s u b s t r a t e  

and remove a l l  f o l i o s e  red a l g a e  i n t o  p l a s t i c  bags. Samples a r e  s o r t e d  

t o  spec i e s  i n  t h e  l abo ra to ry ,  weighed w e t ,  and placed i n t o  d e s i c c a t i n g  

ovens. Samples a r e  reweighed when dry  f o r  a water - f ree  weight used a s  

an index of biomass. Incidence of occurrence and d ry  weight a r e  t a b u l a t e d  

f o r  each spec i e s .  

Phys i ca l  d a t a  i nc lud ing  depth,  s u b s t r a t e ,  , v i s i b i l i t y ,  and s u r f a c e  

and bottom temperatures  a r e  recorded a t  each s t a t i o n .  

Se l ec t ion  of random s t a t i o n s  i n  t h e  North Control  a r e a  (Figure 1 )  

is accomplished i n  a d i f f e r e n t  manner because of a l a c k  of a ba thymetr ic  

map. The 24 s t a t i o n s  a r e  chosen by s e l e c t i n g  24 nunbers f r o n  30 t o  60 

( r ep re sen t ing  compass bear ings  from a prominent landmark i n  t h e  c e n t e r  

of t h e  a r e a )  from random number t a b l e s .  Depths i n  t h r e e  zones ranging 

from 2.1 t o  18.3 m a r e  then s e l e c t e d  from another  random number t a b l e ;  12  

numbers from 2.1 t o  6 . 1  m, e i g h t  from 6.4 t o  12.2 m, and f o u r  from 12.5 

t o  18 .3  m. S t a t i o n s  a r e  l oca t ed  a s  be fo re  w i t h  hand-held compass and 

fathometer .  The two depth s t r a t a  i n  Diablo Cove a r e  comparable t o  t h e  

shallow depth  s t r a t a  i n  North Control .  

Surveys of 114-m2 quadra ts  a r e  conducted a s  fo l lows:  a t  t he  random 

30-m2 s t a t i o n s ,  a 30-m t r a n s e c t  l i n e  i s  l a i d  ou t  p a r a l l e l  t o  shore .  A t  

f ou r  p o i n t s  a long t h e  t r a n s e c t  l i n e  a l l  i d e n t i f i a b l e  i n v e r t e b r a t e s  and 

brown a l g a e  a r e  counted. These p o i n t s  a r e  s e l e c t e d  from a random number 

t a b l e .  A l l  f o l i o s e  red  a l g a e  a r e  removed f o r  l a b o r a t o r y  process ing  

before  counts  a r e  made. I n  a d d i t i o n  t o  counts  of  i n v e r t e b r a t e s ,  t h e  



d i v e r s  a l s o  make a count of a l l  b u l l  ke lp  p l a n t s ,  NereocysSis Zuetkeana, 

w i t h i n  1 m t o  e i t h e r  s i d e  of t h e  t r a n s e c t  l i n e .  

Random I n t e r t i d a l  S t a t i o n s  

Survey methods f o r  sampling i n t e r t i d a l  i n v e r t e b r a t e  and a lgae  popu- 

l a t i o n s  have been s tandard ized  s i n c e  1974 and remain c o n s i s t e n t  w i th  

e a r l i e r  r e p o r t s .  Those methods w i l l  be  r e i t e r a t e d  b r i e f l y  here .  

There a r e  four  s tudy  a r e a s :  t h r e e  i n  t h e  a r e a  of t h e  f u t u r e  d i s -  

charge and one i n  a c o n t r o l  a r e a .  The t h r e e  i n  t h e  d i scha rge  a r e a  (Diablo 

Cove) a r e  r e f e r r e d  t o  a s  North Diablo Cove I n t e r t i d a l  (NDCI), South 

Diablo Cove I n t e r t i d a l  (SDCI) , and Diablo Po in t  I n t e r t i d a l  (DPI) . A t  

each Diablo Cove s tudy  a r e a ,  t h e r e  a r e ,  r e s p e c t i v e l y ,  a t o t a l  of 9, 9 ,  and 

4 s t a t i o n s  which a r e  permanent f i x e d .  The c o n t r o l  a r ea ,  North Control  

I n t e r t i d a l  (NCI), i s  w e l l  removed from p o t e n t i a l  i n f luence  by t h e  thermal  

d ischarge  a t  a s i t e  approximately 3 b. n o r t h  of  Diablo Cove. There a r e  

10 f i x e d  s t a t i o n s  a t  t h e  c o n t r o l  a r e a .  

Within each s t a t i o n ,  r e g a r d l e s s  of l o c a t i o n ,  sampling is conducted 

a t  fou r  randomly chosen p o i n t s  a long  a 30-m t r a n s e c t  l i n e  which i s  

l a i d  p a r a l l e l  t o  t h e  s h o r e l i n e .  Should a p o i n t  occur  p a r t i a l l y  o r  

wholly below water l e v e l ,  a n  a l t e r n a t e  random p o i n t  a long t h e  l i n e  i s  

sampled. The p o i n t s  are p r e s e l e c t e d  from random number t a b l e s .  

Sampling p e r i o d i c i t y  i s  twice yea r ly :  once dur ing  t h e  minus t i d e s  

of win te r  (known gene ra l ly  a s  t h e  "Davidson Period") and once dur ing  t h e  

minus t i d e s  of summer ( t h e  "Upwelling Period") .  During each  pe r iod ,  a l l  

s t a t i o n s  a r e  sampled once (Table 1 ) .  

Quadrat s i z e  a t  each  sample p o i n t  i s  1 / 4  m2,  making a t o t a l  of 1 m2 

of sampled a r e a  a long  t h e  30-m t r a n s e c t  l i n e  a t  each  s t a t i o n .  



TABLE 1, I n t e r t i d a l  S t a t i o n s  Surveyed, Diablo Canyon Power P l a n t  S i t e ,  
October 1976 Through August 1977. 

Area Season S t a t i o n  No, Date 

DPI 

SDCI 

Davids on 

Upwelling 

Davidson 

Upwelling 

Davidson 

Upwelling 

Davidson 

Upwelling 

1 9  Dec. 76 
1 8  Jan .  77 
19  Jan.  77 
3 Mar. 77 

2, 3 1 June 77 
4, 5 2 June 77 
6 ,  7 3 June 77 
8, 9 4 June 77 
1 5 June 77 
1 0  6 June  77 

No win te r  surveys  due t o  rough 
s e a s  dur ing  sampling occas ions .  

7 May 77 
1 Aug. 77 

1, 2 22 Oct.  76 
3,  4 23 O c t .  70 
5 24 Oct. 76 
6 1 7  Feb. 77 
7 ,  8 1 7  Jan .  77 
9 18  Dec. 76 

1, 2 5 May 77 
3, 4 6 May 77 
5 3 J u l y  77 
6, 7 1 J u l y  77 
8 30 June 77 
9 29 June 77 

19  Nov. 76 
20 Nov. 76 
5 Dec. 76 
2 Feb. 77 
3 Feb. 77 
1 3  Feb. 77 
14  Feb. 77 

4 May 77 
3 Hay 77 
4 J u l y  77 
30 J u l y  77 
29 J u l y  77 
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A t  each quadra t ,  t h e  fo l lowing  samples andjor  d a t a  are c o l l e c t e d :  

1. A l l  f o l i o s e  and f i lamentous  r ed  and green a l g a e  a r e  c o l l e c t e d  

i n  appropr i a t e ly  l a b e l l e d  p l a s t i c  bags f o r  l a t e r  l a b o r a t o r y  process ing  

(descr ibed  i n  t h e  fo l lowing  s e c t i o n ) .  

2. AT1  s o l i t a r y ,  non-cryptic macro inver tebra tes  ( > I 0  mm) are 

i d e n t i f i e d ,  counted and se l ec t ed .  s p e c i e s  are measured. 

3.  Time a t  c o l l e c t i n g  and p o s i t i o n  (he igh t )  of  each quadra t  

r e l a t i v e  t o  water  l e v e l  i s  noted.  

4. Percentage cover of a r t i c u l a t e d  c o r a l l i n e s  and s u r f g r a s s  a r e  

es t imated .  

In add i t i on ,  abalones i n  a 1-m swath t o  e i t h e r  s i d e  of t h e  30-m 

t r a n s e c t  l i n e  (=60 m2) a r e  counted. S ince  1975, w e  have a l s o  performed 

a perpendicular- to-shorel ine t r a n s e c t  t o  assess abalone popula t ions  i n  

h igher  reg ions .  The lz i igth of t h i s  t r a n s e c t  v a r l z s  w i t h  s h g r e l i n c  width.  

Once t h e  a l g a l  samples are c o l l e c t e d ,  t hey  are preserved  i n  4% seawater  

formal in  and s t o r e d  u n t i l  they  can b e  processed.  Process ing  of  samples 

c o n s i s t s  of s o r t i n g  t o  s p e c i e s ,  o b t a i n i n g  a  w e t  weight t o  0 .1  g accuracy,  

dry ing  t h e  s o r t e d  sample a t  60" t o  7 0 ' ~  f o r  two o r  t h r e e  days (depending 

on t h e  water  r e t e n t i o n  n a t u r e  and q u a n t i t y  of a  s p e c i e s ) ,  and o b t a i n i n g  

a  d ry  weight f i g u r e  f o r  each spec i e s .  It i s  t h i s  water-free weight we 

use  t o  r ep re sen t  biomass. A l l  samples are then  inven to r i ed  and s t o r e d  

a t  l e a s t  u n t i l  t h e  s tudy  ends. 

Tile s t a t i s t i c a l  goa l  of t h i s  s tudy  is  t o  be  a b l e  t o  d e p i c t  how much 

a l g a e  ( t o t a l  biomass) occurred be fo re  thermal impact beg ins ,  and t o  

determine average (o r  "expected1') a l g a l  s p e c i e s  composition, abundance, 

a s s o c i a t i o n s ,  and s e a s o n a l i t y .  

Sea O t t e r s  

Sea o t t e r  observa t ions  are made by scanning each of t h e  t h r e e  s tudy  



areas wi th  b inocu la r s  from vantage p o i n t s  on tile surrounding c l i f f s .  

O t t e r s  a r e  counted, behavior  no ted ,  and an  a t tempt  is  made t o  i d e n t i f y  

any i tem being consumed. Most observa t ions  were made i n  t h e  e a r l y  

a f te rnoon,  t ime and weather pe rmi t t i ng .  

F i s h  Co l l ec t ions  and Food Habits  

I n t e r t i d a l  f i s h  sampling i s  conducted by d r a i n i n g  a s e l e c t e d  t i d e p o o l  

us ing  a small p o r t a b l e  b i l g e  pump connected t o  a 12-vol t  b a t t e r y .  This  

equipment al lows us  t o  pump ou t  a pool averaging 7.5 m3 i n  about 30 

minutes. 

F i sh  are captured  by hand and d i p  n e t ,  i d e n t i f i e d ,  measured (TL),  

and r e l eased  a l i v e  i n  ad jacent  t i depoo l s .  U n i d e n t i f i a b l e  f i s h  a r e  

re turned  t o  t h e  l abo ra to ry  f o r  f i n a l  i d e n t i f i c a t i o n .  W e  a l s o  c o l l e c t  

c e r t a i n  spec i e s  f o r  stomach content  a n a l y s i s :  t h e s e  inc lude  Gibbonsia 

metsi, G. eZeL7ans, G. montereyensis, Gobiesox maecxndricus, OZigocottus 

snyderi,  Xiphister atropurpureus, and X .  mucosus. The stomachs a r e  

removed and preserved i n  70X I sopropyl  f o r  l a t e r  examination under a 

d i s s e c t i n g  microscope. 

F ish ing  was conducted a t  random and permanent s u b t i d a l  s t a t i o n s ,  

t i m e  and weather condi t ions  pe rmi t t i ng ,  throughout t h e  year  t o  determine 

s p o r t f i s h  catch-per-uni t -of-effor t .  W e  used s tandard  te rmina l  t a c k l e  

c o n s i s t i n g  of "Wonder J ig s"  w i th  and without  s t r i p s  of c u t  squid .  Xonder 

J i g s  a r e  c o m r c i a l l y  produced r o c k f i s h  l u r e s  w i t h  fou r  hooks covered 

wi th  yellow and red y a m  a t t ached  t o  a 30-pound t e s t  l e a d e r .  F i sh ing  

took p l ace  w i t h  one o r  two rods  f o r  30 minutes.  During t h i s  t i m e  w e  

a t tempted t o  ca t ch  as many f i s h  as p o s s i b l e  r e g a r d l e s s  of s i z e  o r  

spec i e s .  Records were kept  of t h e  s t a t i o n  l o c a t i o n ;  depth;  bottom and 

su r f ace  temperatures;  s ecch i  d i s c  reading;  and number, s i z e ,  and sex 



( i f  i d e n t i f i a b l e )  of each s?ec i e s  caught.  Most- f i s h e s  w e r e  r e tu rned  t o  

t h e  water ;  however, we u s u a l l y  r e t a i n e d  a l l  gopher and black-and-yellow 

rock f i shes ,  Sebastes camatus  and S. chrysomeZas, r e s p e c t i v e l y ,  t o  

examine t h e i r  stomach con ten t s .  

COiYTROL STATIONS 

S u b t i d a l  A c t i v i t i e s  

The four  permanent s u b t i d a l  s t a t i o n s  e s t a b l i s h e d  i n  1970 a r e  

l o c a t e d  i n  t h e  coves immediately n o r t h  and sou th  of Diablo Cove (Figure 2) .  

S t a t i o n s  6 and 7 w e r e  surveyed twice  during t h e  yea r ,  s t a t i o n  15  wag sur -  

veyed t h r e e  t i m e s ,  and s t a t i o n  8 was r e e s t a b l i s h e d  and surveyed once 

(Tables 2A and 2B). I n  t h e  North Cont ro l  (Figure I ) ,  a l l  24 of t h e  random 30-m2 

s t a t i o n s  were completed and 1 2  of t h e  1/4-m2 s t a t i o n s  ( four  quadra ts  

per  s t a t i o n )  were a l s o  surveyed. 

Algae 

Resu l t s  

Twenty-three 114-m2 samples of red  a l g a e  were t aken  from random 

30-m2 s u b t i d a l  s t a t i o n s  dur ing  t h e  1976 Upwelling pe r iod .  The samples 

were s u b j e c t i v e l y  s e l e c t e d  from a r e a s  of denses t  a l g a l  growth w i t h i n  

randomly s e l e c t e d  s t a t i o n s  which ranged i n  depth from 1 2  t o  55 f e e t .  

Twelve s t a t i o n s  were shal low (225 f e e t )  and 11 were deep (25 t o  55 f e e t ) .  

BotryogZossum farZowianm and ~ymenena- spp .  were t h e  most common red  

a lgae ,  each occurr ing  i n  17  (73.9%) of t h e  23 samples (Table 3).  Micro- 

cZadia couz ter i ,  occurr ing  i n  14  (60.9Z) of t h e  samples, was nex t  most 

common. Twenty-six spec i e s  of r ed  a l g a e  were i d e n t i f i e d  from North 

Control  s t a t i o n s .  Species  occu r r ing  i n  our  samples f o r  t h e  f i r s t  t i m e  

w e r e  : CaZZophy ZZis megaZocarpa, Rhodopti Zwn plwnoswn, Fauchea media, 



Fields Cove 

P.G.& E. 
Oiab[o Canyon Power 

Plant S i t e  

FIGURE 2. L o c a t i o n s  of permanent s u b t i d a l  and i n t e r t i d a l  s t a t i o n s  -- Diab lo  
Canyon Power P l a n t  S i t e .  . S t a t i o n s  1, 2 ,  3 ,  P l ,  P2 ,  P3 a r e  i n t e r -  
t i d a l ;  S t a t i o n s  6 ,  7 ,  8,  9 ,  1 0 ,  11, 1 2 ,  15, 1 6  a r e  s u b t i d a l ;  S t a t i o n s  
4, 5 ,  1 3  and 14  are abandoned. 



TABLE 2A. Summary of S u b t i d a l  S a n p l i n g  E f f o r t ,  Permanent S t a t i o n s ,  
Diablo  Canyon Power P l a n t  S i t e ,  J u l y  1.973 Through June  1977. 

1973  1974 1975 1976 1977 
---- 

Permanent S t a t i o n s  (SO-m') -- Number of Surveys  

S t a t i o n  6  -- 2 2 2 



TABLE 2B. Summary of S u b t i d a l  Sampling E f f o r t ,  Random S t a t i o n s ,  Diab lo  
Canyon Power P l a n t  S i t e ,  J u l y  1973 Through June  1977. 

30-m2 S t a t i o n s  1/4-m2 S t a t i o n s *  

0-25 26-50 51-75 0-25 26-50 51.--75 

South Diab lo  Cove 

Nor th  Diablo  Cove - 

Nor th  C o n t r o l  

*We sample f o u r  q u a d r a t s  a t  each 1/4-m2 s t a t i o n .  

+Surveys completed a f t e r  t h i s  r e p o r t  p e r i o d .  



TABLE 3 .  Mean Weights  (Dry Weight i n  Granls) and P e r c e n t  Frequency o f  Occur rence  o f  
b m i n a n t  S u b t i d a l  Fad Algae a t  Random S t a t i o n s ,  Diab lo  Canyon Power P l a n t  
S i t e ,  J u l y  ~ h r o u g h  November 1976. 

S p e c i e s  

Diab lo  Cove (N=12) North C o n t r o l  (N-23) 

Nean Dry W t .  P e r c e n t  ?lean Dry W t .  P e r c e n t  
(g) /1/4m2 Frequency (g) /1/4m2 Frequency 

Botryog Zosswn farZowimwn 53.1 91.7 79.9 73.9 

CaZZophy ZZis v io  Zacea 2.6 41.7 0.6 26 .1  

Gigartina exasperata 26.5 41.7 36.7 30.4 

Hymenena spp . 1 4 . 1  66.7 30.8 73.9 

Iridcea cordata v. splendens 3.0 41.7 0.2 4 . 3  

P!?:crocZadia couZteri 1.6 91.7 1 . 4  60.9 



PZeolzosporiwn vancouverianum, and Hhodymexia cn Z Zophy Z 2idoi .d~~.  

The most abundant a lga ,  i n  terms of mean d ry  weight ,  was B. farZou)ianwn, 

followed by G<gart ina exaspera ta  and Hyrnenena spp. The mean d r y  weight of 

a l l  random North Control  samples w a s  156.9 g. Samples from shal low s t a t i o n s  

had a  g r e a t e r  mean d ry  weight and s l i g h t l y  g r e a t e r  s p e c i e s  d i v e r s i t y  than 

deeper s t a t i o n s  (Table 4 ) . 
Pterygophora caZifornica was t h e  most numer ica l ly  abundant brown 

a lgae  found on random s u b t i d a l  s t a t i o n s  i n  our  North Control  a r e a  (F igure  3)  

i n  1977. The mean of 48.9 p l a n t s  pe r  30-m2 r e p r e s e n t s  a cons iderable  

i nc rease  over t h e  1976 f i g u r e  of 13 .5 .  Laminaria d e n t i g e r a  was next  most 

common wi th  27.8 p l a n t s  per  30-m2. This  represented  an i n c r e a s e  over  t h e  

1976 mean per  30-rn2 of 21.3. Leasr abundant of t h e  brown a l g a e  t a b d a t e d  

was Nereocyst is  Zuetkeana, which averaged 1 .3  p l a n t s  pe r  s t a t i o n .  This  

wzs a decrease  from t h e  1976 peak of 5.2 2lants p e r  s t a t i o n  (Figure 4 ) .  

P. caZ i fomica  was t h e  most abundant brown a l g a e  a t  permanent s t a t i o n s  

(mean of 144.3 p l a n t s  per  s t a t i o n ) ,  followed by L. d e n t i g e r a  (58.3 p l a n t s  

pe r  s t a t i o n )  and N. Zuetkeana (20.5 p l a n t s  per  s t a t i o n ) .  Laminairia and 

Nereocyst is  bo th  showed inc reases  over  t h e  1976 f i g u r e s  of 50.7 and 1 . 3  

p l a n t s  per  s t a t i o n ,  r e s p e c t i v e l y  (Figure 3) .  Pterygophora,  on t h e  o t h e r  

hand, dec l ined  from t h e  1976 l e v e l  of 153.3 p l a n t s  p e r  s t a t i o n  (Figure 4 ) .  

I n v e r t e b r a t e s  

Resu l t s  

A s  mentioned i n  t h e  i n t r o d u c t i o n ,  w e  w i l l  no t  p r e s e n t  t a b l e s  of 

c o l l a t e d  d a t a  i n  t h i s  annual r e p o r t  a s  we have done i n  t h e  p a s t .  I n s t e a d ,  

t h e  d i scuss ion  which fol lows inc ludes  t h e  more abundant q u a n t i f i e d  s p e c i e s .  

W e  a l s o  present  some pre l iminary  ana lyses  u t i l i z i n g  some of t h e  methods we 

w i l l  be p re sen t ing  i n  t h e  f i n a l  r e p o r t  of p reope ra t iona l  s t u d i e s .  In 



TABLE 4. Hean Dry Weights and Numbers of S p e c i e s  o f  Red Algae by Depth From Random 1/4-m2 Quadrat  Samples, 
Diablo  Canyon Power P l a n t  S i t e ,  July Through November 1976. 

Diablo Cove North  C o n t r o l  

No. of Nean KO . Mean Dry W t .  No. o f  Mean No. Mean Dry !Jt. 
S t  a t  i o n s  of Spec ies  p e r  1 / 4 m 2  S t a t i o n s  of S p e c i e s  p e r  1/4m2 

Shallow S t a t i o n s  
(< 25 f e e t )  8 7.2 141.9 1 2  5.5 220.8 

Deep S t a t i o n s  
(25 t o  55 feet) - 4 1 0 . 0  - 

TOTALS 



FIGURE 3.  Mean counts of Laminaria and Pterygophorc a t  a l l  random 30-m2 
s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power Plant .  NDC-North Diablo 
Cove, SDC-South Diablo Cove, NC-North Control. (P.efer t o  
Tables 2A and 2B f o r  l eve l  of e f f o r t . )  



Nereocyst i s  l~ret keana - 

FIGURE 4 .  Mean counts  of b u l l  k e l p  a t  random 30-m2 s t a t i o n s ,  Diablo 
Canyon Power P l a n t  S i t e .  NDC-North Diablo Cove, SDC-South 
Diablo Cove, NC- North Control .  



orde r  t o  provide more da ta  po in t s ,  w e  a r e  inc luding some random s t a t i o n  

d a t a  co l l ec ted  from J u l y  through October 1977 t h a t  u s u a l l y  would n o t  

be  included. 

LeuciZZa nutting<: an inc rease  i n  t h e  frequency of occurrence of t h e  

aggregat ing urn sponge a t  random s t a t i o n s  i n  t h e  North Control  fol lows 

t h e  same p a t t e r n  observed a t  Diablo Cove s t a t i o n s  (Figure 5 ) .  This  

apparent inc rease  may be due t o  increased  d ive r  r ecogn i t ion  over the  years .  

Tethya aurantia: Tethya abundance a t  permanent s t a t i o n s  has been com- 

p a r a t i v e l y  s t a b l e  (Figure 6 ) ,  but a t  random North Control s t a t i o n s  (30-m2) 

t h e  abundance of t h e  orange p u f f b a l l  sponge has increased  s i n c e  the '  i n i t i a l  

1974 surveys (Figure 7).  The r eg ress ion  a n a l y s i s  of Yethya numbers and 

depth ind ica ted  a  s i g n i f i c a n t  r e l a t ionsh ip ;  t h e  ca lcu la t ed  r value  i s  

0.88 (Table 5 ) . 
AnthopZem x a n t h o g r d c a :  permanent c o n t r o l  s t a t i o n s  have produced 

r e l a t i v e l y  s t a b l e  counts of green anemones ove r ' t he  yea r s  (Figure 8) .  

Conversely, counts of green anemones have increased  dramat ica l ly  a t  

North Control random s t a t i o n s  (Figure 9). Anthopleura numbers per  s t a t i o n  

tend t o  decrease wi th  depth a t  North Control random s t a t i o n s  (Table 5 ) .  

BaZanophyZZia eZegans: t h e  frequency of occurrence of orange cup 

c o r a l s  has  increased  s l i g h t l y  a t  North Control  random s t a t i o n s  (Figure 10) .  

The increase  i n  abundance a t  deeper s t a t i o n s  was s i g n i f i c a n t  (Table 5 ) .  

Epiactis prozifera: t h e  p r o l i f e r a t i n g  anemones' frequency of  occur- 

rence has  increased s u b s t a n t i a l l y  a t  random North Control s t a t i o n s .  The 

decrease i n  abundance wi th  inc reas ing  depth was s i g n i f i c a n t  at  t h e  95% 

l e v e l  (Figure 11).  

Henricia ZeviuscuZa: a t  permanent c o n t r o l  s t a t i o n s ,  Henricia numbers 

have remained f a i r l y  s t a b l e  (Figure 12) .  However, t h e  d e n s i t y  of red s e a  



FIGURE 5 .  Frequency of occurrence of agg rega t ing  u r n  sponge a t  random 
30-m2 s u b t i d a l  s t a t i o n s ,  Diablo Canyon Pqwer P l a n t .  DC-Diablo 
Cove, NC-North Control .  
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FIGURE 7. l e a n  counts of orange p u f f b a l l  sponges a t  a l l  random 30-m2 
s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power P lan t  S i t e .  NC-North 
Control,  NDC-North Diablo Cove, SDC-South Diablo Cove. 



TABLE 5. Leaet Square ~ e g r e e s i o n  Analyses (Y - a + bX) of Numbers Per  S t a t i o n  (Y) and Depth (X) of Selected Brown Algae and I n v e r t e b r a t e s ,  
Diablo Canyon Power P l a n t  S i t e ,  1976. 

D I A B L O  C O V E  N O R T H  C O N T R O L  

Species 
No. of No, of 

Observations a b a of b r Observat ions  a b u of  b P 

Brown Algae 

Laminaria dentigem 

Xereocys t i s  luetkeana 

Pterygophora caZifornioa 

Inver t eb ra tes  

Acmaeu nit? 

Anthopleura m t h o g d c a  24 4.76 0.20 0.26 0.16 24 41.19 -0.80 0.36 -0.42 1 
W 
0 

Astmea gibberosa 24 8.16 -0.13 0.18 -0.16 24 20.92 -0.29 0.18 -0.32 1 

Doriopsi Z Za albopunotata 24 1.72 0.18 ' 0.57 0.58 24 1.29 0.96 0.60 

Xomlopom luridwn 40 0.94 0.64 0.34 0.29 4 8 -0.22 0.35 0.14 

Patiria miniata 2 29.53 4.53 1 .84 0.46 24 5.66 2.72 0.50 

Pisaster giganteus 24 36.86 2.59 1.87 0.28 24 -1.68 0.16 0.31 

StzwngyZocentratus frmrdecmzue 24 88.59 6.17 3.02 0.40 24 -0.94 0.19 0.81 

Stye Za mntereyi  24 -10.35 1.12 0.34 0.57 24 5.60 0.90 0.16 

Te thya auvrntia 24 3.50 0.29 0.10 0.51 24 10.61 0.69 0.78 

Tonicella lineata 40 -0.12 0.60 0.32 0.29 48 -0.14 0.43 0.20 

a = i n t e r c e p t #  b - s lope;  r c o r r e l a t i o n  c o e f f i c i e n t ;  a s tandard dev ia t ion  
+ s lope = an inc rease  i n  abundance with inc reas ing  depth - s lope  -= a decrease  i n  abundance wi th  inc reas ing  depth  
95% s ign i f i cance  l e v e l  f o r  24 a t a t i o n s  wi th  two degrees of freedom = 0.47; f o r  40 s t a t i o n s  = 0.36; f o r  48 s t a t i o n s  = 0.33 





FIGURE 9. Mean counts of green anemones a t  a l l  random 30-m2 s u b t i d a l  
s t a t i o n s ,  Diablo Canyon Power Plant  S i t e .  NC-North Control,  
NDC-North Diablo Cove, SDC-South Diablo Cove. 



Balanophyllia e legans 

FIGURE 10. Frequency of occu r r ence  of o range  cup c o r a l s  a t  a l l  random 
30-m2 s u b t i d a l  s t a t i o n s ,  Diab lo  Canyon Power P l a n t  S i t e .  
DC-Diablo Cove, NC-Nor t h  Cont ro l .  



FIGURE 11. Frequency of occurrence of p r o l i f e r a t i n g  anemones a t  a l l  random 
30-m2 s u b t i d a l  s t a t i o n s ,  Diablo Canyon P o w e r  P l a n t  S i t e .  NC- 
North Control ,  DC-Diablo Cove. 
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s t a r s  has cons i s t en t ly  increased a t  North Control random s t a t i o n s  s i n c e  

1974 (Figure 13).  There appears t o  be l i t t l e  o r  no r e l a t i o n s h i p  between 

depth and abundance of red sea  s t a r s  t h a t  we have observed i n  Diablo Cove 

(Table 5 ) . 
Orthasterias koehteri: d e s p i t e  year-to-year f l u c t u a t i o n s ,  rainbow 

sea s t a r  populations a r e  about the  same a t  permanent con t ro l  s t a t i o n s  a s  

they were i n  1974 (Figure 14) .  There was an apparent decrease i n  numbers 

a t  North Control random s t a t i o n s  (Figure 15) .  

Patiria h n i a t a :  sea  b a t  numbers have var ied  widely a t  permanent 

control  s t a t i o n s  over the  years (Figure 16) .  A t  random North Control 

s t a t i o n s ,  the re  has been a small increase  i n  abundance (Figure 17) .  

Pat<ria were s i g n i f i c a n t l y  more abundant a t  deeper North Control s t a t i o n s  

(Table 5 ) . 
Pisaster giganteus: gian t  spined s e a  s t a r s  increased i n  numbers a t  

permanent s t a t i o n s  6 and 7 but  declined a t  s t a t i o n  15 (Figure 18).  Their  

abundance a t  Borth Control random s t a t i o n s  has decreased (Figure 19) .  

Giant spined sea  s t a r s  w e r e  s i g n i f i c a n t l y  more abundant a t  deeper s t a t i o n s ;  

the  r value of t h e  regression f o r  occurrence wi th  depth i s  0.73 (Table 5 ) .  

Pycnopodia hetianthoides: numbers f o r  the  sun s t a r  have a l s o  var ied  

considerably a t  permanent con t ro l  s t a t i o n s  (Figure 20) a t  North Control 

random s t a t i o n s .  Pycnopodia has declined s t e a d i l y  a t  a l l  loca t ions  s ince  

our i n i t i a l  surveys i n  1974 (Figure 21). 

StrongyZocentrotus franciscanus: t h e  decl ine  of g i a n t  red sea  urchins 

a t  permanent control  s t a t i o n s  and random North Control s t a t i o n s  p a r a l l e l s  

t h a t  of Diablo Cove permanent and random s t a t i o n s  (Figures 22, 23). Giant 

red sea  urchins were more abundant a t  deeper s t a t i o n s  (Table 5 ) .  



FIGURE 13. Mean counts  of red  sea s t a r s  a t  a l l  random 30-m2 s u b t i d a l  
s t a t i o n s ,  Diablo Canyon Power P l a n t  S i t e .  NC-North Control ,  
SDC-South Diablo Cove, NDC-North Diablo Cove. 



FIGURE 15. Mean counts of rahbow sea s t a r s  a t  a l l  random 30-m2 subt idal  
s ta t ions ,  Diablo Canyon Power Plant S i te .  SDC-South Diablo 
Cove, NC-North Control, NDC-North Diablo Cove. 
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Fatiria miniata . -. . 

I I 

1974 1955 1976 1977 

FIGURE 17. Mean counts of sea b a t s  a t  a l l  random 30-m2 sub t i da l  s t a t i ons ,  
Diablo Canyon Power Plant  S i t e .  NDC-North Diablo Cove, SDC- 
South Diablo Cove, NC-North Control. 
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FIGURE 18. l4ean counts  of g i an t  spined sea s t a r s  a t  permanent s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power P l a n t  Site. 
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1974 19 75 19 76 197 7 

FIGURE 19. Mean counts of g i a n t  spined sea  s t a r s  a t  a l l  random 30-m2 
s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power P lan t  S i t e .  NC- 
North Control ,  'NDC-North Diablo Cove, SDC-South Diablo Cove. 
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. .  .- Pycnopodia helianthoides 

FIGURE 21. Mean counts of sun s t a r s  a t  a l l  random 30-m2 sub t i da l  s t a t i ons ,  
Diablo Canyon Power Plant  S i t e .  NDC-North Diablo Cove, NC-North 
Control, SDC-South Diablo Cove. 
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FIGURE 23. Mean counts  of g i a n t  r e d  sea u rch ins  a t  a l l  random 30-m2 
s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power P lan t  S i t e .  NDC-North 
Diablo Cove, SDC-South Diablo Cove. 



Cancer a n t e n m i u s :  rock  c r a b s  increased  'at permanent c o n t r o l  

s t a t i o n s  6 and 7  b u t  decreased a t  s t a t i o n  15  (Figure 2 4 ) .  An apparent  

s l i g h t  i n c r e a s e  i n  rock crab d e n s i t y  has been observed a t  North Control  

random s t a t i o n s  s i n c e  1974 (Figure 25) .  

Astraea gibberosa: r ed  turban  s n a i l  numbers have been q u i t e  s t a b l e  

at permanent c o n t r o l  s t a t i o n s ,  bu t  have increased  s u b s t a n t i a l l y  a t  North 

Control  random s t a t i o n s  (Figures  26 and 27).  

Doriopsilla albopunctata: DoriopsiZZa i nc reased  i n  abundance a t  a l l  

permanent c o n t r o l  s t a t i o n s ,  and a t  North Cont ro l  random s t a t i o n s  (F igures  

28 and 29) .  The r eg re s s ion  of numbers and depth f o r  DoriopsiZZa produceil 

a low r value  of 0.32 (Table 5), i n d i c a t i n g  no r e l a t i o n s h i p  wi th  depth.  

Haliotis mrfescens: red  abalone numbers have dec l ined  s u b s t a n t i a l l y  

a t  permanent c o n t r o l  s t a t i o n s .  However, t h e  d e n s i t y  a t  i?orth Control  

random s t a t i o n s  apparent ly  has  been inc reas ing  s i n c e  1975 when t h e  sea 

o t t e r  f r o n t  moved f a r t h e r  t o  t h e  sou th  ( ~ i g u r e s '  30 and 31).  

HomZopoma Zuridwn: Homalopoma a r e  one of t h e  most common s n a i l s  t h a t  

w e  have observed a t  our  random 1/4-m2 s t a t i o n s .  The c a l c u l a t e d  r value  

of  0.35 f o r  t h e  r e l a t i o n s h i p  of abundance w i t h  i n c r e a s i n g  depth  w a s  s i g -  

n i f i c a n t  a t  t h e  95% l e v e l  (Table 5 ) .  

TmiceZZa lineata: t h e  frequency of occurrence of  t h e  l i n e d  c h i t o n  

appears  t o  have increased  over  t h e  yea r s  a t  North Control  random s t a t i o n s  

(Figure 32) .  

EudistyZia polymorpha and Boltenia vi l losa:  our  d i v e r s  a r e  s ee ing  

EudistyZia and BoZtenia a t  more random s t a t i o n s  than  i n  prev ious  yea r s  

(Figure 3 3 ) .  

Styela montereyensis: d e n s i t i e s  of t h i s  s o l i t a r y  t u n i c a t e  have 

followed t h e  s a m e  p a t t e r n s  a t  random North Control  s t a t i o n s  as noted i n  
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Astrata gibberosa - 
Deep stations (16-rstt) 

Astraea glbberosa - 
Shallow statlons (10-25 ft) 

Diablo Cove 

Dlablo Cove 

Control Areas Control Area 

FIGURE 26. Mean counts of red turban s n a i l s  a t  permanent s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power Plant S i t e .  



FIGURE 27. Mean counts  of r ed  tu rban  s n a i l s  a t  a l l  random 30-m2 s u b t i d a l  
s t a t i o n s ,  Diablo Canyon Power P l a n t  S i t e .  NC-North Cont ro l ,  
SDC-South Diablo Cove, NDC-North Diablo Cove. 
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FIGURE 29. Mean counts of white spot ted  sea  lemon a t  a l l  random 30-m2 
s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power Plant  Site. NC-North 
Contro, NDC-North Diablo Cove, SDC-South Diablo Cove. 
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FIGURE 31. Mean counts of red abalone at a l l  random 30-m2 s u b t i d a l  
s t a t i o n s ,  Diablo Canyon Power Plant  S i t e .  NC-North 
Control,  NDC-North Diablo Cove, SDC-South Diablo Cove. 
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FIGURE 32. Frequency of occurrence of l i n e d  ch i tons  a t  a l l  random 30-m2 
s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power P l a n t  S i t e .  NC-North 
Control ,  DC-Diablo Cove ( inc ludes  bo th  North and South Diablo 
Cove). 
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Diablo Cove random s t a t i o n s .  General ly,  t h e  numbers have increased  s i n c e  

1974 (Figure 34). 

The regress ion  a n a l y s i s  of numbers of animals and depth was conducted 

i n  order  t o  determine i f  t h i s  would r e f l e c t  s i g n i f i c a n t  t r ends  f o r  t h e  

animals i n  quest ion.  These abundanceldepth r eg ress ions  then could be 

compared wi th  s i m i l a r  r eg ress ions  a f t e r  t h e  p l a n t  goes i n t o  operat ion.  

Theore t i ca l ly  a  s i g n i f i c a n t  change i n  t h e  r eg ress ion  l i n e  would i n d i c a t e  

a s h i f t  of t h e  popula t ions ,  e i t h e r  inshore  o r  o f f shore ,  of a p a r t i c u l a r  

species .  These populat ion s h i f t s  i n t o  e i t h e r  deeper o r  shal lower water 

could then be r e l a t e d  t o  n a t u r a l  causes o r  p l a n t  opera t ions .  Even though 

t h e r e  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t  t r ends  f o r  some spec ies ,  w e  a r e  n o t  

convinced t h a t  t h i s  method of a s sess ing  changes w i l l  prove v iab le .  

F i sh  

Resul t s  

Since our s t u d i e s  began i n  1973, we have observed and i d e n t i f i e d  40 

spec ies  of f i s h  r ep resen t ing  16  f a m i l i e s  a t  Diablo Cove and c o n t r o l  sub- 

t i d a l  s t a t i o n s  (Gotshal l  et  a l .  1974, 197G, 1977). However, only  e i g h t  

spec ies  a r e  observed r e g u l a r l y  (25% o r  more of t h e  s t a t i o n s ) .  In t h i s  

r epor t ,  w e  w i l l  l i m i t  our d i scuss ion  t o  those  e i g h t  spec ies .  

Ernbiotoca la tera l i s :  s t r i p e d  su r fpe rch  w e r e  observed a t  57% of 

permanent c o n t r o l  s t a t i o n s  during 1976-77 .surveys and a t  46% of North 

Control  random s t a t i o n s  (Table 6, Figure 35). 

Hexagrmos decagrammus: ke lp  greenl ing  w e r e  p resen t  during every  

survey of permanent c o n t r o l  s t a t i o n s  i n  1973-74, bu t  t h i s  percentage 

dropped t o  about 50% in subsequent yea r s  (Table 6). The frequency of 

occurrence of ke lp  greenl ing  has  dec l ined  a t  random s t a t i o n s  a l s o  (Figure 35). 
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FIGURE 3 4 .  Mean counts per  s t a t i o n  of the  rnonterey s o l i t a r y  tun ica te  a t  
a l l  random 30-m2 sub t ida l  s t a t i ons ,  Diablo Canyon Power Plant  
S i t e .  SDC-South Diablo Cove, NC-North Control, NDC-North 
Diablo Cove. 



TABLE 6 .  Percent Frequency of  Occurrence of Eight Species of Fish a t  Permanent 
Stations, Diablo Canyon Power Plant S i t e ,  July 1973 -- June 1977. 

Diablo Diablo Diablo Diablo 
Species Cove Control Cove Control Cove Control Cove Control 

hrbiotoca lateralis 

phiodon e Zongatus 

'corpaenichthy s 
mamoratus 

'ebastes chrysome Zas 

'ebastes camatus 

$bastes mystinus 
(adult) 

rebastes mys tinus 
(juveniles)  

IiUMBER OF SURVEYS 





Ophiodon eZmgatus: l ingcod occurrence a t  permanent c o n t r o l  s t a f i o n s  

f luc tuated  between approximately 33% and.57% with  no apparent t rend 

(Table 6 ) .  However, the re  was a d e f i n i t e  dec l ine  i n  l ingcod observations 

a t  random s t a t i o n s  (Figure 36). 

OxyZebius pictus: painted greenling occurrences a t  both permanent a s  

w e l l  a s  random con t ro l  s t a t i o n s  has  been q u i t e  s t a b l e  (Table 6 ,  Figure 36). 

Scoqaenichthys marmomtus: cabezon occurrences have declined at  

permanent con t ro l  s t a t i o n s  while increas ing s l i g h t l y  a t  North Control 

random s t a t i o n s  (Table 6 ,  Figure 37). 

Sebastes chrysomeZas: black and yellow rockf i sh  were no t  observed 

during any of the  permanent con t ro l  s t a t i o n s  i n  1973-74 surveys, however, i n  

subsequent years, they w e r e  present  during about 75% of the  surveys (Table 6 ) .  

Their  occurrence at North Control have been r e l a t i v e l y  s t a b l e  a f t e r  a 

s u b s t a n t i a l  increase  between 1974 and 1975 (Figure 37). 

Sebastes camatus: gopher rockf ish  occurrence has changed only 

s l i g h t l y  a t  permanent con t ro l  s t a t i o n s  (Table 6) .  There has a l s o  been 

l i t t l e  change in frequency of occurrence a t  random North Control s t a t i o n s  

s i n c e  the  increase  t h a t  occurred between 1974 and 1975 (Figure 38). 

Sebastes mystinus: juveni le  b lue  rockf ish  have decreased i n  frequency 

of occurrence a t  permanent con t ro l  s t a t i o n s  while increas ing a t  North 

Control random s t a t i o n s  (Table 6, Figure 38). Conversely, a d u l t  b lue  

rockf ish  occurrences a t  both permanent and random con t ro l  s t a t i o n s  have 

shown only s l i g h t  changes (Figure 39). 

The s p o r t f i s h  catch-per-unit-of-effort s tudy undertaken in J u l y  1974 

was cancelled i n  December 1976 due t o  t h e  high v a r i a b i l i t y  of t h e  data .  

From Ju ly  through December, w e  f i shed  a t  30 North Control and permanent 

con t ro l  s t a t i o n s  (Table 7). T h e - t o t a l  e f f o r t  amounted t o  1 8  pole  hours 



FIGURE 36. Frequency of occurrence of l ingcod and p a i n t e d  green15ng a t  
a l l  random 3 0 d  s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power P l a n t  
S i t e ,  NC-North Control ,  DC-Diablo Cove ( inc ludes  bo th  North 
and South Diablo Cove). 
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FIGURE 37. Frequency of occurrence of cabezon and black-and-yellow 
. rockfish a t  a l l  random 30-m2 subtidal stat ions,  Diablo Canyon 

Power Plant S i t e .  NC-North Control, DC-Diablo Cove (includes 
both North and South Dbiablo Cove). 



FIGURE 38. Frequency of occurrence o f  gopher and juvenile blue rockfish 
. at all random 30-m2 subtidal  s ta t ions ,  Diablo Canyon Power 

S i t e .  KC-North Control, DC-Diablo Cove (includes both North 
and South Diablo Cove).. 



FIGURE 39. Frequency of occurrence of a d u l t  b l u e  r o c k f i s h  a t  a l l  random 
30-m2 s u b t i d a l  s t a t i o n s ,  Diablo Canyon Power P l a n t  S i t e .  NC- 
North Cont ro l ,  DC-Diablo Cove ( inc ludes  both  North and South 
Diablo Cove). 
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TABLE 7. Summary o f ' s p o r t f i s h  Catch-Per-Unit-of-Effort Data, Diablo Canyon Power 
P l a n t  S i t e ,  J u l y  1974 Through Ilecenlber 1976. 

Ju ly-  . Jan.- Ju ly -  Jan .  - Ju ly -  
Dec . June Dec. June  Dec . 

D I A B L O  C O V E  

Tota l  S t a t i o n s  10 1 0  7 20 34 

Depth Range of S t a t i o n s  ( f t . )  25-70 20-80 20-70 15-70 10-68 

T o t a l  E f f o r t  (Pole Hours) 9.0 8 .0  4 .1  14.7 19.8 

- Tota l  Catch (i40. of F i sh )  6 5 L I  J- 3 1 9  

Mean$: Nwiber of F i sh  Pe r  Hour 0.60 8.90 2.00 0.75 0.91 
b 

Standard Devia t j  on 0.84 1.. 66 3.06 1 .a2 2.25 

C O N T R O L  A R E A S  --- 

Tota l  Sca t ions  10 9 25 8 3 0 

Depth Range of S t a t i o n s  ( f t  .) 10-60 20-60 12  -5 5 20-55 10-55 

Total. E f f o r t  7.2 15 .O 13.5 6.0 18.0 

Tota l  Ca~ch .  4 5 52 3 3 20 2 1 

Mean* Number of  F ish  P e r  Hour 5.10 6.18 2.24 3.38 1.19 

Standard Deviat ion 8.61 7.26 3.53 . 2.26 1..96 

*A weighted mean c a l c u l a t e d  by averaging t h e  c a l c u l a t e d  number of f i s h  p e r  p o l e  hour from 
each s t a t i o n .  



which r e s u l t e d  i n  a t o t a l  ca tch  of 20 f i s h ,  14  of which were b l u e  r o c k f i s h  

(Tables 7 and 8 ) .  The mean number of f i s h  p e r  hour was 1.19, (Sd = 1.96) . 
The s tandard  dev ia t ion  has  exceeded t h e  mean dur ing  every  six-month pe r iod  

s i n c e  we began t h e  s tudy ,  except  between January and June 1976 (Table 8 ) .  

Sea Otters 

Resu l t s  

Previous annual  r e p o r t s  have inc luded  r e s u l t s  of a s tudy  by Suzanne 

Benech, P a c i f i c  Gas and E l e c t r i c  consu l t an t .  Since h e r  work r e g u l a r l y  appears  

i n  PG&E r e p o r t s ,  i t  seemed redundant t o  cont inue  inc lud ing  i t  h e r e i n .  The 

p r e s e n t  d i scuss ion  of sea o t t e r  occurrence i n  flre a r e a s  n e a r  Diablo Canyon 

i s  based on 8 1  observa t ion  days spaced i r r e g u l a r l y  throughout t h e  year .  

O t t e r s  were s igh ted  on 57 of t h e  8 1  obse rva t ion  days (Table 9 ) .  The 

most o t t e r s  eve r  counted a t  any one t i m e  occurred February 9, 1977, when 21  

were seen i n  t h e  South Cove area. However, Lion.Rock Cove was more con- 

s i s t e n t l y  i nhab i t ed  by o t t e r s .  O f  t h e  300 s i g h t i n g s  t h a t  occurred i n  

c o n t r o l  a r eas ,  268 were i n  Lion Rock Cove. S igh t ings  on consecut ive  days 

do n o t  i n d i c a t e  i n d i v i d u a l  o t t e r s ;  i t  is probable  t h a t  t h e  same animals  

are counted s e v e r a l  days i n  success ion .  

There appears  t o  be a p e r i o d i c i t y  t o  t h e  o t t e r s '  occurrence i n  t h e  

area. Of 268 s i g h t i n g s  i n  t h e  North Cove, 254 occurred from March through 

J u l y .  From March 2, 1977 t o  t h e  end of  J u l y ,  o t t e r s  were s i g h t e d  i n  con- 

t r o l  a r e a s  on a l l  b u t  f i v e  of the  obse rva t ion  days. However, dur ing  t h e  

remainder of t h e  year ,  o t t e r s  were s i g h t e d  on only  s i x  of  29 observa t ion  

days. 



TABLE 8 ,  Number and Cat.ch-Per-Hour of F i shes  Caught on Hoolc and Line  a t  Kandom 
and Permanent Sub t i d a l  S t a t i o n s ,  Diablo Canyon Power P l a n t  S i  te, J u l y  1, 
1976 Through December 1976. 

SPECIES 

DIABLO COVE NORTH CONTROL* 

Number Number 
Caught C/EI Caught C/Xi 

- - 

Embiotoca Za-beralis 

Seorpaenicthys marnioratus 5 0.25 1 0.06 

Sebas tes carratus 

Sebas t e s  chrysome Zas 

Sebastes serranoidcs 

T o t a l s  

C/H = Catch Per Hour 

* Inc ludes  North.Cove and F i e l d s  Cove 

f Hours by Poles  Fished 



TABLE 9. Sea Otter Siglzfings Per  D a y  from >larch Through December 1977 
i n  t h e  North Cont ro l  A r e a  of t h e  Diab1.0 Canyon Power P l a n t  S i t e .  

Observation Days No. of O t t e r s  O t t e r s  p e r  Day 

March 
A p r i l  

J.une ' 

J u l y  
Aug . 
Sep t . 
Oct . 
Nov . 
Dec . 

The most commonly observed behavior  was r a t t i n g .  This  may be  due, 

i n  p a r t ,  t o  t h e  f a c t  t h a t  t h e  observallions were u s u a l l y  made i n  t h e  e a r l y  

a f te rnoon.  

I n t e r t i d a l  Ac:ivities 

I n v e r t e b r a t e s  

Resu l t s  

HaZiot i s  c r ache rod i i ,  b l ack  abalone, and K~zZiot i s  rufescens,  r ed  

abalone, abundance a t  random p a r a l l e l  s t a t i o n s  remains r e l a t i v e l y  s t a b l e  

(Table 10).  During t h e  1976-7? Davidson per iod ,  t h e  mean numbers of bo th  

b lack  and r e d  abalong pe r  m2 were s l i g h t l y  below those  o f  t h e  previous  

Davidson. However, b l ack  abalone mean pe r  m2 f o r  t h e  1977 Upwelling 

per iod  p a r a l l e l  s t a t i o n s  was s l i g h t l y  g r e a t e r  than  i n  1976 and r ed  abalone 

dens i ty  w a s  unchan.ge.d. Black abalone abundance a t  pe rpend icu la r  s t a t i o n s  i n -  

c reased  over  cornparable f i g u r s s  f o r  bo th  t h e  Davidson and Upwelling p e r i o d s  

(Table 11 ) i n  1975-76. 

Data from t h e  1/4m2 quadra t s  f o r  a l g a e  and i n v e r t e b r a t e s  f o r  t h e  North 

Control  random i n t e r t i d a l  s t a t i o ~ l s  w i l l  not. b e  p re sen ted  i n  t h i s  r e p o r t  

as collation and a n a l y s i s  is under way f o r  t h e  final r e p o r t .  



TABLE 1 0 .  Mean Numbers of Abalone from Random P a r a l l e l  I n t e r t i d a l  S t a t i o n s  
(Area = 3Ox2m). Diab lo  Canyon Power P l a n t  S i t e .  1975 - 1976. 

L 

Area and 
Survey P e r i o d  

No. o f  No. o f  
S t a t i o n s  ~ e a n / r n ~  S t a t i o n s  ~ e a n  /m2 

NOKTH CONTROL 

Davidson 1 9  75 -76 

Upwelling 19 76 

Davidson 1 9  76-7 7 

Upwelling 1977 

NORTH DIABLO COVE 

Davidson 1975-76 

Upwelling 1976 
1 

Davidson 1976-77 

Upwelling 1 9  7 7 

SOUTa DIULO COVE 

Davidson 1975-76 

Upwelling 1976 

Davidson 1976-77 

Upwelling 1977 

DIABLO POINT 

Davidson 1975-76 

Upwelling 1976 



TABLE 11. Mean Number Per m2 of  lack ~balone, HaZiotis cracherodii, 
, 

From Perpe.ndicular Intertidal Transects, Diablo Canyon 
Power Plant Site, 1975 Through 1977. 

Study Area/ 
Survey Period 

Number 
of Stations 

North Control - 
Davidson 1975-76 0.36 

Upwelling 1976 0.72 

Davidsan 1976-77 1.46 

South Diablo Cove -- 
Davidson 19 75 -76 

Upwell-i-izg 1976 

Davidson 1976-77 

Upwelling 1977 

North Diablo Cove 

Davidson 1975-76 

Upwelling 1976 

Upwelling 1977 



DIABLO COVE 

S u b t i d a l  ~ c t i v i t i e s  - 
A l l  f i v e  permanent s t a t i o n s  i n  Diablo Cove (Figure 2 )  were surveyed 

twice  dur ing  t h e  r e p o r t  per iod ,  once in t h e  f a l l  of 1976 and once i n  t h e  

spr ing  of 1977. 

Twenty-f our  random 30-m2 s t a t i o n s  Were a l s o  surveyed; in add i t ion ,  

48 - 1/4-m2 quadra ts  (12 t r a n s e c t s )  w e r e  surveyed (Tables 2A and 2 B ) .  

Algae 

Resu l t s  

Twelve 1/4-m2 samples of red a l g a e  w e r e  taken from Diablo Cove random 

s u b t i d a l  s t a t i o n s  dur ing  t h e  1976 Upwelling pe r iod .  Qf these ,  e i g h t  were 

shal low (525 f t )  and fou r  were deep (25-55 f t ) .  

Botryog Zossw?? far Zowianu. and MicrocZadia couZteri , occur r ing  i n  11 

(91.72) of t h e  samples, were the most cammoc zlgac (Table 3 ) .  H g m s n m q  spp . ,  

p r e s e n t  i n  e i g h t  (66.7%) of the samples,  w a s  a l s o  corlimn. Gigarkina cxas- 

yerata and Iridaea cordata v .  splendfins, each occurred i n  f i v e  (41.7Z) 

samples. CaZZophy ZZis fZabe7,ZuZata, P/eoptiZota dgnsa, Opuntie ZZa caZi- 

fomica, Pr-ioni t i s  Zanceo Zata and Rhodyilenia caZi-fo;wica comprised the  

remainder of t h e  dominant red a lgae .  Spemnathamnion snyderiae, Ptel*ochondria 

woodyi, and Heterosiphonia asyrnmetria, no-t previou.sly found i n  our  c o l l e c t i o n s ,  

were among t h e  31  s p e c i e s  of red  a l g a e  iden . t i f i ed .  

The mean dry  weight of a l l  Diablo Cove s u b t i d a l  r ed  a l g a e  samples 

w a s  124.3 grams (Table 4 ) .  Mean d r y  weight of samples from shal low s t a t i o n s  

(141.9 g )  was g r e a t e r  than thac  of deep s t a t i o n s  (90.4 g) ;  however, deep 

s t a t i o n s  showed g r e a t e r  spec i e s  d i v e r s i t y .  

Discussion 

Samples from both  Diablo Cove and North Control  i n d i c a t e  an i n c r e a s e  over  



previous  yea r s1  a l g a l  abundance. The nean d ry  weight of r ed  a l g a e  from 

shal low s t a t i o n s  i n  Diablo Cove dnr ing  t h e  1576 Upwelling pe r iod  was 141.9 g ,  

which i.s an inc rease  over  1975 (61.1 g)  and 1974 (53.1 g ) ,  The same i s  

t r u e  f o r  North Control s t a t i o n s .  The I976 sha l low s t a t i o n  mean d ry  

weight of 220.8 g i s  coas iderably  g r e a t e r  t han  1975 (166.5 g)  and 1974 

(148.8 g ) .  

W e  observed a g r e a t e r  number of s p e c i e s  a t  Diablo Cove deep s t a t i o n s  

than  i n  previous yea r s ,  wh i l e  a t  North Control  s t a t i o n s ,  t h e  n u d e r  of a l l  

spec i e s  showed l i t t l e  ctlarige. The increase.  i n  r ed  a l g a l  d e n s i t y  and spec ia-  

t i a n  may be  a r e s u l t  of t h e  r ecen t  y e a r s 1  low ra inwa te r  runoff  w i t h  sub- 

sequent  improved water  transpal-ency and increased  l i g h t  p e n e t r a t i o n .  It i s  

a l s o  p o s s i b l e  t h a t  t h i s  is  an a r t i f a c t  of reduced fo rag ing  by r e d  s e a  u rch ins  

and r ed  abalone, once t h e  major he rb ivo res  i n  t h i s  a r e a .  

I n v e r t e b r a t e s  

Resu l t s  

LeuciZZa nutting<: aggrega t ing  urn. sponges were r epo r t ed  a t  71% of 

t h s  r a ~ d o m  30-m2 s t a t i o n s  i n  1977, a s u b s t a n t i a l  i n c r e a s e  s i n c e  t h e  1974 

surveys (Figure 5) .  

Tethya au~aantia: Tethya abundance a t  permanent s t a t i o n s  has  remai-ned 

f a i r l y  s t a b l e  (F igure  6)  w i t h  t h e  except ion  of s t a t i o n  11 where d e n s i t i e s  

of t h i s  d i s t i l ~ c t i v e  sponge have inc reased  s t e a d i l y  s i n c e  ou r  i n i t i a l  

surveys i n  1973. General ly ,  Tethya has been more abundant a t  t h e  deeper 

s t a t i o n s  ( i . e . ,  10,  11 and 1 2 ) .  This  ev iden t  s t a b i l i t y  i s  a l s o  r e f l e c t e d  

. i n  t h e  mean number per  s t a t i o n  d a t a  from random s t a t i o n s  (F igure  7) .  a t h o u g h  

t h e  d e n s i t i e s  have f l u c t u a t e d  more d r a s t i c a l l y  a t  South Diablo Cove s t a t i o n s  

than  a t  s t a t i o n s  i n  North Diablo Cove, Tethya abundance has  i nc reased  s i g n i f i -  

c a n t l y  w i th  depth a t  random s t a t i o n s ;  a l i n e a r  regressi-on p l o t  of d a t a  from 



t h e  24 s t a t i o n s  y i e lded  a c o r r e l a t i o n  c o e f f i c i e n t  of 0.51 (Table 5 ) .  

AnthopZeura xanthogrmmnica: green anemone's densiJy has  i nc reased  

s l i g h t l y  a t  a l l  of t h e  Diablo Cove permanent s t a t i o n s  s i n c e  1973 (Figure 8).  

However, t h e  random s t a t i o n  d a t a  shows a  d i f f e r e n t  p a t t e r n ;  i n  North Diablo 

Cove, t h e  mean d e n s i t y  per  s t a t i o n  has f l u c t u a t e d  widely from year  t o  year  

w i th  t h e  r e s u l t  t h a t  t h e  d e n s i t i e s  recorded i n  1977 are almost  t h e  same a s  

those  recorded i n  1973 (Figure 9 ) .  I n  South Diablc  Cove, t h e  d e n s i t i e s  have 

a l s o  f l u c t u a t e d  from year  t o  year ;  however, t h e  d e n s i t i e s  have gene ra l ly  

increased  here .  Since a l l  of t he  permanent s t a t i o n s  a r e  l oca t ed  i n  t h e  

middle and i n  t h e  south  po r t ion  of Diablo Cove, t h e  South Diablo Cove 

s t a t i o n s  a r e  more comparable t o  t h e  pernianent s t a t i o n  da ta .  There appears  t o  

be  no r e l a t i o n s h i p  between A7zthopZeura numbers pe r  s t a t i o n  and depth a s  

t h e  l i n e a r  r eg re s s ion  y i e lded  a c o e f f i c i e n t  of c o r r e l a t i o n  va lue  (r) of 

0.16 (Table 5) .  

BalanophyZZi-a eZeganzs: we d i d  no t  attempt: t o  quan t i fy  t h e  orange cup 

c o r a l  a t  permanent o r  random s t a t i o n s  u n t i l  w e  3egan surveys of Lhe l/4-m2 

quadra ts  i n  1975. However, we  d id  record  t h e i r  p resence  o r  absence a t  a l l  

s t a t i o n s .  The p l o t  of t h e  orange cup c o r a l s  frequency of occurrence i n  

Diablo shows a  f a i r l y  s t a b l e  p a t t e r n  w i t h  a  s l i g h t  i n c r e a s i n g  t r end  (Figure 

10 ) .  BaZanophylZia was more abundant a t d e e p e r  s t a t i o n s ;  t h e  r eg re s s ion  

a n a l y s i s  of t h i s  r e l a t i o n s h i p  y i e lded  an  r value  of 0.52 wliich i.s s i g n i f i c a n t  

a t  t h e  95% l e v e l  (Table 5). 

Epiactis proZifera: t h e  p r o l i f e r a t i n g  anemone's frequency of occurrence 

a t  random 30-m2 s t a t i o n s  has f l u c t u a t e d  from year  t o  year  b u t  t h e  t r end  has  

been f o r  a s l i g h t  i n c r e a s e  i n  occurrence (Figure 11 ) .  They were more commonly 

observed a t  shal low s t a t i o n s  bu t  t h e  r va lue  from t h e  r e g r e s s i o n  a n a l y s i s  

was only  -0.21. (Table 5). 



Henricia l e v i u s c u ~ a :  r ed  s e a  s t a r  observed d e n s j t i e s  have remaiined 

f a i r l y  s t a b l e  a t  both permanent and randoru s t a t i o n s  i n  Diablo Cove s i n c e  we 

began our  surveys (F igures  12 and 1 3 ) .  kihen t h e  number p e r  s t a t i o n  and 

depth  d a t a  a r e  p l o t t e d ,  t h e r e  i s  a  s F p F f i c a n t  r e l a t i o ~ l s h i p  a t  t h e  95% 

l e v e l ;  t h e  r-value i s  -0.75 (Table 5 ) .  

Ort7zasterias koelzleri: rainbow s e a  s t z r s  rre t h e  most b r i l l i a n t l y  

co lored  of t h e  l a r g e r  s e a  stars found i n  our  s tudy  a r e a s .  Orthas%e~*ias 

numbers have shown cons ide rab le  f1uctuaI:ior. a t  permanent s t a t i o n s  (Figure 

14 ) .  This f l u c t u a t i o n  may be  due t o  t h e  p c s s i b i l i t y  t h a t  t h e s e  p reda to ry  

s e a  s t a r s  a r e  h igh ly  mobile. 

Pa$i~..ia miniata: s e a  b a t  abundarrce 2 1 x 1  has v a r i e d  widely a t  permancnt 

s t a t i o n s  (Figure 16 )  and a t  random s t ~ t i o s s  (F igure  1 7 ) .  However, a 

r eg re s s ion  l i n e  f i t t e d  t o  t h e  d a t a  over  tke p a s t  four  yea r s  i s  ho r i -  

zonta l .  P a t i ~ i a  were mcre abun.3'311 t ai I.he deeper  s t a t i o n s ;  t h e  c a l c u l a t e d  

r value  f o r  t he  regress io i l  of t h i s  re l -a t ionship  is 0.46 (Table 5 ) .  

Pisas3er giganteus: t h e  g i a n t  sp iced  s e a  s t a r  d e n s i t y  h a s  remained 

r e l a t i v e l y  s t a b l e  a t  permanent s t a t i o n s ,  except  at: s t a t i o n s  11 and 12 

dur ing  1976 and 1977 (Figure 18 ) .  The d e n s i t i e s  of t h i s  l a r g e  a s t e r o i d  have 

a l s o  been s t a b l e  a t  random s t a t i o n s  ( r i g a r e  1 9 ) .  Even though they appear  

t o  be more abundant a t  deeper s t a t i o n s ,  the r va lue  from t h e  c a l c u l a t e d  r e -  

g re s s ion  was only 0.28 (Table 5 ) .  

Pycnopodia helianthoides:  sunflower sea s t a r s '  d e n s i t i e s  have shown 

wide v a r i a t i o n s  a t  permanent s t a t i o n s .  A t  random s t a t i o n s ,  t h e r e  has  been 

a  gene ra l  d e c l i n e  i n  abundance (F igures  20 and 21).  

StrongyZocentrotus f rwzciscmus:  d e n s i t i e s  of g i a n t  red s e a  u rch in  



have declined a t  a l l  Diablo Cove permanent s t a t i o n s  except s t .a t ion  12 

s i n c e  1974 when sea  o t t e r s  invaded the  Cove. S ta t ion  12 is  located  i n  

depths of 21 t o  23 m. Evidently, t h e  sea  o t t e r s  have not  foraged i n  t h a t  

depth range a t  s t a t i o n  1 2  (Figure 22). The dec l ine  i n  dens i ty  i s  a l s o  

r e f l e c t e d  very s t rongly  i n  the  random s t a t i o n  da ta  (Figure 23). Sea 

o t t e r  foraging probably has been t h e  main inf luence  on t h e  abundanceldepth 

re la t ionsh ip ,  a s  sea urchin d e n s i t i e s  have decreased i n  shallower waters 

s ince  we began our survey (Table 5) .  

Cancer antenrarius: rock crab numbers have f luc tua ted  widely a t  

permanent s t a t i o n s  and random s t a t i o n s  i n  Diablo Cove, (Figures 24 and 25) 

probably due t o  t h e i r  c r y p t i c  nature ,  mobil i ty,  and feeding behavior. 

Astnaea gibberosa: d e n s i t i e s  of red turban s n a i l s  have been f a i r l y  

s t a b l e  a t  most of t h e  permanent s t a t i o n s ,  p a r t i c u l a r l y  s i n c e  1974 (Figure 

2 6 ) .  However, they have declined i n  abundance a t  t h e  random s t a t i o n s  

(Figure 27). A regression of depth and abundance yielded a very low cor- 

r e l a t i o n  c o e f f i c i e n t  of -0.16 (Table 5 ) .  

DoriopsiZZa atbopunctata: observed abundance of white spot ted  nudi- 

branchs has remained f a i r l y  constant  a t  most permanent s t a t i o n s ,  except 

s t a t i o n  12 where t h e r e  has been a s u b s t a n t i a l  increase  (Figure 28). The 

d e n s i t i e s  a t  random s t a t i o n s  appear t o  be similar t o  those  observed during 

the  i n i t i a l  surveys i n  1974 (Figure 29). DoriopsiZZa were s i g n i f i c a n t l y  

more abundant a t  deeper s t a t i o n s ;  t h e  $ v a l u e  f o r  t h e  ca lcu la ted  regress ion 

is 0.58 (Table 5) .  To some ex ten t ,  t h i s  may be r e l a t e d  t o  obse rvab i l i ty  due 

to a l g a l  cover. 

Hatiotis rufescens: red abalone numbers have declined s u b s t a n t i a l l y  a t  

permanent s t a t i o n s  i n  Diablo Cove s i n c e  t h e  i n i t i a l  counts by Burge and Schultz 

(1973). This decl ine  i s  most evident  a t  s t a t i o n  16 (Figure 30). The hypothe- 

tical reasons fox t h e  decl ines  hgve been d e t a i l e d  i n  previous annual r e p o r t s  



(Gotshall e t  a l .  1974, 1976, 1977). Random s t a t i o n  data  suggests t h e  

decl ine  has been more severe i n  South Diablo Cove (Figure 31). 

ToniceZZa Zineata: we have no t  cons i s ten t ly  quant i f ied  the l i ned  chiton 

a t  permanent or  random 30-m2 s t a t i o n s  due t o  i ts  s i z e  and pro tec t ive  colo- 

r a t i on  which make counts over a l a rge  survey a r ea  almost impossible. W e  

have, however, noted its presence o r  absence a t  a l l  permanent and random 

30-m2 s t a t i ons .  The frequency of occurrence appears t o  have increased 

s l i g h t l y  a t  random s t a t i ons  (Figure 32) 

EudistyZia polymorpha: fea ther  duster  worms have not been quant i f ied  

a t  the  permanent s t a t i ons  o r  random 30-m2 s t a t i ons .  However, t h e i r  presence 

o r  absence has been recorded. EudistyZia appears t o  have increased i n  f re -  

quency of occurrence s ince  1974; t h i s  increase  may be due, i n  p a r t ,  

t o  increasing diver  awareness and recognit ion (Figure 33). 
B 

BoZtenia viZZosa: spiny headed tun ica tes  a l so  have not been cons i s ten t ly  

counted a t  permanent s t a t i o n s  or  randon 30-m2 s t a t i o n s  but  observations on 

t h e i r  presence o r  absence ind ica te  an increase  i n  frequency of occurrence 

(Figure 33). Some of t h i s  apparent increase  may be due t o  increased 

awareness by our d ivers  ra ther  than an ac tua l  increase  i n  t he  population. 

StyeZa montereyensis: t he  abundance of Monterey s ta lked tunicates  has 

increased subs tan t ia l ly  a t  the  random 30-m2 s t a t i o n s  s ince  1974 (Figure 

3 4 ) .  StyeZa were more abundant a t  the  deeper s ta t ions ;  the calcula ted r 

value f o r  t he  regression of density versus depth is 0.57 (Table 5 ) .  

Discussion 

The increases i n  dens i t i e s  and/or frequencies of occurrence of many 

of t h e  discussed inver tebrates ,  as mentioned e a r l i e r ,  may represent an 

increase  in diver  awareness of the  animal ra ther  than t rue  increases  i n  

population s i ze .  This i s  pa r t i cu l a r l y  t r u e  f o r  the  smaller  animals, such 



a s  BoZtenia and Epiactis and those t h a t  tend t o  be camouflaged o r  c r ~ t i c ,  

such a s  ToniceZZa. However, t h e  t r ends  discussed f o r  some of t h e  l a r -  

ger  and more common animals a r e  poss ib ly  due t o  n a t o r a l  f l u c t u a t i o n  o r  

o t h e r  causes. This  group inc ludes  t h e  g i a n t  red s e a  urchin ,  red  abalone, 

Pymopodia, Astraea, rock crabs ,  and Patiria.  Severa l  spec ies '  popula t ions  

have remained f a i r l y  s t a b l e ,  p a r t i c u l a r l y  a t  random s t a t i o n s ,  and they  

may prove t o  be very  va luable  i n d i c a t o r  spec ies  during o p e r a t i o n a l  

s tud ies .  They include:  Pisaster giganteus, Tethya aurantia, and Orthus- 

ter ias  koeh Zeri . 
I n  t h e  f i n a l  preopera t ional  r e p o r t  now i11 p repa ra t ion ,  we w i l l  

determine i f  t he  changes i n  d e n s i t i e s  w e  have observed a r e  s t a t i s t i c a l l y  

s i g n i f i c a n t .  To do t h i s  w e  p l an  t o  u t i l i z e  a s  many d i f f e r e n t  t e s t s  and 

approaches a s  poss ib le .  It appears t h a t  most o£ t h e  i n v e r t e b r a t e s  do 

no t  f i t  a normal d i s t r i b u t i o n ;  thus  our analyses  must inc lude  both  

p a r a m e t r i c - ( u t i l i z i n g  transformation) a s  w e l l  a s  non-parametric tests. 

F i sh  

Resul t s  

Embiotoca ZateraZis: of t h e  e i g h t  spec ies  of sur fperches  (Family 

Embiotocidae) t h a t  w e  have encountered, t h e  s t r i p e d  su r fpe rch  is  by 

f a r  the  most ubiquitous.  I n  1976, they w e r e  observed a t  60% of t h e  

permanent s t a t i o n s  i n  Diablo Cove znd 47% of t h e  random s t a t i o n s  (Table 

6 ,  Figure 35). The frequency of occurrence has  increased  a t  permanent 

s t a t i o n s  and decreased a t  random s t a t i o n s ,  . p a r t i c u l a r l y  s i n c e  1975. We 

be l i eve  t h a t  t h e s e  changes a r e  due t o  o a t u r a l  causes and sampling 

variat ions ' .  

Hexagz*mos d e c a g r m s :  t h r e e  spec ies  of greenl ings  (Family 



Hexagrammidae) can be considered important segments of the  Diablo Cove 

f i s h  community. Kelp greenlings a r e  an important segment of the cen t r a l  

and northern California rocky shore spor t  f i shery  (Miller and Gotshall 

1965). The population of kelp greenling i n  Diablo Cove appears to be on 

the  decline; the  frequency of occurrence a t  permanent s t a t i o n s  dropped 

from 57% during 1973-74 surveys t o  30% during 1976-77 surveys (Table 6 ) .  

A t  random s t a t i ons ,  the decline was even more pronounced (Figure 35) 

Ophiodon elongatus: lingcod a r e  one of the  most sought-after sport-  

f i s h  i n  t h i s  area  of t h e  Cal i fornia  coast .  Their frequency of occurrence 

a t  permanent s t a t i ons  has f luctuated from year t o  year with no indicat ion of 

a trend (Table 6). Conversely, a t  random s t a t i o n s  there  has been a steady 

decl ine  i n  t h e i r  frequency of occurrence (Figure 36) The catch-per-day 

of lingcod by partyboat anglers in the a r e a  from Morro Bay t o  Avila has 

a l so  been declining,  phr t i cu la r ly  s ince  1975 (Table 12). 

OqZebius pictus: painted greenlings a r e  the  smallest  members of the  

greenling family and, because of t h e i r  small mouths, a r e  r a r e ly  caught by 

sportfishermen. However, they a r e  one of the  most common f i shes  we 

encounter a t  our sub t ida l  s t a t ions .  A t  permanent s t a t i ons ,  painted green- 

l i n g s  have increased i n  thei r . f requency of occurrence (Table 6). The f re-  

quency of occurrence a t  random s t a t i ons  has been very s t a b l e  over t he  years 

(Figure 36) 

Scorpaenichthys mamnoratus: t he  cabezon population has 

changed l i t t l e  s ince  w e  began our surveys. The frequency of occurrence of 

t h i s  popular spor t f i sh  a t  both permanent and random s t a t i o n s  has shown l i t t l e  

f luctuat ion through 1976;however, i n  1977 there  was an increase  a t  both 

types of s t a t i ons  (Table 6, Figure 37). 

Sebastes chrysomeks: w e  have observed ten  species  of rockf i shes in  



TABLE 12. Lingcod Catch-Per-Angler-Day by Partyboat 
Anglers, Diablo Canyon Area (CDF&G Catch 
Block 615). 1968 - 1977. 

Year 
Lingcod/ 

Angler Day 



Diablo Cove and the  con t ro l  areas ,  but  only t h r e e  species  can be considered 

common. The'black and yellow rockf ish  has  been observed a t  1 

about 30% of the permanent s t a t i o n s  and 28% of the  random s t a t i o n s  s ince  1973 

(Table 6 ,  Figure 37) .  From our observations,  i t  appears t h a t  t h e  population 

of black and yellow rockf ish  i n  Diablo Cove i s  q u i t e  s t a b l e .  

Sebastes camatus: based on the  permanent and random s t a t i o n  obser- 

va t ions ,  t h e  population of gopher rockf ish  i n  Diablo Cove has a l s o  remained 

f a i r l y  s t a t i c  (Table 6 ,  Figure 38). 

Sebastes mystinus: the  occurrence of both juveni le  and a d u l t  b lue  

rockf ish  has shown f a i r l y  wide f l u c t u a t i o n s  a t  both permanent and random 

s t a t i o n s  (Table 6 ,  Figures 38, 39). Adult b lue  rockf ish  w e r e  more f r e -  

quently observed a t  permanent s t a t i o n s  i n  1977 than i n  1973, while the  con- 

verse i s  t r u e  f o r  juveniles.  Both a d u l t s  and juveni les  w e r e  present  a t  

about t h e  same number of random s t a t i o n s  i n  1977 a s  they w e r e  i n  1974 but  

the re  w e r e  wide v a r i a t i o n s  i n  1975 and 1976. 

A t o t a l  of 34 hook-and-line s t a t i o n s  were coapleted i n  Diablo Cove 

between Ju ly  1 and December 31 (Table 7 ). The mean catch-per-hour f o r  19.8 

hours of f i sh ing  was 0.91 (standard devia t ion = 2.25).  Of t h e  19 f i s h e s  caught, 

f i v e  were b lue  rockf ish  and f i v e  w e r e  cabezon, Scorpaenichthys marnoratus 

(Table 8) .  The standard deviat ion has exceeded the  mean during every s ix -  

month period s ince  w e  began t h e  study. 

Discussion. 

Accurate quan t i f i ca t ion  of  f i s h e s  by d ive r  surveys i s  admittedly very 

d i f f i c u l t  due t o  t h e i r  mobil i ty,  c r y p t i c  behavior, and camouflage a b i l i t y .  

W e  had hoped tha t  the  catch-per-unit-of-effort s tudy would s t rengthen our 

d a t a  base, a t  l e a s t  f o r  t h e  s p o r t  caught species;  however, a s  indica ted  



i n  t h e  r e s u l t s  f o r  both control  and Diablo Cove s t a t i o n s ,  t h e  

v a r i a b i l i t y  i s  much too l a r g e  t o  provide f o r  accura te  comparisons. Although 

t h e  d ive rs  make estimates of the  abundance of each spec ies  observed i n  and 

around each permanent and random s t a t i o n ,  w e  have not  subjected  

these  counts t o  even preliminary ana lys i s .  We f e e l  t h a t  the  most meaningful 

f i s h  d a t a  col lec ted  by diver  observations a r e  t h e  frequency of occurrence 

observations,  p a r t i c u l a r l y  of the  adul t  surfperches,  rockf ishes ,  greenl ings ,  and 

t h e  cabezon. Thus, we bel ieve  the  decl ines  noted a t  random s t a t i o n s  f o r  

lingcod and kelp  greenlings a r e  represen ta t ive  of populat ion t rends  i n  the  

e n t i r e  Diablo Canyon area.  This b e l i e f  5s  supported i n  p a r t  by the  dec l ine  

i n  the  catches of t h e  partyboat anglers  i n  t h i s  area.  W e  have no explanation 

why t h i s  decl ine  of lingcod is  not  r e f l e c t e d  by t h e  con t ro l  s t a t i o n s .  

The f i s h  d a t a  from the  random 114-m2 s t a t i o n s  has  no t  been co l l a ted  f o r  t h i s  

r epor t ,  bu t  t h e  number and frequency of occurrence d a t a  of t h e  smal ler ,  

more c r y p t i c  f i s h e s  may be more appl icable  t o  s t a t i s t i c a l  ana lys i s  than t h e  

d a t a  from the  permanent 60-m2 and random 30-m2 s t a t i o n s .  During t h e  next  

year,  we w i l l  analyze a l l  of the  s u b t i d a l  f i s h  d a t a  t o  determine t h e i r  

q u a l i t y  and t o  determine i f  there  a r e  any s t a t i s t i c a l l y  s i g n i f i c a n t  t rends.  

Sea O t t e r s  

Results  

Sea o t t e r s  were s ighted i n  Diablo Cove during only four of t h e  81 obser- 

va t ion days i n  1977. Fresh evidence of sea o t t e r  predation,  such as charac te r i s -  

t i c a l l y  broken abalone s h e l l s  and s e a  urchin tests, was observed during many 

dives i n  t h i s  area.  

Bull  Kelp Census in Diablo Cove 

Methods 

The annual census of b u l l  kelp,  IVereocys6s Zuetkeana, in Diablo Cove 



was conducted i n  October. A s  i n  previous censuses, only the  p l an t s  i n  

the  surface  'canopy, a r e l a t i v e l y  small percentage of t he  t o t a l  number of 

p lan t s ,  could be counted. The census w a s  performed from shore by two 

observers working independently wi th  spo t t ing  scopes from two widely 

separated locations.  

Results  

The two counts w e r e  very close: 11,323 and 11,655. The lower, 

more conservative count i s  used here  t o  represent  the  number of p l an t s  i n  

t he  surface  canopy (Figure 40). This count marks a s i gn i f i c an t  decl ine  i n  

what had been a s t e a d i l y  increasing population s ince  the annual census 

w a s  i n i t i a t e d  i n  1970 (Table 13) .  

An i n t e r e s t i ng  aspect  of t h i s  year ' s  census is  the  comparison with the 

1974 census. These a r e  the only two years  where both shore counts and 

sub t ida l  survey data  are ava i lab le  f o r  population es t imates .  This year ' s  

shore count of 11,263 p lan t s  i s  14% of the  78,920 t o t a l  population e s t i -  

mate derived from 1976 sub t i da l  surveys. For 1974, the  18,663 shore count 

is 13% of the  t o t a l  population est imate of 148,200 from sub t i da l  surveys. 

The closeness of these two percentages of surface-plants-to-total-plants 

l eads  us  t o  believe t h a t  the 10% f igu re  we used to-der ive  a surface  

canopy est imate i n  1975 of 33,000 p lan t s  was f a i r l y  c lose  t o  r e a l i t y ;  

i n  f a c t ,  i t  may have been s l i g h t l y  conservative. I n  any case,  1975 was 

the  banner year f o r  Nereocystis i n  Diablo Cove thus f a r  i n  our s tud ies .  

W e  be l ieve  tha t  these  changes during the l a s t  few years have been due t o  

na tu r a l  va r ia t ion .  





TABLE 13. Numbers of Bu l l  Kelp, Nereocys t i s  lue tkeana ,  i n  Diablo 
Cove From Shore Censuses and S u b t i d a l  Surveys. Diablo 
Canyon Power P l a n t  S i t e ,  1970 t o  1976.* 

Year 

Numbers of  flereocyst-is Est imated T o t a l  Popula t ion  
i n  Surface  Canopy of  Nereocys tis 

(Shore Census) (from S u b t i d a l  Surveys) 

No Census 
(Est imate 33,000) 

No Surveys 

No Surveys 

No Surveys 

148,200 

* Nei ther  census n o r  surveys were performed i n  1972. 



NORTH DIABLO COVE 

Subtidal  Ac t iv i t i e s  

Algae 

Results 

2;aminaria dentigera was the  most abundant sub t ida l  brown a lga  i n  

North Diablo Cove random s t a t i ons  (Figure 3). The 1977 mean of 172.3 

p lan t s  per 30-m2 s t a t i o n  represents a s i gn i f i c an t  increase  over the  1976 

f igure  of 109.9. Both Pterygophora caZifomica (62.67 p l an t s  per 30-m2) 

and Nereocystis Zuetkeana (8.50 p l an t s  per 30-m2) a r e  reduced from the  1976 

means of 96.3 and 34.5 plants ,  respect ively  (Figure 4) .  Regression 

analyses of L. hn t igera ,  N. Zuetkeana and P. caZifomica data  

demonstrated some s l i g h t  re la t ionship  between depth and p lan t  den- 

s i t y  (Table 5 ). 

I n t e r t i d a l  Ac t iv i t i e s  

Algae 

Results 

Biomass da ta  from two years of sampling i n  the  North Diablo Cove 

I n t e r t i d a l  (XDCI) have been summarized fo r  t h i s  repor t .  The sampling periods 

considered begin with the  Upwelling period of 1975 and proceed,through the  

Davidson period of 1976-77. Generally, the  algae i n  t he  other th ree  study 

areas  have followed the  same trends a s  i n  the  NDCI.  

There a r e  four species of red a lgae t h a t  have occurred with high fre- 

quencies and r e l a t i v e l y  high abundance i n  our samples.. These species  a r e  

cha rac t e r i s t i c  of the mid- t o  low-intert idal  zones (+0.9 t o  -0.3 m, MLLW) 

and w e  have come t o  r e f e r  t o  them as ' the  big  four ' .  They are:  Gastro- 

chniwn couzteyl, Cigartina canaZicuZata, Iridaea complex (composed of I. 

co&ta v. sptendens and I. f laccida),  and P r i m i t i s  Zmceolata. With 



the exception of Iriduea complex, these species have been generally 

stable in their seasonal abundances an$, to a lesser extent, in their 

frequencies of occurrence and percentages of the total biomass they 

represent (Table 14). The Iridaea complex shows a definite seasonality of 

abundance with the Upwelling (summer) season being the obvious peak. 

These four species form the bulk of the total algal biomass in the 

sampled area (Table 15). Except for the Upwelling season of 1976, they 

composed over 80% of total measured weight. Other dominant species, 

(frequencies of occurrence of 25% or greater) represented from 8.4% to 

29.8% of the biomass during the various sampling periods. At no time did 

the "non-dominants" (<25% occurrence) compose more than 7.3% of the 

biomass. Therefore, the 'big four' plus the ten to 18 species of other 

dominant algae make up from 92.7 to 98.1% of the total biomass during 

the various periods. 

The seasonality of algal productivity is shown when biomass means, con- 

fidence intervals, and ranges are graphed (Figure 41). This shows several 

aspects of seasonality: 1) there is generally more algae in summer than 

in the winter; 2) the range in algal weights is much greater in summer 

than in winter; 3) corresponding to No. 2, confidence intervals about the 

mean are much more precise (narrower) in the winter: and 4) seasonality 

of abundance is not a static phenomenon. . 

Invertebrates 

Results 

Rather than present cursory, overall results of the past twelve months' 

sampling as has been the practice in previous reports, population trends 

of the six dominant invertebrate species in one study area are presented. The 

study area is NDCI and the six species codsidered are also generally dominant 



TABLE 14. Seasonal  Composition of t h e  Four Major Components o f  ' S o f t '  Algae. North Diab lo  Cove I n t e r t i d a l .  Diab lo  
Canyon Power P l a n t  S i t e ,  June 1975 Through February 1977. 

Upwelling 1975 (I?(1]-36) Davidson 1975 (N=34) Upwelling 1975 (N=36) Davidson 197  6 (N=36) 

i /1 /4rn2(~)  XB (3) I£(') ~ / 1 / 4 m 2  ZB Z£ ii/1/4m2 %B %f z/1/4rn2 XB %f 

GCgartina canaZicu2ata 10.6 12.5  67 9.3 22.4 85 10.2 9.4 69 11.4 1 9 . 1  8 3  

Iidaea complex 44.4 52.3 75 11.9 28.6 97 47.9 44.1, 92 11.7  19 .6  89  

I 
Priorcitis ZanceoZata 4.4 5 .2  69 3.7 8.9 75 6 .1  5.6 89 7.7 13 .0  86 g 

I 

(1) N = Sample S i z e  

(2) I n  Dry Weight Grams 

(3) Percentage of Total Average Biomass 

(4) Frequency o f  Occurrence 
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FIGURE 41. Seasonal means (represented by. th ick  hor izon ta l  b a r ) ,  95% 
confidence i n t e r v a l s  of the  means ( th ick  v e r t i c a l  bar)  and 
ranges (dashes) of t o t a l  biomass of ' s o f t '  a lgae  from North 
Diablo Cove I n t e r t i d a l .  Diablo Canyon Power P lan t  S i t e .  



in the other study areas. Data presented cover the sampling seasons 

beginning with the Davidson period of 1974-75 and extend through the 

Upwelling period of 1977. 

Our first two sampling seasons, Davidson 1973-74 and Upwelling 1974, 

were incomplete; not all of the stations within each study area were 

sampled. Beginning with the second Davidson period (1974-75), the sampling 

routine became standardized and sample sizes within a study area since 

that time have become equal (with a few minor exceptions). 

Of the six species, two are small (< - 2.5 inches) predatory sea stars, 
two are herbivorous molluscs, one is a sea anemone, and the last is a 

mostly herbivorous (possibly somewhat omnivorous) crab. 

The sea stars Henricia ZeviuscuZa and Leptasterias spp. appear to 

have increased somewhat since the study began (Figure 42). Both their 

abundances and frequencies of occurrence have generally followed positive 

slopes. During the 1974-75 Davidson period, both species showed average 

densities (abundance) substantially less than 0.50 animals per 114-m2 

and their frequencies of occurrence were less than 20%. Six sampling periods 

later, in Upwelling 1977, the abundance of Henricia had increased to nearly 

2.0 animals per 1/4-m2 and Leptasterias had increased to 1.50 per 114-m2; 

their frequencies were 83% and 75%, respectively. 

The two molluscs, TeguZa brunnea, the-brown turban snail, and 

FissureZZa volcano, the volcano limpet, have shown inconsistent seasonal 

trends in both their abundance and frequency figures (Figure 43). However, 

there appears to be some relationship between abundance and frequency 

for each species as they generally increase or decrease simulteneously. 

The kelp crab, lzugettia products, for the most part found as a juvenile 

in the intertidal, has remained fairly stable in numbers through the seasons 



FIGURE 42. Seasonal abundance and frequencies of occurrence of two 
dominant sea stars from the North Diablo Cove Intertidal. 
Diablo Canyon Power Plant Site. 
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FIGURE 43. Seasonal abmdances and frequencies of occurrence of two 
dominant molluscs from NorZh Diablo Cove Intertidal.  Diablo 
Canyon Power Plant S i t e .  



( f igure  44). It a l s o  appears t h a t  i ts  frequency i s  r e l a t e d  t o  i ts  abundance. 

Ep iac t i s  proZifem, the  sea  anemone, was a l s o  va r iab le  i n  numbers from 

season t o  season, but genera l ly  demonstrated an increas ing trend i n  abundance 

(Figure 44). 

North Diablo Cove black abalone abundance a t  p a r a l l e l  60-m2 s t a t i o n s  

during t h e  1976-77 Davidson w a s  s l i g h t l y  higher than t h e  previous year 

(Table 10). Red abalone decreased s l i g h t l y  from numbers found during the 

1975-76 Davidson. During the  1977 Upwelling period, both b lack =d red 

abalone numbers a t  p a r a l l e l  s t a t i o n s  w e r e  below 1976. Black abalone 

abundance a t  perpendicular s t a t i o n s  increased during t h e  1976-77 Davidson 

period compared t o  the s imi la r  season i n  1975-76 (Table 11). 

SOUTH DIABLO COVE 

Subt idal  A c t i v i t i e s  

Algae 

Resul ts  

In South Diablo Cove, Pterygophora caZifornica was t h e  most n-umerically 

abundant s u b t i d a l  brown a l g a  on random s t a t i o n s  (Figure 3). The mean of 

197.9 p l a n t s  recorded i n  1977 i s  lower than t h e  241.2 recorded i n  1976. Nereo- 

c y s t i s  Zuetkemra was a l s o  less common i n  1977 (4.5 p l a n t s  per  30-m2). Lami- 

mzria den t igem gained s u b s t a n t i a l l y  i n  1977 wi th  144.4 p l a n t s  per  s t a t i o n ,  a 

nea r ly  three-fold increase  over t h e  50.8 ca lcula ted  f o r  1976. 

A t  permanent s t a t i o n s  during 1977, Laminaria (147.6 p l a n t s  per  s t a t i o n )  

increased i n  abundance when compared t o  1976 (102.0 per  s t a t i o n ) .  Ptery- 

gophora (164.0 p l a n t s  per  s t a t i o n )  maintained l e v e l s  s i m i l a r  t o  1976 (160.5 

per s t a t i o n ) .  Nereocystis was not  observed a t  Diablo Cove permanent s t a t i o n s  

i n  1977. During the  previous year, 7.5 p l a n t s  were tabula ted  pe r  s t a t i o n .  



FIGURE 4 4 .  Seasonal abundances and frequencies of occurrence of a dominant 
crab (Pugettia prodti.c&a) and a sea anemone (Epiactis pro Zifera) 
from North Diablo Cove Intertidal. Diablo Canyon Power Plant S i te .  



I n t e r t i d a l  A c t i v i t i e s  

F i s h  

Resu l t s  

On December 20, 1976, we dra ined  a t i depoo l  i n  South Diablo Cove 

roughly measuring 5 m x 3 m and averaging about 0.4 m i n  depth.  The pool  

contained many smal l  boulders  and exposed rocks.  We were n o t  a b l e  t o  

c o l l e c t  a l l  of t h e  f i s h  i n  t h e  pool  due t o  t h e  many i n a c c e s s i b l e  a r e a s  and 

t h e  f a c t  t h a t  we were n o t  a b l e  t o  d r a i n  t h e  pool  completely.  A t o t a l  of 82 

f i s h  were c o l l e c t e d  r ep re sen t ing  n i n e  spec i e s  (Table 1 6 ) .  The most abun- 

dant  f i s h  was t h e  s t r i p e d  k e l p f i s h ,  Gibbons& metzi. 

We examined 30 of t h e  s t r i p e d  k e l p f i s h  stomachs i n  t h e  l a b o r a t o r y  t o  

determine what food items were p re sen t .  Un iden t i f i ab l e  c rus taceans ,  

p r imar i ly  brachyurans,  w e r e  t h e  most f r equen t ly  observed food i tem 

(Table 1 7 ) .  I d e n t i f i a b l e  genera inc luded  iiemigrapsus, Pachygrapsus, and 

Pugettia. Brachyurans were a l s o  dominant i n  e leven  s t r i p e d  k e l p f i s h  

, stomachs c o l l e c t e d  in t h e  Nortn Cont ro l  I n t e r t i d a l  dur ing  1974 and 1975 

(Gotsha l l  e t  a l .  1976).  

Sea u rch in  sp ines ,  StrongyZocentrotus sp . ,  found i n  t h e  stomachs 

may have been i n c i d e n t a l .  

I n v e r t e b r a t e s  

Resu l t s  

During t h e  1976-77 Davidson pe r iod ,  b l ack  abalone abundance a t  

p a r a l l e l  s t a t i o n s  i n  South Diablo Cove was s l i g h t l y  h ighe r  than recorded 

the previous  year  (Table 10). Red abalone abundance a t  t h o s e  s t a t i o n s  

was unchanged from t h e  1975-76 Davidson. Black abalone abundance a t  pa ra l -  

l e l  s t a t i o n s  .during t h e  1977 Upwelling per iod  w a s  s l i g h t l y  g r e a t e r  t h a n  i n  



TABLE 16. Fishes Collected a t  Intert idal  Station,  South Diablo Cove, 
Diablo Canyon Power Plant S i t e ,  December 20, 1976. 

SPECIES Number 
Total 

Length (mm) 

Anop Zareus purpure scens 8 44-98 

Artedius lateralis 1 --- 

Gibbonsia metzi 

Gobiesox rnaeandricus 

Total 



TABLE 17. Stomach Contents of S t r i p e d  Kelpf i sh ,  ~ i b b o n s i a  metzi ,  Col l ec t ed  i n  
Diab1.0 Cove I n t e r t i d a l ,  Diablo Canyon Power P l a n t  S i t e ,  December 1976. 

FOOD ITEN 

Percent  
Number Freq. of  Vo 1 ume 

o f  Items Occurrence (ml) 
- -- 

BarZeeia sp .  

Bryozoa 

Caridea 

CrepiduZa s p  . 
Crustacea (mostly brachyurans) 

Gammarid amphipods 3 3 . 
Gastropods 6 

Grapsid c rabs  5 10.0 0.06 

iiemigrqsus sp. 

Ido tea 

Isopoda 

Megalops 

Pachygrapsus sp  . 
Paguridae 

Pe le  cypoda 

Polychaeta  

Pugettia graciZis 

Strongy Zocentrotus sp  . ( sp ines)  

T o t a l  Stomachs 
Number Empty 

T * Trace. 



-101- 

1976 whi le  red  abalone decreased s l i g h t l y .  Mean counts  p e r  m2 of b l ack  

abalone a t  t h e  perpendicular  s t a t i o n s  w e r e  s l i g h t l y  lower dur ing  t h e  

1976-77 Davidson and 1977 Upwelling pe r iods  than  dur ing  t h e  same 

per iods  t h e  previous year .  

DIABLO POINT 

I n t e r t i d a l  A c t i v i t i e s  

I n v e r t e b r a t e s  

Resu l t s  

Three Diablo Po in t  p a r a l l e l  s t a t i o n s  were sampled dur ing  t h e  1976-77 

Davidson per iod .  Both b l a c k  and r ed  abalones showed an. i n c r e a s e  i n  abundance 

when compared t o  t h e  1975-76 Davidson (Table 10 ) .  



SUMMARY 

1. A t o t a l  of 818 man-days was spent  a t  t h e  s i te  conducting l a b  and 

f i e l d  s tud ies .  

2 .  Two hundred seventy-two permanent and random i n t e r t i d a l  and s u b t i d a l  

s t a t i o n s  were surveyed during t h i s  r epor t  period, an increase  of 83 

s t a t i o n s  over the  previous year. 

3. Quant i ta t ive  samples of benthic  red a lgae  were taken a t  23 random 

s u b t i d a l  s t a t i o n s  i n  t h e  Xorth Control area .  Twenty-six species  were 

i d e n t i f i e d  and of these ,  BotryogZossm farzowianm was t h e  most abundant 

alga.  

4. O f  the  s t i p i t a t e  brown a lgae  quan t i f i ed  a t  $he North Control random 

s u b t i d a l  s t a t i o n s ,  the  t r e e  kelp,  Pterygophora caZifomica was numericaily 

most abundant, followed by L h n a K a  dentigem. Bull  kelp,  Nereocystis 

Zuetkema, showed a marked decrease i n  numbers from the  previous year. 

5 .  At the permanent sub t ida l  con t ro l  s t a t i o n s  t o  t h e  nor th  of Diablo 

Cove, Pterygophora cazi fomica was again t h e  most abundant brown a l g a  

followed by Laminaria dentigem. 

6. Trends i n  abundance and frequency of occurrence of 1 9  species  of t h e  

more common inver tebra tes  a t  t h e  permanent and random North Control sub- 

t i d a l  s t a t i o n s  a r e  discussed. Regression analyses of numbers a t  depth 

has been performed f o r  se lec ted  species .  

7. Of  t h e  40 species  of f i s h  observed in the  study a reas ,  e i g h t  

species have occurred with a frequency of 25% of g r e a t e r  i n  the  North 



Control s t a t i o n s .  These a r e  t h e  s t r i p e d  surfperch,  kelp and painted 

greenlings,  lingcod, cabezon,and th ree  rockf ish  species;  b lue ,  gopher, 

and black and yellow. The frequency of occurrence of l ingcod and kelp 

greenling have decreased a t  random s t a t i o n s  s i n c e  the  i n i t i a l  1974 surveys. 

8. Because of high v a r i a b i l i t y  of da ta ,  we cancelled our s p o r t f i s h  catch- 

per-unit-of-effort s tudy i n  December 1976. 

9. Sea o t t e r s  w e r e  s igh ted  regu la r ly  i n  t h e  c o n t r o l  a reas .  South Cove 

was t h e  loca t ion  of t h e  g r e a t e s t  number of o t t e r s  on any one day, bu t  

Lion Rock Cove was more cons i s t en t ly  inhabi ted  by them. 

10. Numbers of black and red abalones a t  random i n t e r t i d a l  s t a t i o n s  remained 

r e l a t i v e l y  s t a b l e  from the  previous year. 

11. I n  Diablo Cove, t h e  f i v e  permanent s t a t i o n s  w e r e  surveyed twice during 

t h e  period and 24 random s t a t i o n s  were completed during t h e  summer. 

!!helve "micro" s t a t i o n s  w e r e  a l s o  surveyed. 

12. The dominant red a lga ,  of t h e  31 species  i d e n t i f i e d  from Diablo Cove 

random s u b t i d a l  1/4-m2 samples, was Botryoglossm farlowianwn. The mean 

dry weight (biomass) of Diablo Cove a lgae  samples was about 20% less than 

t h e  average biomass f o r  t h e  North Control area .  

13. I n  general ,  red a l g a l  abundance and d i v e r s i t y  appear t o  have been 

increas ing s ince  1974 i n  both s u b t i d a l  s tudy areas. 

14. Population abundance and frequency of occurrence t r ends  a r e  discussed f o r  

19 species  of inver tebra tes  quant i f ied  a t  our permanent and random sub- 

t i d a l  s t a t i o n s  in Diablo Cove. These are t h e  same 19 spec ies  discussed i n  



the North Control s e c t i o n  of this repor t .  

15. The frequencies of occurrences of t h e  e i g h t  most common f i s h  a t  

our  permanent and random s u b t i d a l  Diablo Cove s t a t i o n s  a r e  d iscussed .  

These a r e  t h e  same spec ies  discussed in t h e  North Control sec t ion .  Declines 

of l ingcod and ke lp  greenl ing  frequency of occurrence a t  random s t a t i o n s  

followed t h e  p a t t e r n  noted a t  North Control s t a t i o n s .  

16. Sea o t t e r s  were r a r e l y  observed in Diablo Cove during t h e  per iod .  

They were seen on only 5% of t h e  s i g h t i n g  occasions.  However, cha rac te r i s -  

t i c a l l y  broken abalone s h e l l s  and ' u rch in  t e s t s  observed on many d ives  i n  

Diablo Cove served a s  evidence of a t r a n s i t o r y  presence of t h e  s e a  o t t e r .  

17. The d i s t r i b u t i o n  of s u b t i d a l  ke lp  from our random s t a t i o n s  wi th in  

Diablo Cove is discussed in terms of north-south. components of t h e  cove. 

Laminaria dentigem is  t h e  most abundant of t h e  t h r e e  major ke lp  spec ies  

i n  North DZablo Cove whereas Pterygophora caZi-folwica i s  most abundant i n  

the southern por t ion  of Diablo Cove. 

18. The annual shore census f o r  flereocystis Zuetkeana was performed i n  

October 1976. The counts  of two independent observers  w e r e  very c l o s e  and 

this yea r ' s  su r face  canopy populat ion is set a t  11,323 p l a n t s .  This  year  

marks t h e  f i r s t  dec l ine  i n  what had been a s t e a d i l y  inc reas ing  populat ion 

since 1970. 

19, Biomass of i n t e r t i d a l  a lgae ,  determined by random sampling of 1/4-m2 

p l o t s ,  is represented  by a summary of two year s  of d a t a  f r o m  t h e  North 

Diablo cove I n t e r t i d a l  s tudy area.  Dominance and s e a s o n a l i t y  of a l g a l  

spec ies  a r e  discussed.  



20.  Long-term t rends  of abundance and d i s t r i b u t i o n  of s i x  species  of 

dominant . in ter t ida1 inver tebra tes  a t  t h e  North Diablo Cove I n t e r t i d a l  

s tudy a rea  a r e  presented and discussed. 

21. An i n t e r t i d a l  f i s h  c o l l e c t i o n  was made i n  December 1976 in South 

Diablo Cove. A t o t a l  of 82 f i s h ,  represent ing nine  species ,  was co l l ec ted .  

Stomachs of the  most abundant f i s h  co l l ec ted ,  Gibbonsia metzi,  were 

examined t o  .determine d i e t .  

22. Numbers of black abalone, HaZiotis cracherodi i ,  seem t o  have increased 

slightly a t  most of t h e  random i n t e r t i d a l  s tudy areas  i n  Diablo Cove. 
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Summary of Diablo Canyon 

Power Plant Site Field Studies 

M a y 3 - 7  

Gotshall, Laurent, Wendell, Kelly, Krenn 
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Gotshall, Laurent, Wendell, Kelly, Krenn 

June 5 - 7, 29 - 30 
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April 4 - 7 
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April 21 

Gotshall, Laurent,,Wendell 

May 12, 16 
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May 31 

Gotshall, Wendell, Kelly 

June 4 

Gotshall, Laurent, Kelly 

June 13 

Gotshall, Wendell, Kelly 

June 16, 27, 30 

Wendell, Kelly Krenn 



MAN-DAYS SPENT AT DIABLO CANYON POWER PLANT SITE 

J u l y  1, 1976 -- June 30, 1977 

Ju ly  1, 1976 -- Apri l  1 -- 
March 31, 1977 June 30, 1976 Tota ls  

To ta l  Man-Days 81 7 2 45 1062 

Tota l  Man-Days a t  S i t e*  61 2 

Tota l  S ta t ions  Surveyed 173 

Travel Time Man-Days 15 

Boat Time (Hours) 61 

Laboratory Time &-Days+ 190 34 224 

*Total time spent  a t  Diablo Canyon by a l l  p ro jec t  personnel,  inc ludes  

both f i e l d  time and laboratory t i m e .  

+Time spent  a t  Monterey o f f i c e  by p ro jec t  leader  and seasonal  a id .  
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