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ABSTRACT 

A p r e o p e r a t i o n a l  e c o l o g i c a l  s t u d y  of a ~ ~ r o p o s e d  n u c l e a r  
power p la i i t  s i t e  on t h e  M s d o c i n o  Ccunty coasc  was i n i t i a t e d  
i n  S e p t e a b e r  1971. The s t u d y  r e s u l t e d  fron,  a n  agreement be- 

tween t h e  P a c i f i c  Gas and  Electric: Colliparly 2nd thc C a l i f o r -  
n i a  I)cpartment o f  F i s h  and Garre s i g n e d  i n  J u l ' ~  1971.  I n  the 
agr-eret~t ,  P a z i f i c  Gas and  E l e c t r i c  Company p rov ided  funds  
f o r  t h e  Bcpar t rnent ' s  s t u d i e s  of t h e  s i t e .  

Studi .2~ of t h e  su1:tidal a n i n ~ a l  anc <jiant- conrni;nizie; ~ 2 r c  
conducted by d ivers  f r o v  September  1971 t h r o u g ! ~  !+arch 1973; 
T n t e r t i r l a l  animal ~ n d  p la l i t  popuiatlo;;,: xcre sur:veyec! froiii 
Iiovenher 1971 th rough  r 'ebruary 1973. S g o r t f  i~he i - i c s  f o r  ,ib- 
a l o ~ l e  and f i n f i s h  were surveyed d u r i n g  I S 7 2  and  S ? r i n g  of 1975. 
Stontach c o n t e n t s  o f  many of t h e  ncre abundanr:. s u b t i d a l  3 r d  

i n t  e r t  i d s  1 f i s h e s  were cxanined. 

A i l  of t h e s e  s t u d i e ~  were desi3r;ed t o  cletcrrrrine thc. don-- 
i n z n t  spec ie s  of p l a n t s ,  i n v e r t e b r z t e s  apd fishes Ln the var- 
ious corlmunitics,  t h e i r  r e l e t i v e  abtndance,  a n i  ~ ~ : l r : r e  a p p l i -  
cable ,  s i z z  compos i t ion ,  p r e d a t o r s  znrl c a r i y e r i t o r s .  

The p z r a m e t e r s  developed  fro^ t ' rese s t u d i e s  woulrt 't.2 used 
f c z  c o z ~ p a r i s o n  w i t h  sinllsr  s t u d i e s  conducted a f t e r  t h e  i:~-o- 
posed plant went i n t o  o p e r d t l o n  t o  de te rmine  hrhat eLfzct  cou-- 
s t r ~ ~ c t i o n  and oper i i t ion  of t h e  p l a n t  mFgkt have on  t h e  vd-r-. 
i o u s  p l a n t s  and a n i m l s  s t u d i e d ,  
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Based on an eve r  i n c r e a s i n g  demand f o r  e l e c t r i c a l  energy by consumers . 
4 

and a  c a l l  f o r  "clean" energy sou rces  by envi ronmenta l i s t s ,  i t  seems 

i n e v i t a b l e  t h a t  f i s s ion -d r iven  nuc lea r  y l a n t s  w i l l  p r o l i f e r a t e .  Vast 

amounts of water  are requ i r ed  t o  cool  a  t y p i c a l  nucl-ear power p l a n t ,  

thus  many a r e ,  o r  a r e  Fianned t o  be, l o c a t e d  near  ocean waters .  T h i s  

cool ing  water  i s  r a i s e d  an average of 16 C (4C 9) above ambient temperature.  

The p o t e n t i a l  impact on ou r  c o a s t a l w a t e r s  and t h e i r  contained l i f e  

could be s u b s t a n t i a l ,  Due ta t h i s  p o t e n t i a l  impact,  f e d e r a l  and s t a t e  

r e g u l a t i o n s  now r e q u i r e  environmental s t u d i e s  be  performed a t  every 

proposed power p l a n t  s i t e .  

This r e p o r t  covers  one such s tudy  which began i n  J u l y  1971  when an  

agreement between t h e  P a c i f i c  G a s  and E l e c t r i c  Company and t h e  C a l i f o r n i a  

Departmenr: cf F ish  and Game %a:; signed.  I n  t h i s  c o n t r a c t u a l  agreement, 

P a c i f i c  G a s  and E l e c t r i c  Company fu rn i shed  t h e  nscessary  funds t o  t h e  

Department of F i sh  and G a m e  t o  conduct preo9ejrat ional  e c o l o g i c a l  s t u d i e s  

a t  t h e  company's proposed Neadocino atoir.ic power p l a n t  s i t e  a e a r  P o i n t  

Arena, C a l i f o r n i a .  , _ * .  . - .  , d .  c .a? - i 

The c o a s t l i n e  of t h e  Fc in t  -1rena area i s  nn o f ten  r igorous  eaviron-  
. r \  < I r - -  

Inent s i t u a t e d  on she San Acclruas fau1.t a t  the erlctern edge of rhe Pacifie- s 
4 

c r u s t a l  p i a t e .  The f a u l t  f i r&  i ts  contineniral terminus about  8 km ( 5  mi) 

n o r t h  of t i le Poir l t  Areoa a r e a  J n  t h e  reg ion  of Alder  Creek. It is  t h e  

r e l a t i v e  northwestvard movemen? of t h i s  p l a t e ' s  e a s t e r n  edge t ha t  has  

c r e a t e d  t h e  pronlontory of P o i n t  Arena which i s  o f t e n  sub jec t ed  t o  weather  

condi t ions  usua l ly  more ha r sh  and fo rb idd ing  than t h e  ne ighbor ing  c o a s t a l  

a r e a s  t o  t h e  n o r t h  and south .  



The P o i n t  Arena c o a s t a l  a r e a  is cha rac t e r i zed  by high 12-61 m 

(40-200 f t ) ,  s t e e p  b l u f f s  composed of s t r a t i f i e d  sedimentary rocks of 

t h e  Monterey formation.  These Miocene c l i f f s  a r e  footed  by h o r i z o n t a l l y -  

eroded, a n t i c l i n e d  s t r a t a  which form i n t e r t i d a l  bench a r e a s .  These bench 

a r e a s  g e n e r a l l y  fo l low c o a s t a l  contours  and range i n  widths from a few 

f e e t  t o  more than  61 m (200 f t ) .  The he igh t s  of t h e  benches vary  from the  

zero  t i d e  mark t o  appro-x i~mte ly  2.4 m (8 f t ) .  above MLLW. Surge channels 

and "potholes" occur  r e g u l a r l y  i n  t h e s e  a r e a s .  Sub t i d a l l y ,  benches con- 

t i n u e  t o  depths of a t  l e a s t  30 m (100 f t )  and form r e e f s  and p innac le s  

w i t h  v e r t i c a l  p r o f i l e s  from a  few inches  t o  about  9 m (30 f t ) .  

Department b i o l o g i s t s  spent  606 man-days a t  t he  s i t e  ccnduc t i i~g  

i n t e r t i d a l  and s u b t i d a l  e c o l o g i c a l  surveys,  and censusing t h e  spo r t -  

f i s h e r y  i n  t h e  a r ea .  

The o b j e c t i v e s  of t h e  e c o l o g i c a l  s t u d i e s  were t o  develop quan t i t a -  

t i v e  and q u a l i t a t i v e  b i o l o g i c a l  d e s c r i p t i o n s  of t h e  b i o t i c  communities 

near  t h e  proposed p l a n t  s i t e ,  wi th  p a r t i c u l a r  emphasis on i a p o r t a n t  s p o r t  

and commercial spec i e s .  Q u a n t i t a t i v e  d a t a  would be used t o  develop 

simple i n d i c e s  o r  paramenters f o r  a base  l i n e  t h a t  could be compared t c  

r e s u l t s  of pos tope ra t iona l  surveys t o  ineasure t h e  e f f e c t  on t h e  va r ious  

communities due t o  cons t ruc t ion  and subsequent d i scha rge .  

Our q u a n t i t a t i v e  s t u d i e s  i nc lude  s t r a t i f i e d .  random. sampling of 

subt idal .  and i n t e r t i d a l  i n v e r t e b r a t e s  and brown and red  a l g a e .  B 

survey of t h e  s p o r t  aba lone  and f i n f i s h  f i s h e r i e s  w a s  corlducred t o  

determine catch-per-uni t -of-effor t  and spac i e s  s i z e  and composition. 

Q u a l i t a t i v e  s t u d i e s  were conducted on t h e  food h a b i t s  of r e p r e s e n t a t i v e  

f i s h e s .  Spec ies  composition and i n t e r s p e c i f i c  r e l a t i o n s h i p s  of t h e  

i n t e r t i d a l  and s u b t i d a l  f i s h e s  were a l s o  considered.  w 



SUBTIDAL SURVEYS 

Prepared by Daniel  W .  Gotsha l l ,  Laurence Laurent ,  Therese Hoban. 

Nethods 

S u b t i t a l  surveys  were conducted i n  two a r e a s :  t h e  c e n t r a l  o r  out- 

f a l l  a r e a ,  which extended from Arena Cove p i e r  n o r t h  t o  o f f  t h e  Jdoran 

s t a t i o n ,  and the  North Control  Area, which inc luded  t h e  a r e a  between 

Sea Lion Kocks ~ n d  the  P o i n t  Arena Lighthcuse (F igures  1 and 2 ) .  Both 

a r e a s  were d iv ided  i n t o  s m a l l  b locks ,  61 m (200 ft) on a s i d e .  Each 

block c o n s t i t u t e d  a p o s s i b l e  s t a t i o n  l o c a t i o n .  I n  Jangary 1972, t h e  two 

a r e a s  were f u r t h e r  s t r a t i f i e d  i n t o  shallow, a id-  and deep-depth zones. 

The nimber o f  s t a t i o n s  s e l e c t e d  f o r  each zone was based on t h e  t o t a l  a r e a  

of t h e  zone. The blocks were given pem?n,ent ~ u n b e r s ,  and s t a t i o n s  f o r  

each survey were s e l e c t e d  from t a b l e s  cf raildom numbers. S t a t i o n s  were 

l o c a t e d  wi th  t h e  p r o j e c t  boa t ,  u t i l i z i n g  fathometer  and t r i a n g u l a t i o n  

wi th  a hand bear lng  compass. 

Duriilg the pre-survey cocducted i n  SeptemSer 1971, we used a 30 m X 

2 m (100 X 7 f t )  t r a n s e c t ,  w i t h  each diver r eco rd ing  t h e  organisms w i t h i n  

1. m (3 .3  fc )  of h i s  s i d e  of t ke  t r a n s e c t .  The t r a n s e c t  was run p a r a l l e l  

t o  shore  wizh t h e  s t a r t i n g  p o i a t  a t , t % e  b o a t ' s  anchor.  The survey a r e a  

2 2 
w a s  inodified t o  a 20 m (327 f r  ) a r c  a f t e r  t h e  SeFtember 1971  pre-sukvey 

because of t h e  g r e a t  changes i n  depth  encountered a long  some of the 30 m 

(100 f t )  t r a n s e c t s .  These c i~anges  i n  depth a long  t h c  30 rn (100 f t )  l i n e  

r e s u l t e d  i n  a wide v a r i e t y  of h a b i t a t  t y ~ e s  and animal communities. The 

2 2 
30 rn (327 f t  ) a r c  gene ra l ly  provided a more uniform survey a r e a .  
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FIGL:PZ 2. S u b t i d a l  Sampl i r -g  Giid and Station Su?lbers - Central Area - 
1-lendocino Power P lan t  S i t e  . 



A l l  recognizable  brown a lgae ,  i n v e r t e b r a t e s  and f i s h e s  were recorded 

on p l a s t i c  s l a t e s  dur ing  t h e  pre-survey, and from t h e  r e s u l t i n g  s p e c i e s  

list we s e l e c t e d  5 spec i e s  of brown a l g a e  and 35 s p e c i e s  of i n v e r t e b r a t e s  

t h a t  were e a s i l y  i d e n t i f i e d ,  non-crypt ic ,  and l a r g e  enough t o  b e  e a s i l y  

observed by d i v e r s .  Our counts  d i d  no t  i nc lude  c r y p t i c  j u v e n i l e s  o r  

a d u l t s ,  as we d i d  n o t  t u r n  over  rocks ,or probe i n t o  h o l e s  and c r e v i c e s .  

Thus, our  count i s  minimal, p a r t i c u l a r l y  i n  t h e  c a s e  of r ed  abalone,  

HaZiotis rufescens,  which as j u v e n i l e s  tend  t o  h i d e  under rocks  and i n  

c r e v i c e s  u n t i l  they  reach  9.2 o r  12:2 cm (3.7-4.9 inches)  i n  l eng th .  

2 
These p l a n t s  and animals  were q u a n t i f i e d  a t  a l l  30 m a r c s  beginning i n  

January 1972. The d i v e r s  a l s o  recorded depth, s u b s t r a t e  d e s c r i p t i o n ,  

underwater v i s i b i l i t y  and, i n  most ca ses ,  t h e  s u r f a c e  and bottom temperature.  

Red a l g a e  s p e c i e s  composition and abundance was ob ta ined  a t  some 

*- 
2 s t a t i o n s  by removing a l l  r e d  a l g a e  w i t h i n  a randomly placed )t m2 (2.7 f t  ) 

meta l  frame; t h e  methods of p roces s ing  t h e  r ed  a l g a e  samples a r e  d i s -  

cussed i n  t h e  s e c t i o n  on i n t e r t i d a l  surveys .  

A l l  f i s h  observed w i t h i n  t h e  survey a r e a  were recorded and e s t ima te s  

were made of t h e i r  numbers. 

Pre-survey (September 1971) 

The pre-survey gave us  t h e  oppor tuni ty  t o  l e a r n  about  t h e  a r e a ;  

test our  sampling methods; and, most impor tan t ly ,  l e a r n  t h e  f l o r a  and 

fauna t h a t  we would be quan t i fy ing  dur ing  f u t u r e  surveys .  Many s p e c i e s  

were observed b u t  n o t  recorded by t h e  d ive r s ,  o r  i f  recorded,  n o t  q u a n t i f i e d .  

We occupied 12 random s t a t i o n s  and one reconnaissance s t a t i o n  during 



t h e  pre-survey. A l l  s t a t i o n s  were i n  t h e  Cen t r a l  Area; depths ranged from 4 

4.6 m-22.0 m (15.2-17.6 f t )  and underwater v i s i b i l i t y  ranged from 3.0 m- 4 

9.2 m (9.9-30.4 f t ) .  

Algae 

Laminaria se tcheZZi i  was t h e  most f r e q u e n t l y  observed brown a l g a  

and a l s o  t h e  most numerous of t h e  s i x  s p e c i e s  observed (Table 1 ) .  B u l l  

ke lp ,  Nereocyst is  Zuetkeam, was observed a t  about  one-third of t h e  sta- 

t i o n s ,  and Desmarestia munda was p re sen t  a t  15% of t h e  s t a t i o n s .  

Po r i f  e r a  

Sponges were recorded a t  on ly  two of t h e  s t a t i o n s ;  however, d i v e r s  

d i d  not  c o n s i s t e n t l y  record  t h i s  group of animals  dur ing  t h e  pre-survey. 

Coelen tera ta  

We recorded only fou r  s p e c i e s  dur ing  t h i s  survey period:  t h e  s n a l l  

r ed  anemone, Corynact is  c a l i f o r n i a ,  and hydrocoral ,  AZZopora po~.phyra ,  

were t h e  most abundant forms though each was recorded only once. 

Mollusca 

Of t h e  11 spec ie s  recorded,  only 5 were q u a n t i f i e d  (Table 2 ) .  Top 

s h e l l s ,  CaZZiostoma spp. and turban  snails, TeguZa brunnea, were t h e  most 

f r equen t ly  observed on t h e  non-quant if ied mol luscs .  Red abalone,  i?aZio+is 

rufescens,  averaging 12.67 per  s t a t i o n ,  were t h e  most abundant of the, 4 

molluscs counted by t h e  d ive r s ,  and were p r e s e n t  a t  53.8% of t h e  s t a t i o n s ,  

bu t  were no t  p re sen t  a t  s t a t i o n s  deeper t han  13.6 m (45 f t ) .  P ino  abalone,  

HaZiot i s  kamtschatkana, were observed a t  61.5% of t h e  s t a t i o n s  and f l a t  

abalone a t  over 20% of t h e  s t a t i o n s .  The l a r g e  ch i ton ,  Cryptochi ton 

s-teZZeri, was second i n  abundance averaging 2.46 per  s t a t i o n .  

Echinodermata 

We q u a n t i f i e d  12 of t h e  15 ( p l u s  s e v e r a l  u n i d e n t i f i e d )  s p e c i e s  ob- 

served .  The g i a n t  red s e a  urchin ,  StrongyZocentrotus  f r anc i scanus ,  was 



'u 
TABLE 1. Sum a d  P e r c e n t  Frequency of Occurrence a t  S u b t i d a l  S t a t i o n s  

of S i x  S p e c i e s  of Srown Algae - C e n t r a l  Area - Mendocino Power 
P l a n t  S i t e  - September 1 9 7 1  ( P r e - s u r - ~ e ~ j .  

- 

Sum P e r c e n t  f r e q .  Mean 

Cys tose ira  osnunclacea (1) * 8 . 3  - 

* Xurnber o f  s t a t i o ~ s  where o r g a ~ i s m  observed  b u t  pet counted;  

s t a t i o n s  n o t  i n c l u d e d  i.n c a l c u l . a t i n g  m a n .  



TABLE 2. Sum and P e r c e n t  Frequency of Occurrence a t  S u b t i d a l  S t a t i o n s  
of 1 7  S p e c i e s  o f  I h v e r t e b r a t e s  - C e n t r a l  Area - Mendocino Power I )  

P l a n t  S i t e  - September 1 9 7 1  ( P ~ ~ - ~ ~ ~ ~ ~ ~ ) .  
7 *rrr 

Sum P e r c e n t  f r e q .  Mean 

MOLLUSCA 

C~yptochiton steZZeri 

Ha Ziotis kamtschatkav7,a 

HaZiotis rufescens 

BaZiotis waZZaZensis 

Hinnites rnuZtirugcsus 

ECHINODEWTA 

Cucwzarict miniata 

Dermasterias imbricata 

Henricia ZeviuscuZa 

Orthastsrias koeh Zeri 

Pisaster brevispinus 

Pi.szs t e r  giganteus 

Pisas t e r  ochraceous 

Pymbopodia heZianthoides 

SoZaster dawsoni 

SoZaster s t impsmi 

SoZaster spp  . 
Stronpg Zocentrotus franciscanus 

Strongy Zocentrotus purplwatus 19 6 15.4 15.08. 

TOTAL STAT IONS 13 

* Ntimber o f  s t a t i o n s  where  o rgan i sm w a s  observed  b u t  n o t  coun ted ;  s t a t i o n s  

n o t  i n c l u d e d  i n  c a l c u l a t i n g  mean. 



t h e  most numerous, w i th  s mean per  s t a t i o n  of 145.08, as w e l l  a s  t h e  

most f r equen t ly  observed echinoderm, appearing a t  92.3% of t h e  s t a t i o n s .  

I n  f a c t ,  t h e s e  u rch ins  were t h e  most numercus of a l l  macro inver tebra tes  

q u a n t i f i e d .  The pu rp le  s e a  urchin ,  S. p q ~ ~ ~ a - t u s ,  and s t a r f i s h ,  Henr i e i a  

ZeviuscuZa, were second and t h i r d  i n  echinoderm abundance r e s p e c t i v e l y .  

Resu l t s  

Red Algae - - 

Less  emphasis was placed on sampling s u b t i d a l  r e d  a l g a e  and al though 

t h e  r e s u l t a n t  d a t a  a r e  no t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  we f e e l  t h a t  t h e  

17 s t a t i o n s  sampled r e v e a l  t h e  dominant forms (Tabies 3 and 4) and d e p i c t  

t h e  gene ra l i zed  p a t t e r n s  of s p e c i e s  s t r a t i f i c a t i o n  by depth (Table  5) . 
A t o t a l  of 22 genera (one u n i d e n t i f i e d ) ,  r s p r e s e n t i n g  29 s p e c i e s ,  was 

found i n  t h e  samples. 

By f r equenc ie s  of occurrence and abundance, t h e r e  are s i x  genera 

of s o f t  r e d  a l g a e  which must be  considered dominant i n  t h e  s u b t i d a l :  

BotryogZossu?n, Ca ZZophy Z Z i s ,  Cons t an t inea ,  Gpun-t?:sZZa, Po Zyi-~ewlc, and 

SchCzyrnenia. Together t h e s e  genera compose 7 7 . i %  of t h e  s a ~ p l e d  biomass 

i n  t h e  Cen t r a l  and Control  s u b t i d a l  a r e a s .  

The sha l lowes t  zone, 2.4 - 7.6 m (7.9 - 25.1 f t ) ,  y i e lded  the 

2 2 
h i g h e s t  average biomass, 29.73 g/% m (1.5 o z / f t  ), w ~ t h ' a  t o t a l  of 17 

a l g a l  spec i e s .  The midzones, 7.9 - 15.2 m (26.1 - 50.1 f t ) ,  showed a 

2 lower average biomass, 11.25 g/$m2 (0.58 oz / f  t ) , b u t  had 2 1  s p e c i e s .  

Only one s t a t i o n  w a s  occupied i n  t h e  deepes t  zone, 1 5 + 6  - 22.9 m (51.5 - 
2 2 

75.5 f t ) , a n d  showed a bioinass of 2.80 g /k  m (0.14 o z / f t  ) quadra t  com- 

posed of four  s p e c i e s .  



TABLE 3 .  Abundance of S u b t i d a l  Red Algae i n  5i;n?Quadrats - Centr.al 
Area - Mendocino Power P l a n t  Site - Upwelling Per iod  1972. 

S p e c i e s  Dry weight Percent  Me an 
(g/kn2> f requency  ( g / b 2 >  

BotryogZosswn ruprechAima 

CaZZophy ZZis crenuZata 

CaZZophy ZZis fZabeZZuZata 

Constantinea simp Zex 

Hyme~lena flabe 2 Zigera 

Fdn?e??ena s p  . 
OdanthaZia washingtoniensis 

Opwztie lZa caZifornica 

PZocamiurn paci ficwn 

PoZyneura Zatissima 

Pterosiphonia dendroidea T r a c e  1 4 . 3  Trace 

PtiZota sp .  . 6 . 3  1 4 . 3  0 .90  

Rhodymenia pacif ica 

Schizymenic pacif ica 

~ n i d e n t i f  i e d  3 . 0  4 2 . 9  0 . 4 3  

TOTALS 

TOTAL STATIONS 



TABLE 4.  Abundance of S t i b t i d a l  Red Algae i n  krn2 Quadra t s  - North C o n t r o l  
Area - Mendocino Power P l a n t  S i t e  - Upwelling P e r i o d  1972. 

S p e c i e s  Ury w e i g h t  P e r c e n t  f requency Mean 
(g/+mL) (g/~;n") 

BotnjogZosswn ruprechtiana 

BotryogZosswn s p .  

CaZZophy ZZis crenulata 
, . 

CaZ Zophy Z Zis firma 

CaZZophy ZZis f Zaba ZZulata 

Ca ZZophy ZZis s p  . 
Cm~stant inea si;r?p Zex 

,Fry ee Z Za gardneri 

Ha Zy menia coccinea 

Heu'ophy ZZm s p .  

f:erposiphonicr. rigicia 

Hymenena f Zabe Z Zigera 

Hymenena rnuZti Zoba 

Iridaea s p .  

Nienburgia andersoni 

Pikea cal i fornica 

PoZyneura Zatissima 

Pugetia fragi l i ss ima 

Rhodymenia pacifi.ca 

Schi.zymenia paci f ica  

TOT-& S 

TOTAL STATIONS 
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Large Brown Algae Y 

Five  spec i e s  of large.bro5rrn a l g a e  observed i n  t h e  s u b t i d a l  t r a n s e c t s  *4 

from January through Septeinber, 1972 were q u a n t i f i e d .  These a l g a e  pro- 

v i d e  t h e  b a s i s  of suppor t  f o r  t h e  two major he rb ivo res  of t he  s u b t i d a l ,  

Strongy Zocentrotus fra?zciscanzis and Ha  Ziotis rufescens.  The d a t a  f o r  

t h e  a l g a e  is  presented i n  terms of t o t a l  abundance during t h e  sampling 

program (Table 6 ) ,  abun5ance by oceanographic per iod   able 71, and . 
abundance by depth  (Table 8) . 

Numerically t h e  most abundant a l g a e  w a s  Desmarestia m m d a  which 

2 
occurred wi th  a mean of 63.32 p l an t s /30  m2 (327 f t  ) s t a t i o n .  Th i s  spe- 

c i e s  w a s  abundant i n  t h e  2.4 - 7.6 m (7 .9  - 25.1 f t )  and 7.9 - 15.2 m 

(26.1 - 50.1 f t )  depths ,  b u t  disappeared below t h e  15.2 m (5C.1 ft) mark. 

D. munch a l s o  expressed a marked s e a s o n a l i t y  dur ing  t h e  oceanographic 

per iods .  It was no t  observed i n  t h e  Davidson Pe r iod  (~overnber-?larch) , 

re.ached peak numbers i n  t h e  Upwelling Pe r iod  (April-August),  and appeared 

t o  begin a d e c l i n e  dur ing  t h e  Oceanic Pe r iod  ( ~ e ~ t e m b e r - ~ c t o b e r ) .  ~arrrinaria 

s e t c h e Z l i i  was t h e  next  most common a l g a e  w i t h  29.46 p l a n t s  pe r  30 m 
2 

2 
(327 f t  ) s t a t i o n .  It w a s  a l s o  t h c  most c o n s i s t e n t  spec i e s ,  showing no 

s i g n i f i c a n t  v a r i a t i o n  of i t s  means from oceanographic per iod  t o  another .  

L. se tcheZZi i  was a l s o  t h e  only  brown a l g a e  observed i n  a l l  t h r e e  depth zones. 

A form c l o s e l y  r e l a t e d  t o  L. setcheZZii ,  Pterygophora caZi forn ica ,  w a s  t h i r d  

2 2 
i n  o v e r a l l  abundance w i t h  6 .82 p l a n t s  pe r  30 n (327 f t  ) s t a t i o n ,  bu t  showed 

unexpected seasona l  v a r i a t i o n ,  poss ib ly  a s s o c i a t e d  w i t h  v a g a r i e s  of s p a t i a l  

v a r i a t i o n  and low sample s i z e  i n  t h e  Davidson and Oceanic Pe r iods .  The next  

most common form was b u l l  ke lp ,  iVereocystis Zuetkeana, whose. r.~ell-documented 

annual l i f e  cyc l e  w a s  r e f l e c t e d  i n  our  da t a .  However, N. Zuetkeans, un l ike  
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TABLE 8- Comparison of I&an Numbers P e r  30 m2 S u b t i d a l  S t a t i o n  and P e r c e n t  Frequency o f  Occurrence by 

Depth (m) of  F i v e  S p e c i e s  of Brown Algae - C e n t r a l  and ~ J o r t h  Coi l t ro l  Areas  Combined - Hendocino 
Power P l a n t  S i t e  - J a n u s r y  - - tlzrough September 1972. 

Depth Range: 2.4 - 7.6 7.9 - 15.2 15.6 - 22.9 
sum P e r c e n t  .lqean Sum P e r c e n t  s,, P e r c e n t  Mean 

f r e q  . f r e q .  f r e q .  

Cystoseira osmmdacza 36 25.0 2.25 1 7  17.4 0.74 0 0.0 0.00 

Ceslna?-es t i c  munda 640 ( I ) *  81.2 42.67 2463 (1)" 36.4 111.95 0 0.0 0.00 

Laminaria setche Z Z i i  658 ( I ) *  100.0 43.87 810 73.9 35.22 5 16.7 0.42 

lJereoc?ystis ZueSkeana 19 6 3l .2  12.25 8 1 30.4 3.52 0 0.0 0.00 

86 0 0.00 
I 

Ptsrygophera caZifornica 262 08.8 1 5 - 3 8  34.8 3.74 0.0 N 
LJl 
I 

TOTAL STATIONS 16 2 3 1 2  

Number o f  s t a t i o c s  where organism was observed b u t  n o t  counted;  s t a t i o n s  c o t  i n c l u d e d  i n  
c a l c u l a t i c g  mean. 



t h e  o the r  fou r  q u a n t i f i e d  s p e c i e s  i n  t h i s  s tudy  does n o t  occur  ub iqu i tous ly ,  

bu t  i n  d i s c r e t e  "beds", and t h e  o v e r a l l  meall of 5.43 p l a n t s  per  s t a t i o n  does 

no t  r e f l e c t  t h e  a c t u a l  d e n s i t i e s  of t h e  k e l p  where i t  occurs .  The l a s t  

s p e c i e s  considered,  Cystosaira csm~dacen,  is common a t  shal low depths  

and a l s o  undergoes v a r i a t i o n  of abundance w i t h  oceanographic season.  

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

I n  a d d i t i o n  t o  t h e  17  s p e c i e s  q u a n t i f i e d  dur ing  t h e  pre-survey, we 

added 18  more s p e c i e s  of macro-invertebrates  t h a t  were r e a d i l y  recognizable  

and non-cryptic.  These 35 s p e c i e s  of i n v e r t e b r a t e s  r ep re sen ted  s i x  phyla 

and included a l l  t h e  va r ious  types  of f eed ing  behavior  f i l t e r  f e e d e r s ,  

herb ivores ,  ca rn ivo res ,  and omnivores. The d i v e r s  a l s o  recorded t h e  

presence and s u b j e c t i v e  e s t i m a t e s  of abundance of o the r  i n v e r t e b r a t e s .  

During 1972, we occupied 5 1  random s t a t i o n s ;  8 dur ing  t h e  Davidson 

Current Per iod ,  41 dur ing  t h e  Upwelling Pe r iod ,  and dur ing  t h e  ocean ic  

Period.  Eight  reconnaissance s t a t i o n s  w e r e  a l s o  occupied dur ing  t h e  

Oceanic Per iod .  The e a r l y  onse t  of s o u t h e r l y  s torms and gene ra l ly  s eve re  

s e a  cond i t i ons  which p r e v a i l e d  dur ing  t h e  1972-73 win te r  prevented us from 

conducting any surveys dur ing  t h e  Davidson Per iod .  Underwater v i s i b i l i t y  
T 

during t h e  1971-72 Davidson Per iod  ranged from 1 .5  t o  6 . 1  m (5-20 f t )  

and bottom temperatures ,  7.8 C - 10.0 C (46- 50 F) . (Appendix 11) . 
During t h e  Upwelling Per iod  v i s i b i l i t y  gene ra l ly  i nc reased ,  r ang ing  from 

1 .5  t o  7.6 rn (5-25 f t ) .  BoCtom temperarures  ranged from 7.8 C - -  11.1 C 

(46 -52 F).  

The Oceanic Period of 1972 was sho r t - l i ved  due t o  e a r l y  onse t  of 

s o u t h e r l y  storms. V i s i b i l i t i e s  were u s u a l l y  poor ,  ranging  from 0.9 - 



6.1 m (3-20 i t ) .  Bottom temperatures  were gene ra l ly  warmer ranging  from 

11.1 - 14.4 C (52-58 I?). 

Por i f  e r a  -- 

Only two of t h e  s e v e r a l  sponges observed and recorded have been 

i d e n t i f i e d :  t h e  orange f i n e r  sponge, HaZicZona sp .  and t h e  orange puff-  

b a l l  sponge, Tethya a u r a n t i a .  Whet t h e  two s tudy  a r e a s  a r e  com?ared, 

t h e  frequency of occurrence of both spec i e s  i s  almost  i d e n t i c a l .  The 

abucdance of Tethga i n  both a r e a s  w a s  about  equal  w i th  a mesrt of 0.11 per  

s t a t i o n  i n  t h e  Cen t r a l  Area and 0.13 per  s t a t i o n  i n  t h e  North Control  

Area (Table 9 ) .  HuZic7,onu was ebout  2.5 t imes more ntimerous 51; t h c  Cen- 

t r a l  Area than  i n  t h e  North Cnntrol  Area, and was t h e  most abundant of 

t h e  two spec i e s .  The d i f f e r e n c e s  i n  mean2 and percent  frequency cf occur- 

rence  f o r  bo th  s p e c i e s  probably a r e  n o t  s i g n i f i c a n t  when t h e  oceanographic 

pe r iods  a r e  compared, because of t h e  smll number of s t a t i o n s  occupied 

dur ing  t h e  Davidson and Oceanic Per iods  (Table 10) .  

Some i n t e r e s t i n g  t r e n d s  a r e  apparellt. when t h e  numbers 2nd frequencCes 

of p l a n t s  and animals  a r e  compared by dep",. The d a t a  have been a r b i t r a s -  

i l y  s epa ra t ed  i n t o  t h r e e  depth zones: shal low = 2.4 - 7.6 m (8-25 f t ) ,  

mid-range = 7.9  - 15.2 (26-50 f t ) ,  deep = 15.6 - 22. 9 m (51-75 f t ) .  

I n  t h e  C e n t r a l  and North Control  Areas r e spec t ive ly ,  t h e r e  were 7 and 9 

shal low s t a t i o n s ,  i 2  and 11 mid-range s t a t i o n s  and 8 and. 4 deep s t a t i o n s  

(Appendices 111-VI). Both s p e c i e s  of sponges inc reased  i n  abundance and 

frequency of occurrence  w i t h  i n c r e a s e  i n  depth (TahJle 11) .  

Coelen tera ta  

Three s p e c i e s  of s ea  anemones were q t lan t i f ied  (TeaZia spp . - inc ludes  

both s p e c i e s ) .  TeaZCa Zofotensis was t h e  most f r equen t ly  okserved 
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TABLE 10, Comparison of Mean Number Per  Sub t ida l  S r a t i o n s  and Percent  Frequency of Occurrence bv Oceano- 
graphic Period of Eight  Species  of I 'nvertebrates  - Mendocino Power P l a n t  S i t e  - January through 
Septenber 1972. 

Davidson Upwelling Oceanic 
Percent  Percent  Percent  

Sum f  req. Mean Sum f r e q .  . Mean Sum f r e q .  Mean 

PORIFERA 

HaZic Zona sp . 1 12.5 0.12 17 9.8 0.41 0 0.0 0.00 

Tethya aurantia 2 (I)* 37.5 0.28 4 7.3 0.10 0 0.0 0.00 

COELENTERATA 

AnthopZeura artzmesia 15 12.5 1.88 34 (I)* 19.5 0.85 0 (I)* 50.0 0.00 

Tea Liz crassicornis 0 0.0 0.00 13 26.8 0.32 0 0.0 0.00 

' TeuZic Zofotensis 0 0.0 0.00 23 29.3 0.56 0 0.0 0.00 

TeaZia spp. 13 75.0 1.62 4 4.9 0.10 0 0.0 0.00 

ARTHROPODA 

Loxor~hynchus crispatus 2 12.5 0.25 20 29.3 0.49 0 0.0 0.00 

CHORDATA 

S t y  Zea montereyensis 0 0.0 0.00 33 (I)* 36.6 0.82 0 0.0 0.00 

TOTAL STATIONS 8 4 1. 2 

* Number of s t a t i o n s  where organism was observed bu t  not  counted; s t a t i o n s  not included i n  
c a l c u l a t i n g  mean. 



anemone i n  t h e  North Cont ro l  Area, w h i l e  Ar,tho~Zeuzv artemesia w a s  t h e  . 
most f r equen t ly  observed and most numerous anenone i u  t h e  Cen t r a l  Area. 

4 
A l l  t h r e e  anemones i t c r e a s e d  i n  abundance w i t h  i n c r e a s i n g  depth (Table 11). 

110 l l u s c a  ' 

The red .abalone was t h e  most abundant of t h e  13 s p e c i e s  q u a n t i f i e d  

i n  both t h e  Cen t r a l  and North Control  Areas,  bu t  ranked only f o u r t h  i n  

t h e  o v e r a l l  abundance (Tabiz  12) .  Next i n  abundance were t h e  gumboot 

ch i ton ,  Cryptochiton szeZZsri; t h e  three-wing murex, Ceratostom foZiatwn; 

t h e  s p i n d l e  s h e l l ,  Fusinus k r f o r d i ;  and a nudibranch, CadZina luteornargina$a. 

The mean counts  per  s t a t i o n  f o r  some of t h e  aninlals were very  similar 

f o r  bo th  a r e a s .  The l a r g e s t  d i f f e r e n c e s  were r e f l e c t e d  by t h e  nudibranchs, 

.Anisodoris rwbilis, Dendrodoris fuZua and Az~s t~~odor i s  adhneri; t h e  guin- 

boot  ch i ton ,  Cryptochitor~ sfeZZeri; t h e  keynole l impet ,  Diohra aspera; 

F-&sinus h f o r d i ,  and rock s c a l l o p s ,  H.ixwites muZtirwgosus. Most of 

t h e  d i f f e r e n c e s  recordetl dur ing   he t h r e e  d i f f e r e n t  oceanographic pe r iods  '*IJ 

probably a r e  due t o  d i f f e r e n c e s  i n  sampie s i z e  (Table 13). 

The comparison of mean numbers pe r  s t a t i o n  by t h e  t h r e e  d i f f e r e n t  

depth groups has produced some i n t e r e s t i n g  t r e n d s .  Numbers cf A.ustrodoris, 

CadZina, Dmdrodoris, Ceratostcma, Piodcra, EaZiotis kmtschatkana, and 

3i'innite.s' i nc reased  wi th  depth (Table 14) .  

Abalone were measured whenever p o s s i b l e ;  f l a t  abalone ranged from 

55 - 115 mm (2.2-4.6 inclies) irr l eng th ;  p i n t o  abalone ranged from 30 - 
115 m a  (1.2-4.6 inches)  and red  abalone ranged from 50 - 225 rnm (2.0-9.0 

inches)  (F igure  3 ) .  

Arthropoda . 

Lomrhynehus crispa h4s, t h e  masking crab ,  was t h e  only  q u a n t i f i a b l e  

animal  w i t h i n  t h i s  phylum. The o t h e r  c r a b s  and shrim? were e i t h e r  too  

c r y p t i c  o r  too small t o  q u a c t i f y .  The l a c k  o f .  l a r g e  Zanc~r c rabs ,  par- 



TABLE 11. Comparison of Mean Numbers P e r  S u b t i d a l  S t a t i o n  and P e r c e n t  Frequency of Occurrence by 
Depth of i4ight Spec ies  of I n v e r t e b r a t e s  - Mendocino Power P l a n t  S i t e  - January  through 
September 1972. 

Depth Range: 2.4-7.6 m 7'.9-15.2 m 15.5-22.9 m 
Sum P e r c e n t  f r e q .  Mean Sum P e r c e n t  f r e q .  Mean Sum P e r c e n t  £ r e q .  Pfean 

PORIFERA 

Ha liclona sp.  

COELENTERATA 

A~t- t~op 2.eura nrtemesia 4 12.5  0.25 1 7  (2)* 21.7 0.81 28 25.0 2.33 

Tealia crnssicornis 2 12.5 0.12 7 26.1 0.30 4 16.7 0 .33 , 
U 

6 6 
C-L 

%saZia Zofotensis 31.2 0.38 13.0 d.26 11 33 .3  0.92 I 

.YeaZia spp.  4 12.5 0.25 10 1 7 . 4  0.43 3 16.7 0 , 2 5  

Loxorhynchus cr ispat  us 2 12.5 0.1.2 1 6  34.8-  0.70 4 25.0 0 . 3 3  

CHOPDATA 

Stge  Za montzreyonsis 2 2 43.8 1.38 9 ( I ) *  30.4 0 .41 2 8.3 0 , 1 ?  

TOTAL STATIONS 16 23 1 2  

* ~ u i r h e r  of s t a t i o n s  where organism was observed  b u t  i lot  counted;  s t a t i o n s  n o t  i n c l u d e d  i n  
c a l c u l a t i n g  mean. 
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t i c u l a r l y  C. an t enna r ius  and C. p r o d u 2 % ~ s ,  i n  t h e  s u b t i d a l  was completely 

unexpected. Masking c rabs  v e r e  about twice  a s  cumerous i n  t h e  North 

Control  Area a s  i n  t h e  Centre1 Area (Table 9 ) .  Ove ra l l ,  they were nore 

numerous in t h e  mid-range depths of 7.9 - 15.2 m (26.1-50.1 f t )  t han  a t  

shal low o r  deep s t a t i o n s  (Table 11) .  

The g i a n t  red s a  urch in  not only  wes t h e  most numerous of t h e  14 

echinoderms q u a n t i f i e d ,  they  were a l s o  t h e  most numerous of a l l  animals 

q n a n t i f i e d  (Table 15). Tney were p re sen t  a t  n e a r l y  every s t a t i o n  and 

t h e  mean c ~ ~ u n t s  p e r  stat+-on were s u r p r i s i n g l y  c l o s e  f o r  t h e  Cen t r a l  and 

Korth Control  Areas. I n  f a c t ,  crfiere was good agreement between t h e  two 

study a r e a s  f o r  ~ o s t  of ehe  echinoderms; excep t iocs  were t h e  mea-Q-per- 

s Lati011 f o r  Eupentacta qu<rquesemcta, Pisaster SrevispCnus and pu rp le  

s e a  u rch ins ,  S. p i ~ p u r a t u s .  The smal l  r ed  s ~ e  star, YsnrLcia Zeviu.scuZa, 

was t h e  most f r equen t ly  observed e c h i n o d z n  and ranked t h i r d  i n  abundance. 

Di f fe rences  i n  abcrdancc and frequency of occcrrEncs ercourltered i n  t h e  

comparison between oceanographic p e r i c d s  dga in  a r e  probably due t o  d i f -  

fe rences  i n  sample s i z e  (Table 16) .  

Giant  r ed  s e a  u r c l ~ i n s  we.se wel.1 d i s t r F 3 u t e d  throughout. t h e  depth 

ranges,  bu t  were most dense a t  in!-d-depths (Table 1 7 ) .  Pu rp le  s e a  urchins  

were n o s t  d m s e  a c  sha l low s t z r i o n s  and none were observed deeper  than  

12.2 m (40 f t ) .  (Appendix 111-VI). Yen-mo-La increased  i n  abundance wi th  

i n c r e a s e  i n  depth; t h i s  w a s  a l s o  t r u e  f o r  Demcs te r i a s ,  Or thas t e r i a s ,  

P i s a s t e r  brevispinus,  ;nd S o l a s t e r  s tir,ysoi.~<. Echinoderms t h a t  decreased 

ir, abxndance wi th  depth i-ncluded Cztcuw~r<~r., Z u p e r , t ~ ~ c t a ~  axid Pyerwpodia. 

Chordata --- 

(SzcbphzjZwnTuntcatai T h e s o l - i t ~ r y  t u a l c a t e ,  SkyeZan;o;ztereyensis,  

was t h e  on ly  member of t h i s  group q u z i ~ ~ i f i e d .  Tha dens i ty  and f r e -  
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TABLE 17.  Comparison of Mean Numbers. P e r  s u b t i d a l  S t a t i o n  and P e r c e n t  Frequency o f  Occurrence by 
Depth of 1 4  Spec ies  of Echinoderms - Mendocino Power P l a n t  S i t e  - January  th rough  
September 1972. 

Depth h n g e :  2.4-7.6 m 7.9-15.2 m 15.6-22.9 m 
Sum P e r c e n t f r e q .  Mean S L I ~  P e r c e n t  f r e q .  Mean Sum P e r c e n t  f r e q .  Ncav 

Dermasterias imbricata 2 12.5 0.12 2 7 56.5 1.17 1 5  75.0 1.25 

Eupentacta quinquesernita 1 3 i  68.8 8.19 111 34.8 4.83 29 50.0 2.42 

~ r ~ t h a s  t er ias  koeh Zeri 1 6 .2  0.06 5 17.4 0.22 9 58.3  0.75 
I 

W 
e 

Pisaster brez~ispinus 14 31.2 0.88 1 8  43.5 0.78 3 1  75.0 2.58 I 

Pisaster y igmteus  4 12.5  0.25 4 13.0 0.17 3 25.0 0.25 

Pisaster oehr~eeous 4 

Pymopcdia he Zianthoides 2 2 

SoZaster dmsoni  1 

So las ter  st inpsoni 2 

Stichopus caZi fornicus 0 

Stl~ongzj Zoce;ztr~tus franciscanus 857 

StronyyZocentrotus purpuratus 381 

TOTAL STATIONS 16 



TABLE 18. Numbers and P e r c e n t  Frequency of Gccurrence of F i v e  S p e c i e s  of Brown 
Algae and 24 S p e c i e s  ef I n v e r t e b r a t e s  becorded a t  S u b t i d a l  4 
Reconnaissance S t a t i o n s  - Central Area - Mendocino Power P l a n t  
S i t e  - October  1372, 

-. 

Sum P e r c e n t  f r e q .  Mean 

ALGAE : --- - 
Dermmes-t.ia nrunda 6 9  25.0 8.62 

Laminaria setche Z Z i i  235 75.0 29.38 

Nereocys $is  Zuetkeana 1 0  5 50 .O 13.12 

INVERTEBRATES : 

PORIFERA 

flzZicZona s p .  

NCLLUSCA 

Anisodoris nobi Zis 

Archidoris montereyensis 

C~jp tochi ton  s t e  ZZeri 

Diodora aspera 

Fusinus harfordz 

Ha Ziotis kanlCschatkci-nn 



5 

w TABLE 1 8  ( c o n t . )  

-- - --- -- - - 

Sum P e r c e n t  Freq . Mean 

ECHINODERMATA 

Dermas ter ias  irnbricata 

Henricia ZeviuscuZa 

Orthasterias koeh Zeri 

Pisast-er brevispinus 

Pisaster gigarteus 

Rjcnopodia he Ziarthoides 1 3  6 2 , 5  1 .62 

So Zas t e r  dawsoni 3 25 .O 0.38 

So Zas t e r  s timpsoni 4 37.5 0.50 

StrongyZocentrotus franciscanus 671 ( I ) *  8 7 - 5  95.86 

CNORDATA 

StyeZa montereyensis 1 0  37.5 1 .25  

TOTAL STATIONS 8 

* Number of s t a t i o n s  where o r g a n i s n  was o b s e r v e d ,  b u t  riot coun ted ;  
s t a t i o n s  n o t  Inclu.ded i n  c a l c u l a t i n 3  mean. 



quency of occurrence of S : : , ~ z a  ~ 2 s  a?out the sme i n  t h e  C e ~ t r a l  

and North Control  Arcas (Table* 9 ) . They were most abundant a t  t h e  

shal low water  s t a t i o n s  (Table 11 )  . 
During October 1972, w e  occup iede igh t  reconnaissance s t a t i o n s  w i t h i n  

Arena Cove i n  o r d e r  t o  o b t a i n  a b e t t e r  unde r s t a r~d ing  of t h e  animal and 

p l a n t  communities i n  this i n w r r -  p ro t ec t ed  cn r i ronnen t .  S t a t i o n s  were 

purposely s e l e c t e d  i n  k e l p  beds and i n  a r e a s  where t h e r e  was no observ- 

a b l e  s u r f a c e  canopy of ke lp ;  t h i s  accounts  f o r  t h e  complete absence of 

b u l l  ke lp ,  hiereocystis Zl~ef;ke~mn, at  t h r e e  of t h e  s t a t i o n s  (Table 1 8  and 

Appendix VI ) .  The mcst i n p o r t a n t  obse rva t ion  i s  t h e  correspondingiy 

h igh  abundance of r e d  abaloile and kelp  a t  S t a t i o n  148 and t h e  t o t a l  

absence of red abalone and low abundance of l ce lp  a t  S t a t i o n  272. 

Otherwise, t h e  observed s t r u c t u r e  of t h e  i n v e r t e b r a t e  community d i d  
4 

n o t  change d r a s t i c a l l y  i n  t h e  reconnaissance  s t a t i o n s  from t h e  obse rva t ions  

made previous ly  about gene ra l  a3undance znd depth d i s t r i b u t i o n  of s p e c i e s  

from the racdomly s e l e c t e d  s u b t i d a l  s t a t i o n s .  Giant  r ed  s e a  u rch ins  were very  

c o n i n ;  t h e  s t a t i o n s  w e r e  t oo  dee.p f o r  pu rp le  sea urchins  t o  be  encountered. 

The f a i r l y  abundant deeper  occu r r ing  s p e c i e s ,  such a s  Pisaster brevispinus 

and Henri&u, were cormon, arid red aba lone  were a b m d a n t  a t  t h e  sha-llower 

s t a t i o n s .  

Confidence I n t e r v a l s  

W e  have c a l c u l a t e d  co r f idence  i n t e r v a l s  f o r  t h r e e  s p e c i e s  of brown 

a l g a e  and s e v m  s p e c i s s  ~f i n v e r t e b r a t e s .  These p l a n t s  and animals  a l l  

nad r e l a t i v e l y  h igh  frequency of  occurrence.  The 50 ,  75 and 95 pe rcen t  

con£ idence  i n t e r v a l s  %ere c a l c u l a t e d  f o r  t h e  mean-per--s t a t  i o n  d a t a  f o r  

4 
t h e  North Control  and Cen t r a l  Areas ad t h e  t h r e e  depth  zones (Tables  19  

and 20). 



TABLE 19. Comparison o f  Means P e r  30 m2 S t a t i o n  and Confidence I n t e r v a l s  o f  3 S p e c i e s  of Brown Algae 
and 7 Spec ies  o f  I n v e r t e b r a t e s  - C e n t r a l  and North  Contro.1 Areas  - Mendocino Power P l a n t  S i t e  - 
January  through September 1972. 

d 

C e n t r a l  Area North C o n t r o l  A r e a  

Confidence I n t e r v a l s  (2) Confidence I n t e r v a l s  (%) 
Mean 50 7 0 9 5 Mean 50 70 9 5 

ALGAE : 

PHAEOPHYTA 

Desmares Cia munda 97.19 - +56.64 587.61 5 7 0 . 5 9  25.043 56.15 

Laminaria satche Z Z i i  29.04 - + 7.56 - +11.70 - + 22.78 29.92 26.74 

Ne~eocys t i s  Zuetkezna 9.89 - + 4.45 - + 6.88 + 13.38 0.42 - +O.lS 

MDLLUSCA 

CadZina Zueteomarginata i . 1 8  - + 0.34 - + 0.53 f 1.04 2.26 - +0.55 

Ceratos tomn fo 2 Ziatwn 3.15 - + 0.50 - -E 0.78 4 1 .51  2.85 - +0.51 

C~y'ptochiton s t e  ZZeri 2.37 - + 0.49 L 0.76 - + 1.47 4.88 - +0.57 + 0.88 + 1.72 

HaZiotis rufescens 5 .11  - + 1 . 3 8  5 2 . 1 4  - -t 4.15 5.50 51.36 - + 2 . 1 0  5 4 . 1 0  

ECHINODERMATA 

Pernlasterias imbricata 0.92 - -t 0.17 _+_ 0.26 - + 0.51 0.79 5 0 . 1 5  5 0.23 5 0.45 

Henricia ZeviuscuZa 5.81 -. + 0.76 5 1.18 - + 2.30 6.26 - +0.93 5 1.44 5 2.82 '  

Strongy Zocentrotuo franciscanuc 54.81. + - 6.97 510.78 - + 20.95 53.42 - +5.83 5 9.02 - +17.61 
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Giant  red  s e a  u rch ins  producea t h e  s m a l l e s t  confidence i n t e r v a l s  i n  

bo th  t h e  C e n t r a l  and North Control  Areas; 95% i n t e r v a l s  were k20.95 and 

517.61 f o r  means of 54.81 and 53.42, r e s p e c t i v e l y .  I n  s e v e r a l  ca ses  t h e  

95% i n t e r v a l  was l a r g e r  than  t h e  mean; t h i s  was t r u e  f o r  DesmareskerYia 

and Nereocystis i n  t h e  Cen t r a l  Area, and Nereocystis i n  t h e  North Con- 

t r o l  Area. 

The 95% confidence i n t e r v a l s  by depths  a l s o  exceeded t h e  mean-per- 

s t a t i o n  f o r  f l e r eoe~s&is  and Demasterias 2.4 - 7.6 m (7.9-25.1 f  t )  , 

~bsmares t i a  7.9 -- 15.2 n (26.1-58.i ft), Nereocystis 7.9 - 15.2 m (26.1- 

50.1 f t ) ,  and Lowinar:a arrci C1?3pi;cch<ton 15.5 - 22.9 m (51.5-75.5 ft). 

The animals  t h a t  had 955 i n t e r v a l s  ~f  l e s s  than  50% of t h e  mean- 

pe r - s t a t i on  included Cryptodi-iton a11d g i a n t  red  sea  u rch ins  i n  t h e  2 . 4  - 

7.6 m (7.9-25.1 f t )  depth range; Farrizia and g i a n t  r ed  s e a  urchins  ir 

t h e  7.9 - 15.2 m (26.1-50.1 f t )  range; and g i a n t  r ed  s e a  u rch ins  i n  t h e  

15.6 - 22.9 m (51.5-75.5 f t )  range. 

Most of t h e  50% confidence i n t e r v a l s  were l e s s  t han  50% of t h e  means. 

Some w e r e - l e s s  than  20% of t h e  mean; i n  t h e  depth comparison t h e s e  included 

C z y p t o c h h n ,  r ed  abalone,  and g i a n t  r e d  s e a  u rch ins  i n  t h e  2.4 - 7.6 m 

(7.9-25.1 f  t )  range; Cerutosfomct, Cryp tochiton, De-maste~icns, Hsnricia 

and g i a n t  red  s e a  urchins  i n  t h e  7.9 - 15.2 m (26.1-50.1 f t )  depth range; 
L 

and L?err?~ast,eri.as, H e n ~ i c i a  and g i a n t  r ed  sea  u rch ins  i n  t h e  15.6 - 22.9 m 

(51.5-75.5 f t )  depth range. I n  t h e  Cen t r a l  Area 50% confidence i n t e r v a l s  

were 20% o r  l z s s  than t h e  mean f o r  CadZina, Ceratostoma, Henricia and g i a n t  

r ed  s e a  urchins .  I n  t h e  North Control  Area Ceratostoma, Cryptochiton, 

Dermaster?:as, h'enricia and g i a n t  r ed  s e a  urchins  produced 50% confidence 

i n t e r v a l s  of 20X o r  l e s s  of t h e  mean-per-station. 



Water Temperatures - 

Surface  and b o t t c n  temperatures  were recorded a t  most s u b t i d a l  

s t a t i o n s  during 1972 (F igure  2 ) .  General ly ,  mean monthly bottom teinper- 

a t u r e s  were about 0 .3  C (0.5 E') lower than rilean monthly s u r f a c e  temperature 

dur ing  t h e  % i n t e r ,  s p r i n g  and summer b u t  w i t h  near ly  ident - ica l  s u r f a c e  

temperatures  during tit f a l l  wken t ie  rccorded t h e  h ighes t  temperatures .  

The lowest  temperatures o x u s r e d  2ur ing  Play. General ly  our recorded 

temperatures  p a r a l l e l  t hose  recorded a t  p c r m n e n t  s t a t i o n s  on t h e  Arena 

Cove p i e r  and i n  Loran Cove by P a c i f i c  Cas and E l e c t r i c  Company. The 

P a c i f i c  Gas and E l e c t r i c  Comgany r eco rds  of near, inonthly temperature were 

h ighe r  from' May through Szp t e n b r r  and l o ~ r e r  dur ing  March. 

Discussion 

The red  abalone probabby i s  t h e  most impcr tan t  i n v e r t e b r a t e  i nhab i t -  

ing  t h e  in shore  P o i n t  Arena. s u b t i d a l  a r e a  i n  terms of i t s  d e s i r a b i l i t y  t o  
4 

Inan a s  a  food source.  A s  such, ou r  d i scuss ion  w i l l  c e c t e r  aroulid t h i s  

l a r g e  mollusc, i ts  d i s t r i b t t i o n ,  p reda to r s  and c o z p e t i t o r s .  

Red abalone have been repor ted  from var icus  water  depths o f f  C a l i f o r n i a .  

I n  genera l ,  i t  i s  found deeper  i n  warrzer s cu thesn  C a l i f o r n i a  wa te r s  and from 

t h e  i n t e r t i d a l  and  sha l iow subcida.1. i n  northern. CalTfornia .  !.Jith t h i s  i n  

mind,  one would expect  more red  abalone i n  t h e  shallow-depth range of 2.4 -- 

7.6 m (7.9-25.1 f t )  i n  o a r  s tudy  a r e a  than  i n  the mid-depth range. Our d a t a  

suppor ts  t h i s  expec ta t i cn .  The mean d e n s i t i e s  i.n the  shal low s u b t i d a l  of t h e  

Cen t r a l  and North Control  Areas were 3 t o  almost 10 times h ighe r  t han  t h e  

means recorded i n  t h e  7.9 - 15.2 m (26.1-50.1 f  t )  depth range (Table 21) . No 

red  abalone v e r e  observed deeper than abogt 1 3 . 7  m (45.2  f t ) .  The sha l low a r e a  

from I n l e t  Cove t o  t h e  Arena Cove p i e r  supportzd t h e  h ighes t  d e n s i t i e s  of the 
4 



FIGURE 4 .  Comparison of S u r f a c e  Temperatures  Recorded by P .6 .  and E.  Recording 
Thermometers a t  Loran Cove and Arena Cove P i e r  and S u r f a c e  and Eot-  
tom T e n p e r a t u r e s  Recorded a t  Diving S t a t i o n s  - l4endocino Power P l a n t  
Site ,- J a n u a r y  - December 1972.  



TABLE 21. Comparison of Red Abalone, ri'cl-Lotis mdfescens, D e n s i t i e s  by Depth 
and Area - Mendocico Poaer PI-ant S i t e  - September 1971 - October 1972* 

-- -----. ------- 4 
2.4-7.6 m 7.9-15.2 m 

Area Si lm F ~ r c e n t  f r e q .  Means Sum P e r c e n t f r e q .  Means - -- ---- - 

North Cont ro l  123 90.0 11.18 9 57.1 1.28 

Number of s t a t i o n s  11 7 

Cen t r a l  226 61.11 1 2  ..56 119 (I)** 70.0 3.97 

Number of s t a t i o n s  1 8  30 

Loran S t a t i o n  7 100.00 7.00 37 42.8 2.64 

Number of s t a t i o n s  1 14  

Areas Cove 2 19 90.0 19.91 8 2  (I)** 93.8 5.47 

N~mber of s t a t i o n s  11 16 

* Inc ludes  prr-sur,rey d a t a ,  30 X 2m t ramsec ts  a d j u s t e d  t o  
30 m2 a r c  data; and October 1572  t-econnai.ssance s t a t i o n s .  

k* Nbmber of s t a t i o n s  where o rgan i sa s  observed but n o t  counted, 
s t a t i c n s  n o t  included I n  c a l c u l ~ t i n g  mean. 



e n t i r e  s tudy  a rea ,  averaging  almost 29 r e d  abalone pe r  30 m2 (327 f t 2 )  a r c .  

Mid-depth s t a t i o n s  i n s i d e  t h e  cove a l s o  supported r e l a t i v e l y  l a r g e  popula- 

t i o n s .  We suspec t  t h a t  t h e s e  high d e n s i t i e s  a r e  due t o  two main f a c t o r s ;  an 

abundance of food, and the somewhat p ro t ec t ed  environment (compared wi th  

t h e  open c o a s t  a r e a  o u t s i d e  t h e  cove) .  Brown a l g a e  usua l ly  considered 

as abalone food, knrinaria,  ~Yereocyst is ,  and Pterygophera, (Burge and 

S c h u l t z  1973) were more abundant i n s i d e  t h e  cove than  o u t s i d e ,  w i th  

meah counts  per  s t a t i o n  of 33.27, 12.55, 18.28, and 14.94, 1.41, 1.59 

r e s p e c t i v e l y  (Table 22).  Sur face  observa t ions  i n d i c a t e  t h a t  t h e  l a r g e s t  

beds of b u l l  k e l p  (Nereocyatds) a r e  l oca t zd  i n s i d e  cf  t h e  cove. 

The s e a s  generated by win te r  s torms c r e a t e  havoc bo th  i n s i d e  t h e  

cove as w e l l  as ou t s ide ;  however, from our  d a t a  and observa t ions  we 

f e e l  t h a t  t h e  exposed o u t e r  coas t  r ece ives  t h e  b r u n t  of t h e  wave fo rce .  

There was only  one s t a t i o n s n a l i o w e r  than  7.6 rr, (25 £ t ) ' i n s i . d e  t i ie cove t h a t  

d i d  n o t  y i e l d  r ed  abalone. Th i s  s t a t i o n  was i n  an a r e a  of sma l l  cobble 

i n t e r s p e r s e d  w i t h  s e v e r a l  i nches  of s i l t  and d e b r i s .  The one shal low 

s t a t i o n  o u t s i d e  t h e  cove t h a t  d i d  n o t  con ta in  red abalone was i n  the. 

North Control. A r e a  nea r  Sea Lion Rocks; t h e  c l ean  swept bottom seemed 

t o  b e  i d e a l  h a b i t a t  i o r  r e d  abalone. However, t h e r e  was an~ple  evidence 

t h a t  t h i s  a r e a  rece ived  s t r o n g  wave a c t i o n ,  sand scour ing ,  and thus  

w a s  uns t ab le  f o r  abalone h a b i t a t .  

W e  su spec t  t h a t  t h e  win te r  s torms no t  on ly  cause heavy r e d  abalone 

m o r t a l i t y  durj.ng seve re  w i n t e r s ,  b u t  t h e s e  stctrms nay a l s o  s e r v e  t o  

f o r c i b l y  in t roduce  r ed  a b a l o ~ l e  i n t o  t h e  intertidal a r e a s  making them 

a v a i l a b l e  t o  t h e  s p o r t f i s h e r y .  
. . 



TABLE 22. Comparison o f  Brown Algae Abundance -- S u b t i d a l  s t a t i o n s  - Mendocino Power P l a n t  S i t e  - 
September 1971  through October  1972. 

North C o n t r o l  Loran s t a t i o n  t o  I n l e t  Cove * I n s i d e  - cove 
Number o f  Number o f  Number of 

Sum Mean s t a t i o n s  Sum Mean s t a t i o n s *  Sum Mean s t a t i o n s  

LQmi.?zaria setche Z Z i i  718 29.92 24 463 14.94 3 1 

Nereocystis Zuetkeana 10 0.42 2.4 4 1  1 . 4 1  2 9 

Pterygophora ca Z i f h n i c a  179 7.46 . 24 46 1.59 29 

* ~ n c l u d e s  60 m2 t r a n s e c t  d a t a ,  each  o f  t h e s e  s t a t i o n s  counted as two. 



Other t han  man, t h e  major r e d  aba lone  p reda to r s  encountered i n  our 

s t u d i e s  inc luded  cabezon, ch ina  rock f i sh ,  wolf-eel,  Pycnopodia heZianthoides, 

Pisaster ochraceous and Q r t h s t e r i a s  kozhZeri (Burge and Schu l t z  19 73) . 
Burge and Schu l t z  a l s o  mention t h e  s e a  s t a r s ,  Pisaster giganteus, and 

P. brevispinus a s  ? o s s i b l e  p reda to r s  (both  were q u a n t i f i e d  i n  our  s t u d i e s ) .  

A s  mentioned e a r l i e r ,  t h e  a d u l t  rock crab,  Cancer antennariuc and a d u l t  

r e d  c rab ,  C. productus were r a r e l y  encountered. 

We observed onl-y one wolf-eel  dur ing  t h e  en tF re  s tudy .  Th i s  f i s h  

was observed on a reconnaissance  dilre i n s i d e  t h e  cove. Cabezon v e r e  

observed throughout t h e  a r e a ,  b u t  were riiost common i n  depths  of 3.9 - 

15.2 m (26.1-50.1 f t ) .  They were p r e s e n t  a r  32.5% of t h e  s t a t i o n s  (Table 

45). China rock f i sh  were observed a t  7.2% of t h e  s t a t i o n s  b u t  were not  

observed a t  shal low s t a t i o n s .  Pisaster brevispinus was t h e  most f r e -  

quent ly  observed preda tory  sea  s t a r  followed by Pycnopodia (Table 15) .  

These two sea  s t a r s  were observed a t  almost h a l f  of t h e  s u b t i d a l  s t a t i o n s .  

Pisaster ochraceous and Orths ter ias  were found a t  about  25% of t h e  s t a -  

t i o n s .  There does no t  appear  t o  be any r e l a t i o n s h i p  between t h e  presence 

of s e a  s t a r s  and aba lone  abundance (F igure  5) .  

The numbers of predator;  i n  t h e  Po in t  Arena s u b t i d a l  a t  p re sen t  

probably a r e  no t  a s e r i o u s  f a c t o r  a f f e c t i n g  r e d  abalone abundance; 

however, a s i g n i f i c a n t  i n c r e a s e  i n  any of t h e  p reda to r s  probably would 

have an  in f luence  on t h e  r ed  aba lone  population s i z e .  

The g i a n t  r ed  s e a  u rch in  is  t h e  most important  competi tor  of t h e  r ed  

abalone observed i n  our  s u b t i d a l  surveys  i n  terms of food a s  w e l l  a s  space.  

Giant r ed  s e a  u rch ins  were p re sen t  84.3% of ou r  random s t a t i o n s  i n  1972, 

2 
with  a n  average  dens i ty  of 54.16 u rch ins  p e r  30 m2 (327 f t ) a r c  (Tsble  15) . 
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FIGUPS 5. Comparison of Red Abalone and F r e d a t o r y  S e a  S t a r  Numbers (Pyc~lopodia 

Pisaster ocizr~acsou.s, 2. brcvispinus, and OrtFasterias k o e h t i e r i )  
2 Recorded a t  30 u * S u b t i d a l  S t a t i o n s  - 2.4  t o  15.2 m Depths  - 

i-Iendocino Poirer  P l a n t  S l t e  - S e p t e m b e r  1971  - October  1972. 
2 * 30 2; 2 m t r ransect  dsr-a c o c v e r r e d  t o  conform with 30 m a r c  d a t a .  



The d e n s i t y  w a s  h i g h e s t  i n  depths  of 7.9 - 15.2 m (26.1-50.1 f t )  (Table 17) .  

Both r e d  aba lone  and g i a n t  r ed  s e a  u rch ins  were observed f eed ing  on d r i f t  

b u l l  k e l p  (Nereocys t l s )  i n  November 1972. Higher numbers of r e d  abalone 

occurred a t  s t a t i o n s  where g i a n t  r ed  s e a  urchkn numbsrs were l e s s  than  

100 (F igu re  6 ) .  When g i a n t  r ed  s e a  urchin  numbers were i n  excess  of 100 

pe r  s t a t i o n ,  r ed  abalone numbers were gene ra l ly  very  low. 

I n  a d d i t i o n  t o  t h e  i n v e r t e b r a t e s  q u a n t i f i e d  a t  our  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  we made c c l l e c t i o n s  of smll and u n i d e n t i f i e d  organ- 

i s m s  whenever they occurred f o r  l a t e r  taxonomic work. Thus f a r  a t o t a l  

of 111 i n v e r t e b r a t e  s p e c i e s  have been i d e n t i f i e d  from t h e s e  rnisceilaneous 

c o l l e c t i o n s  and obse rva t ions  (Appendix VI I ) .  The appendix t a b l e  l i s ts  

a l l  of t h e  p l a n t s  and animals q u a n t i f i e d ,  c o l l e c t e d  o r  observed, t h e i r  

common and s c i e n t i f i c  name and whether they occured sub t id i i l l y ,  i n t e r -  - t i d a l l y  o r  were pe l ag ic .  



RED URCHINS 

2 FIGUEE 6 .  Comparison of Red Abalone and Red Urchin Numbers Recorded a t  30 m * S u b t i d a l  S t a t i o n s  - 
2.4 t o  15.2 m Depths - Mendocino Power P l a n t  S i t e  - September 1971 - October  1972. 

2 * 30 X 2 m t r a n s e c t  d a t a  conver ted  t o  conform w i t h  30 m arc d a t a .  



INTERTIDAL SURVEYS 

Prepared by Laurence .Laurent  

Methods 

Sampling i.n t h e  i n t e r t i d a l ,  a s  i n  t h e  s u b t i d a l ,  was conducted 

randomly. Two a r e a s  were s t u d i e d ;  t h e  proposed p l a n t  s i t e ,  o r  " cen t r a l "  

a r e a ,  and a  c o n t r o l  a r e a  about 0.75 km (0.45 mi le )  nor th  of t h e  c e n t r a l  a r e a .  

These a r e a s  were d iv ided  i n t o  61 m X 6 1  m (201 f tx201  f t )  (F igure  7), and 

t h e  g r i d  s t a t i o c s  were numbered consecut ive ly  fro111 n o r t h  t o  south .  

Se fo re  each saripiing pe r iod ,  which corresponcled t o  an oceanographic 

season ,  a  s e r i e s  of s t aL ion  numbers were chosen from a s tandard  t a b l e  

of saadom numbers. A grid- station which coincided x i t h  a  s e l e c t e d  

number was then  sampled dur ing  the  per iod ,  o r ,  i.f i n a c c e s s i b l e  t o  

sampling, an a l t e r n a t e  g r i d - s t a t i o n  was v i s i t e d .  

The a r e a s  were sanpled dur ing  pe r iods  of ni.nus t i d e s .  A 30-rn (99 - f t )  

. l i n e  marked i n  Im (3 .3 f t ) i nc remen t s  was placed st a  s u b j e c t i v e  s t a r t i n g  

p o i n t  and l a i d  a s  c l o s e  t o  t h e  water  l e v e l  a s  s e a  s w e l l  and topography 

would permit .  The l e v e l  a t  which t h e  l i n e  r a n  was u s u a l l y  mciritalned 

2 
a t  a  cons t an t  he igh t .  A b2 (2.7 f t  ) metal  quadra t  was placed on t h e  sub- 

s t r a t e  a t  f o u r  pre-se lec ted  random meter marks a long  t n e  l i n e .  Wiztlin erzch 

quadrat  a l l  non-crypt ic  macroinvertebrakes (wi th  t h e  no tab le  except ion  

of sponges, hydro ids ,  anne l id s  and hryozoans) l a r g e r  than  10 m ( 0 - 4  i nches j  

and t h e  l a r g e r  brown a l g a e  were i d e n t t f i e d  and counted. The s o f t  red ,  

green and sma l l e r  brown a lgae  w i t h i n  t h e  quadra t  were scraped and 

c o l l e c t e d  i n  a p p r o p r i a t e l y  l a b e l e d  p l a s t i c  ga l lon  j a r s  o r  p l a s t i c  bags.  

For each q u a d r a t / s t a t i o n  t h e  fo l lowing  informat ion  was recorded on a  



I 

, 

123042'30" 

FIGURE 7. I n t e r t i d a l  Sampling G r i d  and S t a t i o n  Numbers - Fendccino Power 

P l a n t  S i t e .  



Nw p l a s t i c  s h e e t :  q u a d r a t  number, t i m e  a t  c o l l e c t i n g ,  approximate  h e i g h t  

r e l a t i v e  t o  t i d a l  l e v e l ,  c o u n t s  o f  i n v e r t e b r a t e s  and l a r g e r  brown a l g a l  

s p e c i e s ,  and an  e s t i m a t i o n  of p e r c e n t  cover  by a r t i c u l a t e d  c o r a l l i n e  a l g a e .  

The s o f t  a l g a e  were  c o l l e c t e d  t o  d e t ~ r m i n e  t h e i r  s p e c i f i c  biomass 

(d ry  w e i g h t s )  i n  t h e  sampled a r e a s .  The a l g a e  were  worked-up f r e s h  i n  

t h e  l a b o r a t o r y ,  o r  t h e  samples  were  p l a c e d  i n  f o r m a l i n  and worked-up a t  

a  l a t e r  t ime.  "work-up" e n t a i l e d  washing t h e  sample i n  f r e s h  w a t e r  t o  

rentove a s s o c i a t e d  sa l ts  and d e t r i t u s ,  d r a i n i q g  t h o r o u g h l y ,  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 wet  w e i g h t ,  and,  a f t e r  a  minimum p e r i o d  of 24 h r  i n  

a  d r y i n g  oven a t  60 - 70 C (140-158 F ) ,  o b t a i n i n g  a  d r y  weigh t  f o r  each  s p e c i e s .  

Weights were  measured on a  t r i p i e  beam b a l a n c e  t o  t h e  n e a r e s t  0 . 1  g (0.0035 0 2 ) .  

This method h a s  been used by o t h e r  workers  pe r fo rming  a l g a e  biomass s t u d i e s  

(Doty 1969, Bansen.  1972).  

To f a c i l i t a t e  l a t e r  q u a n t i f i c a t i o n  o f  i n v e r t e b r a t e s  and a l g a e ,  t h e  

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

B,  and C,  r o u g h l y  cor responding  t o  R i c k e t t ' s  and ~ a l v i n ' s  (1968) l i f e  

zones 2 ,  3 ,  and 4. Zone A i n c l u d e s  t h e  i n t e r t i d a l  from 0.9  m (3 .0  f t )  above 

mean lower  low w a t e r ,  t o  a p p r o x i m a t e l y  1 . 8  m (6 .0  f t ) ,  Zone i3 encompasses t h e  

a r e a  from 0.0-0.9 m (0.0-3.0 f t )  and  Zone C r e p r e s e n t s  t h e  a r e a  exposed below 0.0  m. 

R e s u i t s  

I n t e r t i d a l  I n v e r t e b r a t e s  

During t h e  s t u d y  p e r i o d ,  November, 1971  th rough  February ,  1973, a 

2 t o t a l  of 262 m2 ( 2 . 7  f t  ) q u a d r a t s  were  sampled; 145 i n  t h e  C e n t r a l  Area 

and 116 i n  t h e  c o n t r o l  Area. Due t o  t h e  n a u t r e  of a n n u a l  t i d a l  c y c l e ,  

no sampling w a s  done d u r i n g  S e p t e n b e r  and most of October  when 



t h e  Gceanlc Per iod  occurs:  t h e r s f o r e ,  all d a t a  i s  der ived  from samp- 

l i n g  i n  t h e  Davidson ( e a r l y  So~reaber  through Phrch) and Upwelling 

(Apr i l  through August) p s r iods .  

Because most of t h e  i n v e r t e b r a t e s  ~1.5-ch appesred i n  t h e  quadra ts  

a r e  considered t o  be perennial, w i t h  the nctable except ion  o f  t h e  

nudibranchs,  t h e r e  should h e  l i t t l e  discc.rni5le s easona l  v a r i a t i o n  i n  

popula t ions  throughout the sampling per iod .  90r  t h e  more common 

animal-a, t h i s  appears  t o  be  t r u e  (Tables  24 t o  23). The apparent 

seasona l  v a r i a t i o n  of t h e  less common i n v e r t e b r a t e s  may he a f u n c t i o n  

of sampling design and/or  saniplt: s i z e .  For  exaz~?le ,  t h e  sun s t a r ,  

Pjeizopodia he2 ianthoides, a ; ~  irnpgr t a n t  ? r e d a t o r ,  appeared only  twice  

i n  t h e  s tudy per iod;  t h e  reason f o r  t h i s  i s  probably due t o  t h e  f a c t  

t h a t  Pymopodia i s  u s u a l l y  Tc31nld a t  o r  Selow t h e  water  l i n e  i n  t h e  

i n t e r t i d a l  and our  samples v'ere u sua l ly  raken above t h e  waier  l i n e .  

S imi l a r  v a r i a t i o n s  of l e s s  mobile o r  s e s s j - i e  organisms a r e  most l i k e l y  

due t o  sample s i z e .  

Xorklng on t h e  assumption t h a t  t h z  popula t ions  a r e  l a r g e l y  pcren- 

n i a l ,  i h e  d a t a  have been t r c a r s d  a s  cunr inua  and analyzed by l i f e  

zones f o r  t h e  two s tudy  a r e a s  (Tables  30 and 3L). 

The most comman anknml, b y  f a r ,  was t h e  pu rp le  s e a  urchin ,  

S-i;ronggZoc~?ztrotus puq-wutus . Ove la l l ,  t h i s  urch in  r ep re sen ted  43.7% 

of animals ceunted an  a l l  zones. It a l s o  occurred  wi th  t h e  h i g h e s t  over- 

a l l  f requencies :  from 57 .7% o f  t h e  quadra ts  i n  Zone "A" of t h e  Ncrth Con- 

t r o l  a r e a  t o  89.72, i n  Zone B of the  same a r e a .  In t e r n s  of t o t a l  numbers 

i a  a l l  zoncs, t he  pu rp lc  s ea  u rch in  was followed i n  abundance ( i n  



descend ing  o r d e r )  by: AnthopZeura elegantissima (8 .9%) ,  t h e  Acmaeidae 

(8.9%) , TeguZa brunnea (8.8%) , T. f7mebraZis (7.5%), Mytilus caZiforn- 

ianus (5.2%) , Epiactis  proZi fera (4.2%) , MopaZia spp  . /~?uttaZZina 

caZifornica (3.2%) , Tonice ZZu Zineata (1.7%) , ~ a t h a r i n a  tunicata  (1.6Z) , 

and Leptasterias spp.  (1.1%). T o g e t h e r ,  t h e s e  1 2  s p e c i e s  r e p r e s e n t  

94.8% of t h e  32 i n v e r t e b r a t e  s p e c i e s  counted i n  t h e  q u a d r a t s .  

Confidence i n t e r v a l s  c a l c u l a t e d  f o r  t h e  means o f  t h e s e  same an imals  

.by zone (Tab les  32 th rough  34) i n d i c a t e  t h a t  t h e i r  p o p u l a t i o n s  a r e  

e s t a b l i s h e d  w e l l  enough, even  a t  t h e  95% l e v e l ,  t o  s e r v e  as p o s s i b l e  

i n d i c e s  of b i o t i c  change.  S e v e r e l  s p e c i e s  i n  b o t h  s t u d y  a r e a s  show 

e x c e l l e n t  agreement i n  t h e i r  means and c o n f i d e n c e  i n t e r v a l s .  ' For example,  

i n  Zone B s e v e r a l  s p e c i e s  demons t ra te  c o n s i s t e n t  v a l u e s  a t  t h e  952 l e v e l :  

L 
Epiactis  proZifera o c c u r r e d  w i t h  a mean of 1 . 2 3  - +O. 74 i n d i v i d u a l s  p e r  +m 

2  
(2.7 ft ) i n  t h e  C e n t r a l  Area and a mean of 1.05+0.97 i n  t h e  C o n t r o l  Area;  

' t h e  Acmaeidae showed means of 2.19 - +0.80 and 2.43 - +0.95 i n  t h e  C e n t r a l  

and C o n t r o l  Areas ,  r e s p e c t i v e l y ;  TeguZa brunnea had means of 2.34 - +1.00 

i n  t h e  C e n t r a l  Area and 2.23 - +1.71 i n  t h e  C o n t r o l  Area;  and StrongyZo- 

centrotus p-wp7~ratus showed means of 17.89 - +4.84 and 20.26 - +5.19 f o r  t h e  

two areas (Tab le  33).  

Zone C a l s o  c o n t a i n e d  c o n s i s t e n t  and u b i q u i t o u s  s p e c i e s  a t  t h e  95% 

l e v e l ,  among them: Epiactis  p r o Z i f e ~ a  w i t h  means of 2.22 - ,+1.31 i n  t h e  

C e n t r a l  Area and 2.92 - +1.44 i n  t h e  C o n t r o l  Area;  t h e  Acmaeidae w i t h  means 

of 2.07 - +1.01 and 2.14 - +0.98 i n  t h e  same a r e a s ;  and StrongyZocentrotus 

p q u r a t u s  w i t h  v a l u e s  of 19.19 - +5.01 i n  t h e  C e n t r a l  Area and 16.35 +5,89 - 
i n  t h e  C o n t r o l  Area (Tab le  3 4 ) .  

The an imals  i n  Zone A of t h e  two s t u d y  a r e a s  cannot  b e  compared s i n c e  



t oo  few samples ( e i g h t )  were t sken  a t  t h i s  he igh t  i n  t h e  Cen t r a l  Area 

t o  provide s r a t i s t i c a i  s i g n i f i c a n c e .  ?owever, t h e  means and confidence 

i n t e r v a l s  of t h e  dorznant  i n v e r t e b r a t e s  i n  t h e  North Cont ro l  Zone A, 

where 26 quadra ts  were sampled, a r e  presented  (Table 3 2 ) .  

It i s  i n t e r e s t i n g  t o  no te  t h a t  Zone A,  t h e  a r e a  which exper iences  

t h e  g r e a t e s t  amount of d a i l y  expcsure,  s u p p o r ~ e d  t h e  h i g h e s t  mean t o t a l  

2 
nnmber of animals per  4 m  ( I .  7 f t 2 )  quadra L: 49 .15  organisms f o r  t he  two study 

a r e a s .  Tnis  a r ea  a l s o  supported f eve r  s p e c i e s  than  Zones B and C. I n  

gene ra l ,  i t  appears  t h a t  numbers of organisms per  $m2 decrease  w i t h  

decreas ing  v e r t i c a l  h e i g h t :  Zone B showed ail average of 38.34 animals  per  

2 
%m2 (2.7 f t ) i n  t h e  two a r e a s  and Zone C showed an  average of 35.66 organisms 

(Tables 30 and 3 1 ) .  

T n t e r t i d a l  Algae (Sof t  Algae) .  

Dry weight (biomass) measureFents f o r  a t o t a l  of 48 spec i e s  of s o f t  

r ed ,  green and smal le r  brown a lgae  from a t o t a l  of 207 quarter-meter  quadra t s  

were obta ined  (Appendices X V I I I  - X;:VlI). Twenty s i x  quadra ts  were 

sampled froin Zone A, 105 from Z ~ n e  B and 75 from Zone C; of t h e s e ,  a 

t o t a l  of 119 quzdra ts  from t h e  Cen t r a l  Area and 88  quadra ts  from t h e  

Control  Area were examined. The 207 quaclrats r e p r e s e n t  79% of t h e  t q t a l  

quadra ts  occupied i n  the i n t e r t i d a l .  

Zone A .  I n  t h e  Cen t r a l  Area, whecc only e i g h t  samples were taken ,  -- 
Odonthalia floceosa was b y  f a r  dominant, r e p r e s e n t i n g  93% of t h e  t o t a l  

mean biomass. Bowever, t h e  Cont ro l  Area, where 18 samples were taken., 

3ndocladia rnwieata was dominan; w i th  63.2% of t h e  t o t a l  mean biomass 

and a frequency of 72.22. 0. fZoccosa was second i n  abundance and 



TABLE 24. Abundance of I n t e r t i d a l  I n v e r t e b r a t e s  Found i n  k m2 Quadrats by Oceanographic Period - 
Zone A - Centra l  Area - Mendocino Power P l a n t  S i t e  - June 1972 through February 1973. 

Species 
Upwelling Period (June 1972) Davidson Period (Oct 72-Feb 73) 
Sum Percent  f r e q .  Mean Sum Percent  f r e q .  Mean 

cOELENTERATA 

Epiactis pro Zifera 

MOLLUS CA 

Acmaeidaet 

Katharina tunicata 

iVu t OaZ Zina caZi f ornica 0 0.0 0.00 

96 100. 0 19.20 

ToniceZZa Zineata . 2 33.3 0.67 3 60.0 0.60 

ECHINODEFNATA 

Lsptasterias spp . 2 66.7 0.67 7 40 .O 1.40 

StrongyZocentrotus purpuratus 2 6 100.0 0.67 8 1  80.0 16.20 

Tota l  ?t m2 Quadrats 3 5 

* This  f i g u r e  probably inc ludes  numbers of IVuttaZZina caZCfornica e a r l i e r  m i s i d e n t i f i e d  as a 
MopaZia sp. 

t The l i m p e t  genera Acmaea, Alotoacmea and CoZZ?:seZZa (KcLean 1969) have been lumped i n  thFs 

s tudy a t  t h e  fam!ly l e v e l  t o  avoid taxorlomic d i f f i c u l t i e s .  
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North Control Area -- 
Zone A Zoae B Zone C 

Percent percent Percent 
Sum f req .  Mean Sum f req .  &an Sum f r e q -  Mean - 

Desmarest<,a herbacea 

Dic-Cy cne-own cg liforckux 

Ccjstaria ~:ostatwn 

Lcm-hzaric: s e t  ahe Z Z i i  

A 1 a r ia  mcwginata 

E'ucus d<stichus 

Pos t c  Zsia pa lhusf~i%Ls 



Discussion 

The Point  Arena i n t e r t i d a l  does no t  possess a s  l u s h  and d ive r se  an  

assemblage of macroinvertebrates  a s  one might expect of an  open coas t  

s i t u a t i o n .  Our d a t a  bea r s  ou t  a s i m i l a r  observat ion  made by P. G. h E. 

consu l t an t -b io log i s t ,  Wheeler ~ o r t h ,  on a q u a l i t a t i v e  survey conducted 

dur ing  1970 (Adam, et a1 . 1971). The reason f o r  t h i s  is  n o t  c l e a r ,  

although poss ib le  u n s u i t a b i l i t y  of s i l t s t o n e  s u b s t r a t e  f o r  many s e s s i l e  

orgarlisms and/or harsh  oceanic condi t ions  t h a t  e x i s t  much of  t h e  year  may 

l i m i t  i n v e r t e b r a t e  d i v e r s i t y .  . 

For example, many animals which a r e  normally encountered i n  nor thern  

Ca l i fo rn ia  rocky i n t e r t i d a l  s i t u a t i o n s  have n o t  been observed o r  a r e  un- 

expectedly r a r e  on t h e  Po in t  Arena coas t .  The hydroids Abietinaria and 

Aglaophenia w e r e  observed only r a r e l y  and usua l ly  common i n t e r t i d a l  

enc rus t ing  sponges w e r e  only seen  occass ional ly .  Bryozoans were a l s o  

inf requent .  Among t h e  ar thropods ,  most bar.nacle spec ies  w e r e  represented 

but  w e r e  extremely patchy, e s p e c i a l l y  t h e  usua l ly  ubiquitous s t a l k e d  

barnacle ,  PoZZicipes polymerus, which occurred i n  expected d e n s i t i e s  only 

i n  bench a r e a s  where t h e r e  was apprec iab le  seawater runoff .  Adult c rabs  

of t h e  genera Cancer and Pugettia were found only r a r e l y ;  however, j uven i l e  

Pugettia were f r equen t ly  encountered among low growing red  a lgae  Other . . 

crabs ,  such a s  Oedignathus, HupZogaster, Pachyche Zes and PetroZisthe.9 were 

common i n  c rev ices  and under rocks ,  but  due t o  t h e i r  c r y p t i c  n a t u r e s ,  

were omitted from q u a n t i f i c a t i o n .  The C a l i f o r n i a  mussel, WtiZus  caziforn- 

ianus, al though extremely common a l s o  occurred i n  less than expected 

dehs i t i e s , excep t  i n  t h e  s i t u a t i o n s  where PoZZicipies a l s o  occurred. 

Pisaster ochraceous, t h e  c o m h  ochre s t a r ,  probably l imi t ed  by low 

abundances of i t s  p re fe r red  prey; Mjtilus,  ~oZZicipec and Balanus 



(Paine 1966) a l s o  was encountered i n f r e q u e l t l y  i n  t h e  t r a n s e c t s .  B a r ~ a c l e  

e a t i n g  s n a i l s ,  such a s  I'izaGs and Acmthina, w~~~ a lsa  uixcommon - ag&in  3 
probably due t o  che infrequency of t h e i r  grey. l l sua l ly  common compound 

t w i c a t e s ,  such a s  A~axoz~,-<zun and Zstap?.ia, and t h e  c o l o n i a l  s o l i t a r y  

a s c i d i a n ,  CZaveZina h w z t s ~ ~ i t i ,  were n o t  seen i n  t h e  t r a n s e c t s .  

The reasons  f o r  t h e  pau- i ty  of t h e s e  elsewhere cormon i n t e r t i d a l  

i n v e r t e b r a t e s  a r e  n o t  c l e a r .  .IIowever, coruparisop wi th  a nearby area . 
seems t o  i n d i c a t e  that. ha r sh  oceanic  cond i t i ons  a-re more l i m i t i n g  than  

is  t h e  p o s s i b i l i t y  of unsui t s 'b le  s i l t s t o n e  subs t r a . t e  f o r  a t t a c h i z g  

organisms. Arena Rock, about  2.0 km(1.2 mi les )  n o r t 3  of t h e  P o i n t  A r e ~ a  l i g h t -  

house, r i s e s  from about 35 m (120 f t )  of water  t o  t h e  s u r f a c e  on minus t i d e s .  

A series of reconnaissance 6i:v.e~ on t h e  rock showed i t  t o  possess  an 

extremely l u s h  assemblage of i .nver tebra tes  2ompri.sed of animals n o t  found 

i n  t h e  Po in t  Arena nearshore  s u b t i d a l ,  For  example, one d i v e  y i e l d e d  a 

number of dead Mji5iZu-s ca~i fo2~l ianuo,  (which had obviously been washed from 

the rock ' s  o f t e n  exposed peak) one with a s h e l l  length of 255 mm(10.2 inches), .  

An animal t h i s  s i z e  i n d i c a t e s  an o l d  and s tab le  popula t ion  of mussels - a sit- 

u a t i o n  non-exis tant  i n  t n e  poirtt  Arena inter ti-da. Ths t  t h i s  s i l t s t o n e  rock, 

removed from t h e  seve re  wave inpact  i n  t h e  i n t e r t i d a l ,  can suppor t  l a r g e  

i n d i v i d u a l s  and d i v e r s e  popule t ions  seems t o  i n u i c z t e  t h a t  oceanic  cond i t i ons ,  

e s p e c i a l l y  ha r sh  win te r  s t o r r s ,  a r e  indeed l i m i t i n 2  c n  i n t e r t i d a l  (and 

probably n e a r s t o r e  s u b t i d a l )  i r i ve r t ab ra t e  popula t ions .  

Our zonat ion  scheiue, l i k e  others, has i t s  l i r d ' i a t i o n s  s i n c e  i n t e r t i d a l  

c o ~ m u n i t i e s  r e f  u se  t o  adhere s t r i c t l y  t o  t h e  Rbour.uar5es'' of zones. However, 

an an in ;a l t s  r e l a t i v e  abundance f rom zone t o  zone i n d i c a t e s  i ts  d i s t r i b u t i o n  

and p o s s i b l e  r e l a t i o n s h i p  w i t h  o t h e r  i n v e r t e b r a t e s  and a lgae .  



Concerning t h e  i n t e r t i d a l  communities of  i n v e r t e b r a t e s  and a lgae ,  

i t  must b e  s t r e s s e d  t h a t  much of t h e  d a t a  presented  i n  t h i s  r e p o r t  

representSorganisms i n  a c l i n a l  s i t u a t i o n . .  For example, a wide, f l a t  

i n t e r t i d a l  bench area w i t h  a h e i g h t  of 1.0 m (3 .3  f t )  above P4LLW w i l l  support  

d i f f e r e n t  assemblages and abundances of i n v e r t e b r a t e s  and a l g a e  on t h e  

seaward edge (or  c l i n e )  of t h a t  bench than  on t h e  landward top  of t h e  

bench. The communities on t h e  seaward edge a r e  almost i n v a r i a b l y  more 

d i v e r s e  and abundant t han  communities removed a few meters  from t h e  edge 

even though t h e  two communities e x i s t  i n  t h e  same v e r t i c a l  l i f e  zone. This  

is due t o  t h e  va ry ing  amounts of exposure t h e  communities exper ience  dur- 

i n g  t h e  t i d a l  cyc l e  and is t r u e  f o r  Zones A & B, and, t o  2 much l e s s  

e x t e n t ,  f o r  Zone C. I n  t h e  event  f u t u r e  i n t e r t i d a l  s t u d i e s  a r e  performed 

at  P o i n t  Arena, sampling must b e  conducted i n  t hose  c l i n a i  a r e a s  t o  

' insure  r e p l i c a b i l i t y  of  e f f o r t .  

Accqrding t o  long-time r e s i d e n t s  of t h e  P o i n t  Arena a r e a ,  r ed  abalone 

o f  s p o r t  l e g a l  s i z e  ( s h e l l  l eng th  - > 177 mm) were once abundant i n  t h e  

P o i n t  Arean i n t e r t i d a l .  S t o r i e s  of once being a b l e  t o  o b t a i n  l i m i t s  of 

abalone ' b i t h o u t  g e t t i n g  your f e e t  wet" have been recounted t o  us  by 

many l o c a l  fishermen. This  is  no longer  t h e  case ,  poss ib ly  because 

Po in t  Arena has  been "discovered" and popular ized  by abalone fishermen 

from a wide a r e a  of Ca l i fo rn i a .  A low t i d e  weekend may a t t r a c t  a hundred 

o r  more abalone seeke r s  t o  t h e  Po in t  Arena a r e a .  This  f i s h i n g  p r e s s u r e  

may have served  t o  reduce numbers of l e g a l  abalone i n  t h e  i n t e r t i d a l  

where p i ck ing  i s  p h y s i c a l l y  e a s i e r .  

Of 109 quarter-meter quadra t s  sampled i n  Zone C o f . t h e  Cen t r a l  and North 

Cont ro l  Areas, on ly  fou r  conta ined  any red  abalone-one a p i e c e  (Table 4 1 ) .  Fihile 



TABLE 41. Numbers of HaZiotis rufescens Noted a t  o r  Kear 30 m I n r e r t i d a l  S t a t i o n s  - Cen t ra l  and 

North Controi  Areas - Mendocino Power P lan t  S i z e  - November, 1971 through February, 1973. 

Area S t a t i o n  Numbers of Lo c a t  i o n  S h e l l  Lengths 
H .  rt~fescezs 

North Control 4 3 1 Within one rn of  t r a n s e c t  l i n e .  . 175 rn 

35 1 Within quzdrat .  No neasure 

2 5 4. W i t t i n  cce m of t r a n s e c t  l i n e .  Xo measure 

4 1 14 One r;;l belsw t ra i l sec t  iine. .Range f rom "d 1.25 mn! 
t o  'U 165 mn . 

49 15 One wi th in  quackat and 14 S i x  mzasured: 1.83, 178, 
w i t h i n  one m o f  t r a n s e c t  l i n e .  174, 155, 133 dnd 117 ;run I 

Smallest  noted 100 m g 
I 

Centra l  'Within quadrat .  

Wi th l r~  one ir. of  t ra l l sec t  l i n e .  

Within one m of  t r a n s e c t  l i n e .  

Within f i v e  m of  t r a n s e c t  l i n e .  

Within one m of t r a n s e c t  l i n e .  

3 3 1 Within quadrat .  

Four measured: 167, 
156, 163 a.16 53 nn 

S i x  measured: 2C0, 179, 
i55,  1 4 8 ,  1 4 1  ar,d 120 mrn 

One > 177 mm, eleven 
< 177 nm 

157, 143 and > 177 mm 
( 5  .o thers ,  a l l  l e g a l ,  
noted w i t h i n  5 m of ' 

t r a n s e c t )  . 



abalone occurred a t ,  o r  i n  t h e  v i c i n i t y  of 11 of t h e  33 s t a t i o n s  s t u d i e d  

i n  Zone C,  on ly  s i x  of  57 abalone whose s h e l l  l eng ths  were measured o r  

es t imated  w e r e  of s p o r t  l e g a l  s i z e .  

While t h e  usua l ly  r i go rous  environment of t h e  nearshore  r eg ion  

probably e x e r t s  a - n a t u r a l l y  l i m i t i n g  e f f ec t .  on i n t e r t i d a l  abalone 

popula t ions ,  acces s  t o  t h e  i n t e r t i d a l  is a l s o  a f a c t o r  i n  l i m i t i n g  

.numbers of s p o r t  l e g a l  s i z e  abalone.  S t a t i o n s  41 and 49 i n  t h e  North 

Control  Area, where t h e  h i g h e s t  nunbers of abalone were observed,  no t  

o n l y . b e n e f i t  from t h e  p r o t e c t i o n  of a s h e l t e r e d  cove b u t  a r e  a l s o  

r e s t r i c t e d  from t h e  pub l i c  by t h e  boundaries  of a p r i v a t e l y  owned ranch. 

S t a t i o n  38 i n  t h e  Central Area, where h ighe r  numbers of aba lone  were 

a l s o  found, i s  a c c e s s i b l e  only  by walking a mi le  over  rough i n t e r t i d a l  

b t e r r a i n .  P u b l i c  access  is  gene ra l ly  p o s s i b i e  a t  s t a t i o n s  11 through 

34 i n  t h e  North Control  Area and s t a t i o n s  29 through 62 i n  t h e  Cen t r a l  

A r e a .  S t a t i o n s  1 through 10  i n  t h e  North Cont ro l  Area and 1 through 14  

i n . t h e  Cent ra l  Area r e p o r t e d l y  r e c e i v e  h igh  abalone u t i l i z a t i o n  by t h e  

personnel  of  t h e  Coast Guard Reservat ions which border  t h e s e  two a r e a s .  



FTSHFiS 

Prepared by Rober t  3. Lea 

I n  t h i s  r epo r t  f i shes  a s  a group of organisms a r e  s epa ra t ed  i n t o  t h r e e  

ca t egor i e s ;  F!ztertidal., s u b t i d e l ,  and direr-observe2 f i s h e s .  I n t e r t i d a l  

and s u b t i d a l  f i s h e s  wzr? c o l l e c t e d  by use  9f t he  ich thyocide ,  Chem F i sh  

Co l l ec to r ,  and were i d e n t i c i e d  and aaalyzed ir: t he  l abo ra to ry .  Although 

t h e r e  is  some over lap  betveen these  two c a t e g c r i e s ,  the  asselnblages a r e  . 
q u i t e  d i f f e r e n t  and a r e  e s c e ~ t i a l l y  independent.  Thdre is  probably l i t t l e  

i n t e r a c t i o n  betweell t h e  f i s h e s  o i  t h e s e  t v o  cosvmunities. 

Divzr-observed f is l ies  included f o r a s  tSa.t w -.re seen  wh i l e  working at 

underwater s t a t i o n s  o r  d u r i : ; ~  r econ~ la i sance  d ives  a s  w e l l  as those  spec i e s  

t h a t  were noted ,  bu t  r-ot a £  f e c t e d ,  a t  thz f i v s  s u b t i d a l  ich thyocide  s t a t i o n s .  

These were e i t h e r  f i -shss  thst were high up i n  [.kc? water column, and thus  

avoided cont.act wLt l1  tht: C11em Fish,  o r  p reca t a ry  i t s h e s  t h a t  moved i n  t o  

feed  on 'che smal le r  f o r a s  t h a t  were s t r e s s e d .  It was o f t e n  i ~ n p o s s i b l e  t o  

i d e n t i f y  t o  s p e c i e s  ievel s x a l l  f i s h e s  such GS c o t t i d s  and s t i c h a e i d s ,  

hence, t h e  ichthqrocide s t a t i o n s  g r e a t l y  eupplencnted our  knowledge of  

t h e  f i s h  fauna of t h e  Mendocirio s tudy  a r e s .  Also ,  many of t h e  sma l l  forms 

a r e  extremely c r j p t i c  a11d. are never ,  o r  s k l d o i ~ ,  seen  by d i v e r s .  

i n t e r t i d a l  Fish 2 s  

During t h e  scudy, a t o t a l  s f  27 i n t e r t i d a l  i c h ~ h y o c i d e  s t a t i o n s  was 

coinpleted (Table 4 2 ) .  Eleven f a r ~ i l i e s  arLd 36 spec i e s  of f i s h e s  w e r e  

r ep re sen ted  i n  t hese  c o l l e c t i o n s .  Five taxa XY- re  ~ i o t  i d r n t i f i e d  t o  

s p e c i e s  i e v e l ,  e i t h e r  due t o  t h e i r  smal l  s i z e  and/or  l a c k  of taxonomic 



keys t o  j uven i l e  forms. The f a m i l i e s  of i n t e r t i d a l  f i s h e s  r ep re sen ted  

were Cebidichthyidae,  Cl in idae ,  Co t t i dae ,  Embiotocidae, Gobiesocidae, 

Hexagrammidae, L ipa r id idae ,  Phol id idae ,  Scorpaenidae, S c y t a l i n i d a e ,  and 

. S t i chae idae .  

Co l l ec t ion  sites va r i ed  from smal l  u rch in  dominated pot-holes t o  

r e l a t i v e l y  l a r g e  surge  channels and from water  l e v e l s  as h igh  a s  1 . 2  m (+4.0 f t )  

above zero t o  s i l ls  a t  0 .6  m(-2.0 f t )  below zero.  The number of s p e c i e s  

taken dur ing  c o l l e c t i o n s  v a r i e d  from one (an a t y p i c a l  c o l l e c t i o n  - 2 

c o t t i d s )  t o  23 .  The mean number of s p e c i e s  pe r  s t a t i o n  was 11.44. 

An annota ted  l i s t i n g  of t h e  14 most important  s p e c i e s ,  a s  determined 

by an index  of abundance (Index = number c o l l e c t e d  X frequency of occur- 

rence)  i s  given (Table 42) .  N'otes on seve ra l '  o t h e r  s p e c i e s  considered 

a s  important b u t  w i th  a low index  va lue  a r e  included.  

1. Xiphister atropurpureus - Black pr ick leback .  

The b l ack  pr ick leback  was t h e  most numerous s p e c i e s  taken ,  b u t  second 

i n  terms of frequency of occurrence.  This  f i s h  was taken  a t  a l l  l e v e l s  

of t h e  i n t e r t i d a l  where s u i t a b l e  h a b i t a t  was p r e s e n t ,  rocky s u b s t r a t e  

w i t h  adequate  a l g a l  cover. Xiphister atropurpureus co-occurred wi th  i ts  

only  congener, X.  mucosus, a t  13  s t a t i o n s  (48%),  i n d i c a t i n g  a s i m i l a r  

n i che  p re fe rence  f o r  t h e s e  two morphological ly  s i m i l a r  s p e c i e s .  Xiphister 

atropurpureus is  poss ib ly  adapted f o r  smal le r  pools  and has  a l e s s e r  

space requirement t han  X. mcosus. By s i z e ,  i t  reaches  approximately 

one-half t h e  l eng th  of X. mucosus. 



2. OZ<gocottus s lzyderi  -. F l u f f y  s c u l p i c  . 
This  c o t t i d  was the '  n ~ o s t  f r equen t ly  encc junt~rod  s p e c i e s  (93%) , 

b u t  second numerical iy .  Its preserice i r l  ';he i n t e r t i d a l  should b e  con- 

s ide red  as ubiquito:is. LC of t e n  occclrred i n  r e l a t i v e l y  l a r g e  numbers, 

even i n  sma l l  pools.  !in i n d i v i d u a l  91.6 na (3.7 inciles) T I ,  c o l l e c t e d  on 

Gecember 4 ,  1972, is  the l s r g e s t  known exantpie of t h l s  spec i e s .  

3. Xiphistep mcosuc - Rock prickleback.  

This  spec i e s  i s  an extremely important  i c r e r t i d a l  form and 

r e p r e s e n t s  t h e  l s r g e s t  b&rbivorous f i s 5  co~~ii@ilJ.y encountered a t  t h e  

Mendociizo s tudy  area .  We sre 231e t o  d i s t i n g u i s h  between X. mcosus and 

X.  atropurpureus a s  smal l  a s  20 mn (0.8 inch)  TL, however, i a e n t i z i c a t i o n  t o  

spec i e s  l e v e l  below c h i s  is  e x t r e n ~ l y  d i C f i c u l t .  The l a r g e s t  c o l l e c t i o n  

oI P. m~~oosus was m d e  i n  z surge  cnannel. w i th  rmlcli undercut t ing .  Th i s  

s p e c i e s  appears  t o  feed h e a i l 7  on red a lgae .  

4. 0Zigoc~ t t z . f~  ;n~cuZosus - Tidepool s c u l p i n .  

klrhough t h i r d  nuxerica.i iy,  t h e  t i d e p o o l  s c u l ? i n  was taken l e s s  

Zrequent ly than  such flstles as P,no;;Za~.ehus purptirescel~s, CZinoc~tttis 

globiceps, Oligoec t tus svydsri,  and the two X i ~ h i s t e r  spec i e s .  Its high *' 

ranking i s  p a r t i a l l y  the r e f l e c t i o n  of two l a r g e  c o l l e c t i o n s  (254 and 

128 speclmens) . 
5. AnopZnrchua ptu?purescexs - High rockscomh. 

This  s t i c h a e i d  w a s   rake^‘ i n  l a r g e  nunbers only twice  (39 and 38 

specimens),  hence, i t s  importance i s  norc  a  r e f l e c t i o n  of t h e  frequency 

w i t h  which i r  occl~rred (E=17).  This  s p e ~ i c s  is c a z i l y  d i s t i n g u i s h a b l e  

frorn a l l  o t h e r  C a l i f o r n i a  intertidal s t i c h a e i d s .  I t  i s  o f t e n  taken 

from pools  c~ntair l ' ,ng a r t i c u i z t e d  cztral-l ine a lgae ;  t h i s  f l o r a l  type  

perhaps provid ing  a n i che  f o r  t h e  high cocksconib. 



6 .  Gobiesox maeandricus - Northern c l i n g f i s h .  

The no r the rn  c l i n g f i s h  was seldom taken  i n  l a r g e  numbers, 

t h e  modal number be ing  3.5 f o r  t h e  15 s t a t i o n s  a t  which i t  occurred.  

However, on August 16 ,  1972, one hundred specimens were c o l l e c t e d  

from a r e l a t i v e l y  smal l  su rge  channel,  t hd  v a s t  ma jo r i t y  be ing  

juven i l e s  of between 12.7 t o  15.0 mm (0.51-0.6 inch)  SL.  The importance 

of t h i s  spec i e s  a s  an  i n d i c a t o r  organism should be considered from t h e  

s t andpo in t  of i t s  presence o r  absence wi th  a  l e s s e r  concern f o r  number 

c o l l e c t e d  pe r  s t a t i o n .  

7. L i p a r i s  fZorae - Tidepool s n a i l f i s h .  

A s  w i t h  t h e  previous ly  mentioned s p e c i e s ,  t h e  ti.depoo1 s n a i l -  

CI f i s h  has  adapted t o  i n t e r t i d a l  l i f e  through mod i f i ca t ion  of t h e  

Once t o  p e l v i c  f i n  s t r u c t u r e  t o  c r e a t e  an  a t t a c h i n g  d i s c  f o r  adher, 

s u b s t r a t e .  

8 .  Xererpes f u c o m  - Rockweed gunnel. 

The roclcweed gunnel was c o l l e c t e d  a t  t e n  s t a t i o n s  'with 121  

specimens taken. Two l a r g e  c o l l e c t i o n s  (60 and 18) may have skewed 

t h e  r e l a t i v e  importance of t h i s  s p e c i e s  t o  some degree ,  however, 

t h i s  s p e c i e s  and another  p h o l i d i d ,  Apodichthys fZavidus, a r e  bo th  

important  i n t e r t i d a l  f i s h e s .  

9. Ar ted ius  L a t e r a l i s  - Smoothhead s c u l p i n  

Th i s  s p e c i e s  occurred w i t h  a  r a t h e r  h igh  frequency (52%) b u t  

only twice was i t  c o l l e c t e d  i n  q u a n t i t y  (18 and 1 3 ) .  It mos't o f t e n  

occurred i n  c o l l e c t i o n s  a t  o r  below t h e  ze ro  t i d e  l e v e l .  



10. Apodichthys fZcby<dus - Penpoint  gunnel. 

The penpoint gunnel ,  a long  w i t h  t h e  aforeznentioned Xererpes 

fucorm, were found most o f t e n  i n  pools  c0ntainin.g s u r f  g ra s s ,  

Phylospadix. The penpoint gunnel occurred i i ~  1 3  c o l l e c t i o n s ,  t h r e e  

conta in ing  l a r g e  r,urnl?ers of i n d i v i d u a l s  ( 2 2 ,  21., and 15 ) .  Apodich.thys 

f laoidus and Xere~apes fir.co~"ucn?, a l though morpilologically s i m i l a r ,  

were e a s i l y  d i s t i ngu i shed  a t  spproximate ly  !-5 ma (0 .6  inch)  SL 

based on t h e  s t r u c t u r e  cf t h e  a n a l  sp ine .  

11. Clinocottus gzobiceps - Mosshead s c u l p i n .  

This  s c u l p i n  occurred w i t h  h igh  frequency i-n t h e  I n t e r t i d a l  

(67%), e s p e c i a l l y  i n  t h e  h igher  t i d a l  zone, w i th  ou r  l a r g e s t  c o l l e c t -  

i ons  coming from pools  above t h e  0.5 m (4-2.0 ft) t i d a l  l e v e l .  T h i r t e e n  

specimens of a congener, C. recaluus, were taken a: a s i n g l e  s t a t i o n .  

These two spec i e s  are i ~ n p o s s i b l e  t o  . d i s t i n g u i s h  a t  a sizc l e s s  than  

35 (1 .4  inches)  SL and, hence, a l l  l a r v a l  and j u v e n i l e  specimens of 

t h i s  group were considered a s  a CZinocottus glofiiceps-recaZvus complex. 

12 .  Sebastes meZzfiops - Slack  rock f i sh .  

Large t i d e p o e l s  xay a c t  a s  an i n p o r t a n t  nu r se ry  a r e a  f o r  

j uven i l e  b l ack  r o c k f i s h .  This scorpaenid w a s  t aken  on 1 3  occas ions  

(48X), w h i l e  t h e  b lue  rocl.Eis'n, Sabcrstzs mystlnt~r, was c o l l e c t e d  i n  

only  f o u r  instar ices  (i5%). This  , l i f f e r e n t i a l  ;nay be  due t o  competi- 

t i v 2  exc lus ion ,  o r  s i c ~ p l y  t o . t h e  f a c t  t h a t  t h e  b l ack  r o c k f i s h  is  

much more abundant a long  t h i s  s e c t i o n  of C a l i f o r n i a  coastline. Only 

young-of-the-year f i s h  (of bo th  s p e c i e s )  have been taken i n  t h e  

i n t e r t i d a l .  Larger and o l d e r  individual-s  move i n t o  t h e  sub t i d a l  where 

they  were cornonly observed by our d i v e r s .  



13. Hexagrammos d e c a g r a m s  - Kelp greenl ing .  

The k e l p  greenl ing  appears  t o  u t i l i z e  t h e  i n t e r t i d a l  environ- 

ment dur ing  i t s  e a r l y  l i f e  h i s t o r y .  However, t h i s  spec i e s  may not  be  

a n  o b l i g a t o r y  r e s i d e n t  as smal l  i n d i v i d u l a s  were commonly noted i n  t h e  

s u b t i d a l  by our  d i v e r s .  This  s p e c i e s  and t h e  rock greenl ing ,  H. 

superciZiosusm were t h e  only  two hexagrammids taken i n  i n t e r t i d a l  col-  

l e c t i o n s .  

14. Scorpaenichthys mrmora tus  - Cabezon. 

S i x t y  specimens were taken a t  13  s t a t i o n s  (48%).  These specimens 

ranged from 31.7 t o  267.3 mn (1.3-10.7 inches)  SL, w i t h  t h e  ma jo r i t y  l e s s  

than  100 mrn (4.0 inches)  SL. The cabezon spends i t s  e a r l y  l i f e  h i s t o r y  

i n  l a r g e r  t i d e  pools  a f t e r  a p e l a g i c  ex i s t ence .  Those i n d i v i d u a l s  l a r g e r  

Chan 100 mm (4.0 inches)  SL, taken  from the  i n t e r t i d a l ,  were from r e l a -  

t i v e l y  l a r g e  pools  o r  surge  channels .  Due t o  i t s  somewhat unique l i f e  

h i s t o r y  p a t t e r n ,  t h i s  f i s h  should be  considered a s  an  important  i n d i c a t o r  

spec i e s .  

Other spec i e s :  - 
Of t h e  remaining 22 spec i e s ,  many can b e  cons idered  a s  i n h a b i t a n t s  

of t h e  lower i n t e r t i d a l ,  hence most were taken i r r e g u l a r l y .  

Co t t i d  f i s h e s  of t h e  CZinocottus globiceps-recaZvus complex were 

j u v e n i l e  specimens l e s s  than  35 mrn (1.4 inches)  SL. P r e c i s e  i d e n t i f i c a t i o n  

i s  impossible  between t h e s e  two s p e c i e s  below t h i s  s i z e  and t h e  ma jo r i t y  

of specimens from t h i s  complex i n  a l l  p r o b a b i l i t y  belong t o  CZinocottus 



TABLE 42. I n t e r t i d a l  FlsI ies  Ranked by I n d e x  of Abu~~dance.  - Mendocino 
Power P l a n t  S i t e  - 3 

Rank S p e c i e s  I n d e x  

Xiphiecer atz~opgrxp-oe~~ 

OZi gocot tz~s  s n y d e r i  

3 Xiphis t e r  mucosus 10,914 

ApodichtJys f iauidz~s 

Clinoco t t u . q  g2obicsp.s 

Sebas tea  me Zunops 

Iie.cagrc~r,nus dt? cayrcxmnrs 

Sco~pci.e~Leht:iy~ m ~ ~ n ? ~ i ~ a L x s  

COTTIDAE 



TABLE 42 (cont.) 

Rank S p e c i e s  Iridex 

Sebastes mystinus 

OZigocottus rimensis 

Xiphister spp.  

CZinocottus enbrym 

Artedius hmringto7zi 

ScytaZina cerdaZe 

Liparis rut  t e r i  

Phytichthys chirus 

STICHAEIDAE 

Elnbiotoca ZateraZis 

CZinocottus ~~ecaZuus 

Gibbonsia metzi 

Cebidichthys uioZaceus 

Sebastes rastreZZiger 

Wzophrys bison 

CZinocottus acuticeps 

Sebastes s p p .  

LipaYis fucensis 

Sebastes f Zavidus 



gtobiceps , t h e  mosshead scu lp in .  . 3 
AsceZichthys rhodorus, t h e  r o s y l i p  s c u l p i n ,  considered an uncommon 

Cal i forn ia  f i s h  was taken a t  e i g h t  c o l l e c t i o n  s i t e s  (34%) and may n o t  b e  

a s  uncommon as  p rev ious ly  suspec ted  given t h e  c o r r e c t  environmental  

h a b i t a t .  

ScytaZina cerdaZe, t h e  g rave ld ive r ,  a l though taken on only  two 

occasions may be more abundant than  ou r  d a t a  i n d i c a t e .  This  f i s h  is  

d i f f i c u l t  t o  c o l l e c t ,  and was observed t o  burrow i n  t h e  s u b s t r a t e  a f t e r  

a a  a p p l i c a t i o n  of i ch thyoc ide  (most s p e c i e s  s w i m  t o  t h e  s u r f a c e ) .  The 

g r a v e l d i v e r , a l s o  has very s p e c i f i c  h a b i t a t  requirement;  g rave l  and cobble 

bottom of r a t h e r  s p e c i f i c  s i z e .  

Sebastes rastreZlige12, t h e  g r a s s  r o c k f i s h ,  a l though c o l l e c t e d  only 

twice,  would b e  expected f rom t h e  lower i n t e r t i d a l  and was a  s p e c i e s  

taken w i t h  some r e g u l a r i t y  by a n g l e r s  f ishi izg i n  c h i s  zone. 
3 

s u b t i d a l  F ishes  

S i x  s u b t i d a l  f i s h  c o l l e c t i n g  s t a t i o n s  ranging  from 7.9 t o  15.3 m (26.1-50.1 

f t )  i n  depth were completed dur ing  our  s tudy  (Table 4 3 ) .  The numbers of f i s h  

taken pe r  s t a t i o r i  were 15,  265, 531, 12,  24  and 7 5  - t h e  s p e c i e s  number 

per  s t a t i o n  ranged from 5 t o  28. 'Thirty-eight s p e c i e s  of f i s h e s  w e r e '  

c o l l e c t e d  w i t h  t h r e e  of t h e s e  b ~ i n g  taken i n  a l l  s i x  c o l i e c t i o n s  (Artedius 

harringtoni, Hemi Zepidotus 'sp in~aus, and L i p a r i s  fuccvsis) . Conversely , 
16 s p e c i e s  were taken a t  on ly  one s l t e  perhaps i n d i c a t i n g  t h a t  a d d i t i o n a l .  

s u b t i d a l  c o l l e c t i n g  would y i e l d  more s p e c i e s .  Secondly, t h e  dominance of 

a  few s p e c i e s  is  ind ica t ed .  C o ~ t i d  f i s h e s  were t h e  dominate group w i t h  1 3  



s p e c i e s  represented  from t h i s  family;  numer ica l ly ,  587 of t h e  922 s u b l i t t o r a l  

f i s h e s  were c o t t i d s  (64%). Other important  ' s u b l i t t o r a l  f a m i l i e s  included:  

Agonidae, f o u r  s p e c i e s  and 16 specimens; L ipa r id idae ,  four  s p e c i e s  and 128 

specimens; Scorpaenidae,  f i v e  spec i e s  and h9 specimens; S t i chae idae ,  t h r e e  

s p e c i e s  and 101  specimens. 

The seven most common s p e c i e s  of s u b l i t t o r a l  f i s h e s  a r e  discussed 

below: 

, 1. ZemiZepiclotus sp inosus  - ~rb-m I r i s h  l o r d .  

A t o t a l  o f  232 brown I r i s h  l o r d  w a s  taken. This  f i s n  was t h e  dominant 

s p e c i e s  taken i n  fou r  of t h e  s i x  c o l l e c t i o n s ,  be ing  second i n  t h e  o t h e r  two 

c o l l e c t i o n s .  The brown I r i s h  l o r d  occurs  occas iona l ly  i n  t h e  low i n t e r t i d a l ,  

b u t  i s  n o t  a t r u e  p a r t  of t h a t  f a u n a l  assemblage. Its congener, H. hernilcpi- 

dotus,  t h e  red  I r i s h  lot-d, was n o t  taken a t  any of ou r  s u b l f t t o r a i  c o l l e c t i n g  

sites al though a s i n g l e  specimen of  approximately 250 mm (10 inches) TL w a s  co l -  

lected by cne of our  d i v e r s  dur ing  a reconnaissance survey.  The absence cf the r ed  

I r i s h  l o r d  from our ich thyocide  c o l l e c t i o n s  cannot b e  expla ined;  however, i t  

would b e  p red ic t ed  t h a t  t h i s  s p e c i e s  would b e  taken  i f  a d d i t i o n a l  c o l l e c t i o n s  

were made. 

2 .  A ~ t e d i u s  h n r r i n g t o n i  - Scalyhead scul-pin . 
Second numerical ly ,  t h i s  c o t t i d  a l s o  occurred a t  a l l  s i x  s t a t i o n s .  

Although the  t o t a l  number of A. harrirzgtor2.i was very  c l o s e  t o  B. sp inosus  

(229 vs .  232),  t h e  l a r g e  c o l l e c t i o n s  of t h i s  form from two s t a t i o n s  (102 

and 109) may s l i g h t l y  skew t h e  r e l a t i v e  impcrtance of t h e  scalyhead scu lp in .  

Ce r t a in ly  though, i t  must b e  cons ider rd  a s  one of t h e  s u b l i t t o r a l  f i s h e s  

of major importance. A s  w i t h  H .  spinosus,  A ,  h n r r i n g t o n i  i s  occasiona1:y 

taken from t h e  low i n t e r t i d a l ,  howaver, n s i t h e r  of t h e s e  f i s h e s  a r e  t r u l y  

i n t e r t i d a l  forms. This  c o t t i d  fs probably one of the s c u l p i n s  commonly 

observed by our  d i v e r s w h i c h  a r e  recorded a s  "Artedius-type c o t t i d " ,  i t s  



sma l l  s i z e  and s u p e r f i c i a l  s i m i 1 a r i . t ~  t o  o t h e r  c o t t i d s  .p rec luding  p o s i t i v e  . 3  
underwater i d e n t i f i c a t i o n .  When c o l l e c t e d ,  t h e  o rang i sh  c o l o r a t i o n  of t h e  

b ranch ios t ega l  reg ion  on t h i s  b e a u t i f u l  f i s h  provides  a n  e x c e l l e n t  c h a r a c t e r  

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

3. L i p d s  fucsnsis - S l i p s k i n  s n a i l f i s h  

Of f o u r  s p e c i e s  of s n a i l f i s h e s  c o l l e c t e d ,  L. fxcensis was t h e  only 

common s u b l i t t o r a l  form. The o t h e r  t h r e e  s p e c i e s ,  L. fZorae, t i d e p o o l  

s n a i l f i s h ;  L. mucosus, s l i ~ n y  s n a i l f i s h ;  and L. r u t t e r i ,  r i n g t a i l  s n a i l f i s h ,  

occurred i n  low numbers; however, L. fiiucosus was taken a t  t h r e e  s t a t i o n s  

(50%). Eco log ica l ly ,  L. fZorae is a form adapted t o  i n t e r t i d a l  l i f e ,  

wh i l e  L. fzdcensis and L. mucosus a r e  c e r t a i n l y  s u b l i t t o r a l  spec i e s .  The 

status of L. ru t t e r i  is u n c e r t a i n  b u t  i t s  abssnce from s u b l i t t o r a l  col- 

1ecti.ons and i t s  occurrence from two i n t e r t i d a l  s i t e s  would i n d i c a t e  i t  

t o  b e  ar, uncommon element of the. i n t e r t i d a l  fa-ma.  The l a r g e s t  c o l l e c t i o n  

of L. fucorlsis w a s  made a t  a s i t e  i n  which sand composed a  s u b s t a n t i a l  

p a r t  of t h e  s u b s t r a t e .  

4 .  D~ i ro  Zophis nugator - Mossheac! warbonnet 

The mosshead warbonnet w a s  rhe most important  of fou r  s p e c i e s  of 

s t i c h a e i d  f i s h e s  from t h e  s u b l i t t o r a l .  This  s p e c i e s  was n o t  c o l l e c t e d  

from t h e  i n t e r t i d a l  and would no t  be  expected from t h a t  zone i n  t h e  

Po in t  Arena a rea .  As w i t h  L. fucensis, t h e  s l i ~ s k i n  s n a i l f i s h ,  t h e  

g r e a t e s t  c o l l e c t i o n  of C. nugator was from t h e  s t a t i o n  w i t h  sand s u b s t r a t e .  

However, t h e  d i s t i n c t i v e  p a t t e r n  and c o l o r a t i o n  of t h i s  s p e c i e s  would 

sugges t  t h a t  i t  occurs  i n  a l g a e  covered o r  i n v e r t e b r a t e  enc rus t ed  sub- 

strate. 



6d TABLE 43. F i shes  Col lec ted  a t  S i x  S u b t i d a l  S t a t i o n s .  Mendocino 
Power P l a n t  S i t e .  March 1972 through A p r i l  1973. 

Species  . Sum Freq . Index S i z e  Range 
mmSL 

. AGONIDAE - a 
Anunody t e s  hexapterus 

Anop Zagonus inermis 

Anop Zarchus s p . 
Artedius coral Zinus 3 2 6 ' 23.3 - 59.4 

Artedius coraZZinus-ZateraZis . 3 1 3 10.2 - 19.6 
complex 

Artedius fenestrazis 26 ' 4 104 18.7 - 51.9 

Artedius hurringtoni 2'29 6 1374 13.1 - 63.8 

b .  Artedius Zat era Zis 1 1 1 26.1 

AsceZichthys rhodorus 1 5  3 45 20.2 - 78.2 

Bothragonus swanii 13 2 26 20.8 - 49.9 

GRiZara tay Zori 3 1 3 86.7 - 95.6 

Chiro Zophis nugat or 6 7 4 268 28.9 - 97.1  

Citharichthy s stigrnaeus 10 1 10 36.3 - 99.6 

Coryphopterus nichoZsii 1 1 1 26.1 

COTTIDAE - B . 
Enophrys bison 

Gobiesox maeandricus 

Hemi Zepidotus spinosus 

Hezagrannos decagranm 

Jordania zonape 

G, ~ i p a r i s  f Zorae 



TABLE 43 (cont.) 

Species Sum Freq. Index Size Range 
mmSL 

Liparis fucensis 

Liparis mucosus 9 3 27 14.4 - 51.5 

Liparis r u t t e r i  

Liparis spp. 

Nautichthys ocuZofasciatus 3 1 3 25.3 - 52.9 

O q  Zebius pictus 2 1 2 48.0 - 57.0 

PaZZasina barbata a ix  , 1 1 1 52.3 

Pho Zis schuZtzi 10 2 20 34.1 - 47.1 

Phy tichthys chirus 2 1 2 34.9 - 82.6 

Rhamphocottus richardsoni 5 3 15 20.5 - 3 7 . 0 ,  

Scorpaenichthys marmoratus 11 3 3 3 35.8 -224.0 

3 

Sebastes chrysome Zas 1 1 1 58.4 

Sebas t e s  f Zavidus 15 ' 2  30 48.6 - 61.0 

Sebastes meZcmops 

Sebastes mystinus 

Sebastes pinniger 

Synchirus g i  Z Z i  7 1 7 27.5 - 41.9 

AGONIDAE - a : This specimen is  c u r r e n t l y  being analyzed and may 
represent  an undescribed spec ies .  

COTTIDAE - 6 . :  These n ine  specimens rep resen t  a spec ies  new t o  
the  Ca l i fo rn ia  marine ichthyofauna. 



5 .  J o r d a n i a  zonope - Longfin s c u l p i n  

This  c o t t i d  occurred  a t  four  s t a t i o n s .  A t  two sites i t  c o n s t i t u t e d  

a s u b s t a n t i a l  p a r t  of t h e  c o l l e c t i o n s ;  10 of 24 specimens (42%) and 12 of 

75 specimens (16%). The d i s t i n c t i v e l y  co lored  l o n g f i n  s c u l p i n  w a s  observed 

by d i v e r s  on s e v e r a l  occasions.  

6 .  Ar ted ius  fenestraaZis - Padded s c u l p i n  

This  s p e c i e s ,  a long  w i t h  Avtedius ha r r ing ton i ,  t h e  scalyhead s c u l p i n ,  

is .one of  t h e  small c o t t i d s  coinmonly observed by our  d i v e r s  and ca t egor i zed  

as "Artedius-type co t t i d" .  Although taken  i n  r e l a t i v e l y  small numbers, . the 

padded s c u l p i n  occurred  a t  f o u r  s t c t i o n s  (67%). A c l o s e l y  r e l a t e d  c o t t i d ,  

Ar t ed ius  notospiZotus,  t h e  bonyhead s c u l p i n ,  was n o t  co l l ec t ed , a l though  i t  

would be  expected from t h e  s tudy  a r e a .  

7. Anop Zarchus s p  . - Cockscomb 

AnopZarchus purpurescsns,  t h e  h igh  cockscomb, i s  a common member of 

t h e  i n t e r t i d a l  fauna and t h e  occurrence of a r e l a t i v e l y  l a r g e  number of 

AnopZarchus (28  of 531 specimens o r  5%) from one of our deeper c o l l e c t i o n s  

is  of i n t e r e s t .  These s u b t i d a l  AnopZarchus have been compared w i t h  t h e  

i n t e r t i d a l  A. purpurescens and morphological d i f f e r e n c e s  have been noted .  

Diver-Observed F i shes  

Approximately 40 spec i e s  of f i s h e s  were observed dur ing  d iv ing  opera- 

. t i o n s  a t  t h e  Mendocino s tudy  a r e a  (Tables  44 & 45).  It should b e  r e a l i z e d  

t h a t  c e r t a i n  d i f f i c u l t i e s  are inhe ren t  i n  a t tempt ing  t o  i d e n t i f y  f i s h e s  

underwater. Although such forms a s  t h e  cabezon, l i ngcod ,  and ke lp  g reen l ing  

a r e  q u i t e  e a s i l y  recognized, a number c f ' o t h e r  forms a r e  not  s o  r e a d i l y  

d i s t i ngu i shed .  Many of t h e  rockf . i shes ,  Sebns tes  spp. ,  are q u i t e  s i m i l a r  and 
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TABLE 4 5 .  Percent  Frequency of Occurrence of Some Diver Observed Fishes  by Depth and Oceanographic 

Period*-Mendocino Power P l a n t  S i t e  - September 1971 through November 1972. 

Davidson Upwelling Oceanic To ta l s  
S c i e n t i f i c  Name 

rnARHICHADIDAE 

. AnarrhichthysoceZZatus 0.0 0.0 0.0 0.0 5 . 3  0.0 0.0 0.0 0.0 0.0 2.7 0.0 

3 OTHIDAE 

Unident if ied 0.0 0.0 0.0 0.0 0.0 0.0 1-6.7 0.0 16.7 3 .7  0.0 5.3 

CLUPEIDAE 

CZupea harsngus paZZasii 0.0 0.0 0.0 0.0 5.3 0.0 0.0 0.0 0.0 0.0 2.7 0.0 

. Enophrys bison 0.0 0.0 .O.O 
Jordania zonope 0.0 20.0 0.0 
Scorpamichthys marmoratus 0.0 60.0 0.0 
Synchirus g i  2 2.i 0.0 0.0 0.0 
Unident if ied.  0.0 80.0 100.0 

EMBIOTOCIDAE 

DamaZichthys vacca 0.0 0.0 0.0 
Embiotoca ZateraZ-is * 100.0 0.0 0.0 
Hyperprosopon axgentem 0.0 0.0 0.0 
Rhacochi Zus toxotes 0.0 O.'O 0.0 

GASTEROSTEIDAE 

AuZorhynchus fZavidus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.7 0.0 0.0 2.7 0.0 
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TABLE 45 (cant ) 

S c i e n t i f i c  Name Davidson Upwelling. Oceanic ' T o t a l s  

. Depth Zones ** I I1 111 I 11 111 I I1 111 I I1 111 

STICHAEIDAE 

CrziroZophis nugator 
. Unident if ied 

TOTAL STATIONS 1 5 2 15  19 11 6  1 3  6  1 27 37 19 

* Both s tudy areas  combined. 
** Depth Zones 

I = 2.4 - 7 .6  m 
I1 = 7.9 -15.2 m 
111 =15.6 -22.9 m 



exac t  i d e n t i f i c a t i o n  i s  cnly  p o s s i b l e  i f  t h e  d i v e r  can observe t h e  f i s h  3 
c l o s e l y ,  p a r t i c u l a r l y  j u v e n i l e s ,  no t ing  eT. thc~ a c l ~ a r a c t e r i s t i c  behavor ia l  

p a t t e r n  o r  d i s t i n c t i v e  colora. t ion.  Cotti .ds and t l enny  - type f i s h e s  

(S t ichae idae  and Phol id idae)  a r e  o f t e n  i n p o s s i b l e  t o  i d e n t i f y  underwater 

and t h e i r  p o s i t i v e  d e t e r c ~ i n a t i o n  i s  only  p o s s i b l e  a f y e r  microscopic 

examination. Generally the d i v e r s  cncou.~ter?d xotc  f i s h  dur ing  t h e  

Upwelling and Oceanic '?erioJs (Table 45) .  . 
Thi r t een  f a m i l i e s  a r e  r ep re sen ted  a s  di-qer-ahserved f i s h e s :  

Anarhichadidae, Botiiidae , Cl<.nidsc, C l u p ~ i d a e ,  Ccmidae ,  Embiotocidae, 

Gas t e r c s t e i d a e ,  Gobiesocidae, Gobiidae, Ecxagra~m~idne ,  L ipa r id idae ,  

Sccrpaenidae., and S t i chae idae .  Of t I ~ e s e ,  four  f a m i l i e s  con ta in  s p e c i e s  

which a r e  considered as commonly observed,  T5cse f i s h e s  a r e  r e f e r r e d  t o  

as "macro-fishes" due t o  t h e i r  l a r g e  s i z e  r e l a t i v e  t o  t h e  t o t a l  f i s h  

popula t ion  i n  t h e  s u b l i t t o r a l  c o ~ m u n i t y ,  The four  primary diver-observed 

f a d l i e s  a r e  considered belox:  

Cot t idae .  Numerous sma l l  c o e t i d s  were encountered dur ing  our  under- 

water  surveys  ; t h e  ma jo r i t y  i d e n t i f i e d  only ar; "unde~ermined c o t t i d "  o r  

I1 " i lrtediz~s-type . A s  i n d i c a t e d  zbove, 'it is  i~npo.ssible  t o  p o s i t i v e l y  

i d e n t i f y  smal l  forms un le s s  they  a r e  c o l l e c t e d  sat1 examined microscopir ,a l ly ,  

sma l l ,  d i s t i n c t i v e  ?SI.LJS were encolmteered which cannot be confused 

w i t h  o the r  s p e c i e s ;  Jordaiain zgnope, t h e  l o n g f i n  s c u l p i n ,  was noted s e v e r a l  

t imes and Synchirus  gi l l ; ,  the manacled s c u l p i ~ i ,  w a s  observed on Nereocys t i s  

s t i p e s  on s e v e r a l  occas ions ,  Of t h e  l a r g e  c c t t i d s ,  two l a r g e  s p e c i e s  were 

observed . 
1. Enophrys b i son  - t h e  S u f f a l o  s c u i p i n .  

A c o t t i d  which reaches  36.5 cm (14.6 i n c h e s ) ,  a l though a very  c r y p t i c  

3 form was noted s e v e r a l  t imes. It was usua1l.y completely exposed, r e s t i n g  on t h e  



s i l c s t o n e  s u b s t r a t e ,  appa ren t ly  depending upon i ts  shape and c o i o r a t i o n  

f o r  p ro t ec t ion .  Most were observed i n  shal low depths of 2 .4  - 7.6 m 

(7.9-25.1 f t ) .  

2 .  Scorpaenichthys marnoratus - cabezon. 

Cabezon were commonly observed and should be  considered a s  one of 

t h e  important  s u b l i t t o r a l  f i s h e s .  They were an  omnipresent s p e c i e s ,  

a l though n o t  seen  i n  l a r g e  numbers. Only a d u l t  cabezon were observed,  

w i t h  some i n d i v i d u a l s  probably weighing i n  excess  of t e n  pourids. Cabezon 

were commonest i n  mid-depths of 7.9 - 15.2 m (26.1-50.1 f t ) .  

Embiotocidae. Five s p e c i e s  of su r fpe rches  were observed, b u t  only 

t h e  s t r i p e d  su r fpe rch ,  Embiotoca ZateraZis, and t h e  p i l e  su r fpe rch ,  

Damalichthys vacca, were noted c o n s i s t e n t l y .  The former was t h e  more commm 

spec ie s .  Surfperches w e r e  s een  p r i m a r i l y  i n  k e l p  beds ,  occu r r ing  up i n  

t h e  water  column. Surfperch  were most o f t e n  observed i n  t h e  cove i n  

shal low water .  

Hexagrammidae. Four s p e c i e s  of hexagrammids were noted: l i ngcod ,  

Ophiodon elongatus; k e l p  g reen l ing ,  Hexagrammos decapamus; rock greenl ing ,  

Hezagramnos superciZiosus; and t h e  pa in t ed  greenl ing ,  OxyZebius pictus. 

With t h e  except ion  of t h e  pa in t ed  g reen l ing ,  t h e  o t h e r  s p e c i e s  a r e  important  

t o  t h e  s p o r t f i s h e r y .  The l ingcod and k e l p  g reen l ing  were commonly encounter  

ed dur ing  our underwater surveys.  The rock g reen l ing ,  no t  observed w i t h  

r e g u l a r i t y ,  is  more common i n  t h e  shal low s u b l i t t o r a l .  The l ingcod and 

ke lp  g reen l ing  were o f t e n  observed i n  p a i r s  and t h r e e s ;  bo th  s p e c i e s  were 

more f r e q u e n t l y  observed a t  mid-depth and deep s t a t i o n s  (Table 45). The 

rock  greenl ing ,  when seen ,  was almost always s o l i t a r y .  

Scorpaenidae. Eleven s p e c i e s  of r o c k f i s h e s ,  genus Sebastes, were 

observed, t h r e e  commonly: t h e  b l u e  r o c k f i s h ,  Sebastes mystinus, b lack  



r o c k f i s h ,  Sebastes rnelmops; and ro&kfi .shes of the  ye l lowta i l -o l ive  group, 3 
Sebas t e s  f Zavidus-ser:q~-r,oiGes complex. Blue and b l ack  r o c k f i s h e s  were 

o f t e n  noted i n  r e i a t i v e i v  1-arge numbers w i t h  both  juven i l e s  and a d u l t s  

'occurr ing.  For t h e  mast p a r t ,  f i s h e s  of s i m i l a r  s i z e  groups schooled 

toge the r .  J u v e n i l e s  w e r e . o f t e n  a s s o c i a t e d  w i t h  t h e  bottom w h i l e  a d u l t s  

occupied p o s i t i o n s  thr071gllc~t t h e  water  colurLln. It was i r r~possible  t o  

d i s t i n g u i s h  between j u v e n l l s  y e l l o w t a i l  and o l i v e  r o c k f i s h e s  underwater,  . 
hence, t h e s e  two spec i e s  a r e  t r e a t e d  as a co~nplex. Szbastes cm.atus,  

S. chrysome las, S .  nehu Losus, 5'. maliger, and S.  ras tre l  Ziger a r e  bas ic -  

a l l y  s o l i t a r y ,  bottom-dwelling s p e c i e s  and were noted much less f requent -  

l y  t han  t h e  schooling ty ;~cs .  Sebixstes minictCus and S. piznigel?, known 

c o l l e c t i v e l y  a s  "red rockf i sh"  by a n g l e r s ,  were observed s e v e r a l  t imes.  

These two s p e c i e s  a r e  r e f e r r e d  t o  a s  "bct toz- type" f i s h e s ,  however, we 

have always noted thein a s  occu r r ing  from several t o  poss ib ly  3 m (10 f t j  

c f f  t h e  bottom. Rockf-ishes i n  gene ra l  a r e  an  e x t r e ~ n e l y  i-mportant com- 

ponent of t h e  s u b l i t t ~ ~ h l  environment and f i s h e s  of t h i s  group would b e  

expected t o  be  encountered dur ing  any d i v e  a t  t h e  Mendocino Power P l a n t  

s i t e .  

.FOOD ;!&I7 STUDTES OF SELECTED FLSH 
. . 

Prepared by Gary D. Parrerls and Danie:. W .  Go t sha l l  

. . .  
Pre l iminary  f i s h  food h.2bi.t: s t u d i e s  i n  t h e  Poin t  Arena Area 

(Gotsha l l  et a1  1972) i n d i c a t e d  t h e  p o s s i b i l i t y  of u s ing  some f i s h  a s  

b i o l o g i c a l  samplers and t c  de t e rmi~ le  food webs. Therefore,  s t u d i e s  were 

expanded t o  I 4  of t h e  Elore abundant carn ivorous  f i s h  spec i e s .  

>!ethods 

Stomachs of f i s h e s  c o l l e c t e d  from the s k i f f  and p a r t y  boc t  f i s h e r y  3 
and Chem-Fish c o l l e c t i o n s  i n  t h e  P o i n t  Arena Cove a r e a  were used i n  t h e  



study.  Each f i s h  was i d e n t i f i e d  and i ts  s tandard  l eng th ,  t o t a l  l eng th ,  

weight ,  s ex ,  d a t e  and l o c a t i o n  of cap tu re  recorded.  The stomachs were 

then  removed and preserved  i n  10% formalin o r  70% i sop ropy l  a lcohol .  

Stonach con ten t s  were examined under a  d i s s e c t i n g  microscope and then  

t r a n s f e r r e d  t o  40% i sop ropy l  a l coho l  f o r  permanent s to rage .  The organ- 

isms were measured, counted, and volume of .d isp lacement  determined i n  

a graduated cy l inde r .  Organisms found i n  t h e  mouths and t h r o a t s  of t h e  

Xish were d iscarded .  

Resu l t s  

RCI ckf i s h  

Copper r o c k f i s h  - Sebas t e s  ca-minus. Of 35 copper r o c k f i s h  stomachs 

c o l l e c t e d ,  s i x  were empty (Table 46) bu t  t h e  o t h e r s  contained 1 7  d i f -  

L, 
f e r e n t  types  of animals.  The t h r e e  most f r equen t ly  observed were 

Octopus apo ZZggn, c rabs  (mostly Cmcar  o~>zgonens i s )  , and u n i d e n t i f i e d  

f i s h .  It is i n t e r e s t i n g  t o  n o t e  t h a t  we r a r e l y  observed e i t h e r  t h e  

octopus o r  t h e  crab i n  s u b t i d a l  surveys,  because bo th  a r e  very c r y p t i c ;  

t hus ,  t h e  copper r o c k f i s h  may s e r v e  a s  a b i o l o g i c a l  sampler f o r  t hese  

Black r o c k f i s h  - Sebas t e s  rnehnops. Th i r t een  stomachs were 

examined and four  were empty (Table 47).  The s tomachs~con ta ined  a t  

l e a s t  seven d i f f e r e n t  types of an imals .  Sa lps ,  SaZpa sp . ,  were most f re- 

quen t ly  observed animals and made up most of t h e  volume. 

' Grass rock f i sh  - Sebas t e s  'pas treZZiger.  This  f i s h  i s  one of t he  

most important  l a r g e  p reda to r s  found i n  t h e  shal low waters ( i r i t e r t i d a l  

t 0 7 . 6  m (25  f t )  i n  Poin t  Arena Cove. We fiave c o l l e c t e d  and examined n ine  

stomachs, two of which were empty (Table 48) . L,oxorhynchus c r i s p a t u s ,  



TABLE 46. Frequency af  Occurrence, N u d e r  and Volume of 18 Food 

Items i n  Corper Rockfish Stomachs - llendocino Power 

P l a n t  S i t e  - '1972. ' 

Food Item Number of stomachs Nunb e r  Volume 
conta in ing  i t e m  of i tems - ------..--.--* -------- - (ml> 

cu Z.Ziostoma s p .  I 

Lo Zigo opaZescens+ 4 

Octopus apoZZyon I0 

A3THROP OIIA 

Cancer oregonezs6s 9 

Carrcsr s p  . 5 

Crag0 sp. I 

PanclaZus d,~nau3 1 

Pe t r o  Zis t hes eriomerus 1 

7 - +  1 Spiront tcmus b r e i r h  ,, ,2 U S  1 

IJnident i f i a d  crab 3 

Unideritif i e d  Mysidae 2 

Unident i f ied  shrimp 5 

EC;TOPROCTA 

Unident i f i e Q  2 

GIOKCATA 

EnpauZio rzord& 

Hemilepidot-xs spinosus 

Sebastes s p .  

Unident i f ied  f i s h *  



TABLE 46. ( c o n t , )  

Food I tem Number of stomachs Number Volume 
con ta in ing  i tem of i tems (Dl) 

MISCELLANEOUS 
- ,  

TOTAL NUMBER OF STOMACHS EXAMINED 35 

8UMISER EMPTY 6 

+ Some of t h e s e  may be  b a i t .  
* Seve ra l  stomachs contained only  o t i l i t h s  o r  o the r .bones ,  

r e s u l t i n g  i n  a  lower t o t a l  volume than  would b e  expected.  
NC Not countable .  



TABLE 47 .  Frequency o f  'Occurrence,  Number and Voll1rr.e of E i g h t  Food 

Items i n  Black Rockf i sh  Stomachs -. >fz~..tiocino Power P l a n t  

S i t e  - 1972.  

Food I t e m  Number of stomachs Number Volume 
c o n t a i n i n g  i t e m  of i t e m s  ----- - (ml> 

ANNELIDA 

U n i d e n t i f i e d  polycizaet 1 1 1 . 0  . 
ARTHROPODA 

Cancer magis t e r  * 
U n i d e n t i f i e d  amphipod 

U n i d e n t i f i e d  c r u s t a c e a n  m a t e r i a l  1 1 0 . 5  

Unident i f  Fed i sopod  l 1 <0.5 

U n i d e n t i f i e d  shr imp 

CflORIIATA 

Sebastes s p .  

U n i d e n t i f i e d  s a l p s  

1fI S CELLANEOUS 

TOTAL NUMBER OF STO!%ICHS EX4MINEl-l 13 

NUMBER EMPTY 4 

* megalops 

NC-not c o u n t a b l e  



TABLE 48. ~ r e ~ u e n c y  of Occurrerice, Number and Volume of  S i x  Food 

I t e m s  i n  Grass Rockf i sh  Stomachs - Mendocino Power 

P l a n t  S i t e  - 1972. 

Food I t e m  iiumber of stomachs . Number Volume 
c o n t a i n i n g  i t e m  o f  i t e m s  

MOLLUS CA 

Lo Zigo opaZescens* 1 1 2.5 

AR'THROP ODA 

Cmcer productus 1 1 1.0  

Lomrhynchus cr ispatus  2 4 24.0 

U n i d e n t i f i e d  b a r n a c l e  

U n i d e n t i f i e d  decapod 

CHORDATA 

bi Sebastes s p .  

U n i d e n t i f i e d  f i s h  

MIS CELLANEOUS 

TOTAL NUMBER OF STOYACHS EXAMINED 9 

NUMBEX EMPTY 2 

*Probably b a i t  



t h e  masking crab ,  con t r ibu ted  t h e  h i g h e s t  volume, 24.0 m l ,  wh i l e  j u v e n i l e  

r o c k f i s h ,  Sebastes spp. w e r e  t h e  n o s t  f r e q u e n t l y  observed food i tem. 

Miscellaneous rock f i sh .  A few stomachs have been c o l l e c t e d  from gopher 

rock f i sh  ( I ) ,  y e l l o w t a i l  rock f i sh ,  S. flavidxs (1); q u i l l b a c k  r o c k f i s h ,  

S. maliger (1) ;  canary rock f i sh ,  S. pinniger ( 2 ) ;  and o l i v e  r o c k f i s h ,  

S. serranoides (1) (Table 49).  ~ e . c a ~ o d  m a t e r i a l  was t h e  most common 

food i tem i n  a l l ,  except  f o r  t h e  o l i v e  r o c k f i s h ,  which contained two 

f i s h  genera,  t h e  P a c i f i c  sand l a n c e ,  Annodytes hexapterus; and Sebastes 

spp. Ammodytes sp .  con t r ibu ted  t h e  l a r g e s t  volume, 17 ml,  and Sebastes 

spp. was t h e  most f r equen t ly  observed food i t e n  i n  t h e  o l i v e  r o c k f i s h  

stoniachs. The s i n g l e  q u i l l b a c k  r o c k f i s h  stomach examined contained one 

u n i d e n t i f i e d  shrimp and sei7en nematodes, which were probably paras i te ' s .  

Cancer oregonensis con t r ibu ted  t h e  h i g h e s t  volume and t h e  l a r g e s t  number 

of i n d i v i d u a l s  i n  t h e  gopher r o c k f i s h  stomach examined. Both canary 

r o c k f i s h  stomachs c o l l e c t e d  were empty. The y e l l o w t a i l  r o c k f i s h  examined 

contained one euphausid and one mysid, b u t  u n i d e n t i f i e d  c rus tacean  

m a t e r i a l  con t r ibu ted  t h e  l a r g e s t  volume. 

Co t t i d s .  

Cabezon - Scorpaen-tchkhys rncrrmoratus. - A l l .  1 4  of t h e  cabezon 

stomachs examined contained food; 2 2  types  of animals were i d e n t i f i e d  

(Table 50) .  Cancer c rabs  con t r ibu ted  t h e  l a r g e s t  volume, 99.5 m l ,  and 

were t h e  most f r equen t ly  observed organisms. The l a r g e s t  number of 

any one spec i e s  observed was the octopus,  Cctopus apoZZyon.. 

Brown I r i s h  l o r d  - - HefiriZepidotus spinosus. Twenty-nine brown I r i s h  

l o r d  stomachs were examined, one of which was empty (Table 51) .  Eighteen 



TABLE 49. Frequency of Occurrence, Number and Volume of Food Items i n  Five Species  of Rockfish 

Stomachs - Mendocino Power P l a n t  S i t e  - 1972-73. 

Rockfish Food ' i t e m  Number of stomachs Number Volume 
conta in ing  i t e m  of i tems (ml> 

Gopher rock f i sh  Cancer oregonensis  1 2 2.0 

Cazcer sp.  1 1 0.5 

Unident i f ied  c o t t i d  o r  agonid 1 .  1 1.0  

Unident i f ied  polychaet  1 1 <O. 5 

To ta l  numbem: of stomachs examined 1 

Number empty 0 

Yel iowta i l  rock f i sh  Unident i f ied  euphausid 1 

Unident i f ied  mysid 1 

Unident i f ied  c rus tacean  m a t e r i a l  1 

Tot a1 number of stomachs- -examined 1 

Number empty 

Quil lback r o c k f i s h  Unident i f ied  nematodes 

Rock 1 

T o t a l  number of sto~liachs examined 1 

Number empty 0 





TABLE 50. Frequency of Occurrence, Number and Volume of 20 Food I tems . 

i n  Cabezon Stomachs - Mend~cino Power P l a n t  S i t e  - 1972. 

Food i t e m  Number of stomachs . Number Volume 
conta in ing  i tem of i tems (ml> 

COELENTERATA 

Abietinaria sp .  

SertuZareZZa sp.  

MOLLUS CA 

CaZZiostoma costatwn 

&sinus Zuteopictus 

HaZtotis sp .  . 
Octopus apo Z 2. yon 

Unident i f ied  eu lamel l ibranchs  

ARTHROPODA 

Cancer rmtennavius 

Cancer jordani 

Cancer oregonensis 

Cmcer sp.  

ChthamaZus s p  . 

Pagzlious s p .  

Petro Zisthes eriomerus 

Scyra acutifrons 

Spirontocaris sp. 

Unident i f ied  crab 

Unident i f ied  c r u s t a c e a  



TABLE 50. (cont . ) 

Food item Nurnbzr of stomachs Number 
containing item of items 

Volume 
( d l  

ECTOPROCTA 

Unidentified 3 

Apodichthys f Lavidus 1 

Unidentified fish 3 

Unidentified stichaeid 1 

MIS CELTANEOUS 3 

TOTAL NUMBER OF STOMACHS EXAMINED 14 

NUMBER EMPTY 0 

* Most remains consisted of beaks. 
NC Not countable. 



TABLE 51. Frequency of Occur rence ,  N ~ m b e r  and Volume of 17 

Food I t e m s  i n  BrcTm I r i s h ' L o r d  Stomachs - Mendocino Power 

P l a n t  S i t e  - 1972-73. 

Food i t e m  Number o f  stomachs Number Volume 
c o n t a i n i n g  i t  ern of i t e m s  (ml) -- 

NEMATODA 1 2 

P o l y c h a e t  s p i c u l e s  

U n j d e n t i f l e d  p o l y c h a e t s  

MOLLUS CA 

Margmitzs s p .  

Octopus apoZZyon beaks  

Smal l  t r o c h o i d  gas t ropod  

I, U n i d e n t i f i e d  c h i t o n  

AKTHROPODA 

Cancer productzls 

Cancer s p .  

Idothea sp.  

Pagurus sp .  

Petro Zis thes cinctipes 

Pugetia s p  . ( j  u v e n i l e )  3 

S q r a  s p .  ( j u v e n i l e )  1 

U n i d e n t i f i e d  c a r i d  4 .  

U n i d e n t i f i e d  c r u s t a c e a n  remains  8 

U n i d e n t i f i e d  gammarid 5 

U n i d e n t i f i e d  i s o p o d  ( ~ o s s .  p a r a s i t i c  1 
g i l l  i sopod)  



TABLE '51 (cont . ) 

Food item Number of stomachs Number Volume 
containing item of items (ml) 

Unidentified fish 

MISCELLANEOUS 

TOTAL NUMBER OF STOMACHS EXAMINED 

NUMBER EMPTY 



C/ food items from f i v e  phyla were observed. Small s i z e  and p a r t i a l  

d iges t ion  of food items made s p e c i f i c  i d e n t i f i c a t i o n  d i f f i c u l t .  There- 

fo re ,  un iden t i f i ed  crustacean remains were t h e  most f requent ly  observed 

food i tems and represented t h e  h ighes t  volume. Of t h e  i d e n t i f i a b l e  

- food i tems,  Cancer spp. was observed i n  t h e  g r e a t e s t  number of stomachs 

and gammarid amphipods contr ibuted the  l a r g e s t  number of individuals .  

Two nematodes were observed i n  one stomach. 

Smoothhead scu lp in  - Artedius ZateraZis: Twelve snoothhead scu lp in  

.stomachs were examined, none of which w e r e  empty (Table 52) .  Thir teen 

food items from four  phyla w e r e  observed. Co t t ids  contr ibuted t h e  great-  

est volume of food, 38%. PetroZisthes c inc t ipes ,  porcela in  crab, was t h e  

most common food i t e m  a t  t h e  gener ic  l eve l .  It was found i n  t h e  most 

stomachs and was t h e  main food i t e m  by volume a t  25 m l .  It i s  i n t e r e s t i n g  

t o  n o t e  one smoothhead scu lp in  stomach contained 23 p a r a s i t i c  g i l l  isopods. 
+ 

Longfin scu lp in  - Jordania zonope. Eleven longf in  scu lp ins  were 

co l l ec ted  from a  depth of 6.1-9.1 m (20-30 f t )  during a  Chem-Fish c o l l e c t i o n  

i n  Apr i l  1973. Of t h e  11 stomachs, two were empty (Table 53). S i x  types 

of animals from t h r e e  phyla w e r e  observed and gammarids contributed t h e  

h ighes t  volume, l a r g e s t  number of individuals ,  and was t h e  most f requent ly  

observed food i t e m .  

F luffy  scu lp in  - Ozigocottus snyderi.  Eight l a r g e  f l u f f y  sculpins  

were examined and a l l  of t h e  stomachs contained. food i t e m s  (Table 54).  

Gammarids w e r e  t h e  most common i d e n t i f i a b l e  organisms. The stomachs of 

these  f i s h  were riot f u l l  and most of t h e  organisms were p a r t i a l l y  d iges ted;  

over h a l f  of t h e  stomach contents  by volume were un iden t i f i ab le .  



TABLE 52. Frequency of Occurrence, Number and Volume of 13 

Items in Smoothhead S c u i p i l l  Stomachs - 14endocino Power Plant 
Site - 1972-73. 

Food it'em Number of stomachs Number Volume 
containing item of items 

ANNEL IDA 

Unidentified nereid 

ARmROPODA 

PetroZisthes cinctipes 

Spirontocaris brevirostr is  

Unidentified crab 

Unidentified crustacean remains 1 

Unidentified gammarids 3 

Unidentified parasitic gillisopods 1 

MOLLUS CA 

CaZZiostornu sp. . '1 

CHORDATA 

Lipmis  sp. 1 

OZigocottus macuZosus 1 

OZigocottus rimensis 1 

Unidentified cottid 2 

Unidentified fish 3 

TOTAL NUMBER OF STOMACHS EXAMINED 12 

NUMBER EMPTY @ 



b TABLE 53. Frequency of Occurrence, Number and Volume of Five Food 

Items in Longfin Sculpin Stomachs - Mendocino Power Plant 
Site - 1972-73. 

Food item Number of stomachs Number Volume 

1 containing item of items (mi> 

COELENTERATA 

Unidentified hydroid 

a . Polychaet segments 

Polychaet setae 

ARTHROPODA 

Idothea s p .  1 1 ~0.5 

Unident5fied gammarid 

d, . MISCELLANEOUS 

TOTAL NUMBEK STOMACHS EXAMINED 

NUMi3ER EMPTY 



TABLE 5 4 .  Frequency of Occurrence, Nunber and Volume of Five Food Items 

in Fluffy S c ~ l l p L i l  Stomachs - i.Iendocino Power P l a n t  Site - 1972-73. 
3 

Food item . Number of stomachs . Number Volume 
contqining item of items 

ANNEL IDA 

Polychaet setae 2 NC - 
Unidentified polychaet 

ARTHROPODA , 

Spirontocaris sp. 

Unidentified decapod material 

Unidentified gammarids 

Unidentified pycnogonid 

MISCELLANEOUS 

TOTAL NUMBER OF STOMACHS EXAMINED 

NUMBER EMPTY 



CI Miscellaneous Fish 

Northern c l i n g f i s h  - Gohiesox naclemdricus. None of t h e  f i v e  north- 

e rn  c l i n g f i s h  stomachs examined w e r e  empty (Table 55). Two phyla w e r e  

represented,  Mollusca and Arthropoda. Limpet, Acmaea spp., s h e l l s  were 

, observed i n  every stomach and four  chitons,  Ischnochiton sp.  (?), were 
I 

1 .  obtained from two stomachs. Volumes w e r e  not  taken on t h e  l impets 

because the  s h e l l s  would not  give an accura te  determination. Small 

I - kelp crabs,  Pugettia spp., obtained from one of t h e  c l i n g f i s h  w e r e  t h e  

only represen ta t ive  Arthropods. 

Penpoint gunnel - Apodichthys fZattidus. Four penpoint gunnel stomachs 

were examined; none were empty a n d ' a l l  of them contained l a r g e  numbers 

of Gamaridea (Table 56). The second most common food i tem was juveni le  

Cancer spp. ( f i r s t  i n s t a r  s tage) .  These crabs w e r e  observed i n  two of 

t h e  stomachs. Arthropoda was t h e  only phylum represented.  

Discussion 

Our r e s u l t s  show t h e  importance of crustaceans,  molluscs and small  

f i s h  i n  t h e  d i e t  of t h e  f i s h  s tudied.  Sixty  -seven percent  df t h e  food 

items w e r e  crustaceans represent ing 42% of t h e  t o t a l  volume. Molluscs 

accounted f o r  15% of t h e  t o t a l  numbers and fo r  18% by volume. Fish a s  

food items accounted f o r  12% of t h e  t o t a l  number of  itenls and 26% of t h e  

t o t a l  volume. Together, these  t h r e e  groups comprise 94% of t h e  t o t a l ,  

number and 86% of t h e  t o t a l  volume of animals found i n  t h e  stomachs 

of t h e  s e l e c t e d  f i s h .  These r e s u l t s  genera l ly  agree with o ther  s t u d i e s  

about t h e  feeding h a b i t s  conducted on t h e  same species .  



TABLE 55. Frequency of Occurrence, N u d e r  and Volume o f  Seven Food 

I ter~is  i n  Norchern C l i n g f i s h  Stonachs - Mendocino Power 

P l a n t  S i t e  - 1372-73. 

Food i t em Number of stornachs Number Volume 
con ta in ing  i tem of i tems . '  (ml) 

Acmaeidae ( s h e l l s  only)  

CoZZise ZZa ~irnatuia s h e l l s  

CoZZiseZZa scabra s h e l l s  1 

ischnochiton sp.  2 

My ti zus caZifornianus 1 

AIZTHROPODA 

Pugettia graci Zis -riciz<i complex 1 

Chit inous remains (possi-bly shrim?) 1 

TOTAL NUMBER OF STOMACHS EWWNED . . 5 

NLTT4BER EMPTY 0 



TABLE 56. Frequency of Occurrence, Number and Volume of Nine Food 

I t e m s  i n  Penpoint Gunnel Stomachs --Mendocin0 Power P lan t  

S i t e  - 1972-73. 

Food i t e m  Number of stomachs Number Volume 
containing items of items (ml) 

Cancer sp. ( f i r s t  i n s t a r )  

Idothea sp. 

Pagwzcs sp. 

Pugettia sp. 

Spirontocaris brevirostr is  

Unidentif ied crabs (prob . 
Pachygrapsus s p  . ) 

Unidentif ied 'crustacean mate r i a l  

Unidentif ied gammarids 

Unidemtified shrimp 

TOTAL NUMBER OF STOMACHS EXAMINED 

NUMBER EMPTY 



Arthropods made up t h e  l a f g e s t  p a r t ,  by volume, of t h e  d i e t  of copper 

r o c k f i s h  taken a t  P t .  A r ~ n a .  F i shes  and m o l l u s c s ,  i n  t h a t  o rde r ,  followed 

i n  importance. The most important  copper r o c k f i s h  food i t e m  was t h e  c r ab  

genus Cancer which comprised 35% of t h e  d i e t .  Th i s  a g r e e s  w i t h  ano the r  

s tudy  on 241 copper r o c k f i s h  taken i n  Humboldt Bay (P r ince  1972).  I n  

P r i n c e ' s  s tudy  t h e  most important  i n d i v i d u a l  food i t e m s  were Cancer 

magister wi thsa  percent  f requency of occurrence of 31.4, and garnmarid 

amphipods (percent  f requency of occurrence of 28.4). Gammarid amphipods 

d i d  n o t  appear i n  any of t h e  P t .  Arena copper r o c k f i s h  stomachs. 

The presence  of Octopus appozyon i n  some of t h e  stomachs i s  s i g n i f i -  

can t  i n  t h a t  a thorough i n t e r t i d a l  and s u b t i d a l  s tudy  of t h e  a r e a  where 

t h e  f i s h e s  were c o l l e c t e d  revea led  none of t h i s  spec i e s .  

The cons ide rab le  v a r i a t i o n  i n  t ypes  of food i t e m s  (17) i n d i c a t e s  . 

t h a t  t h e  copper r o c k f i s h  is '  an o p p o r t u n i s t i c  f i s h  w i t h  g e n e r a l  f eed ing  

h a b i t s  and t h e r e f o r e ,  i t s  d i e t  should change seasona l ly .  The copper 

r o c k f i s h  examined i n  t h i s  s tudy  were c o l l e c t e d  only  du r ing  June and Ju ly .  

I f  c o l l e c t i o n  had cont inued throughout t h e  yea r ,  t h e  d i e t  may have shown 

g r e a t e r  v a r i a t i o n .  

No p e l a g i c  j u v e n i l e  cabezon were c o l l e c t e d  and t h e  demersal j u v e n i l e s  

and a d u l t s  from which stomachs were obta ined  ranged i n  s i z e  from 64 mm (2.6 

inches)  t o  535 mm (21.4 inches)  SL. Again, c r abs  were t h e  most important  food 

i tem (60% of t o t a l  d i e t  by volume) and Cancer sp .  accounted f o r  78% of t h e  c r a b s  

p re sen t .  I n  an  e a r l i e r  food h a b i t s  s tudy on cabezon, O'Connell (1953), found 

t h a t  c r abs  a r e  t h e  most i r lportant  i t em i n  terms of frequency of occurrence  i n  

t h e  d i e t  of cabezon and Carzer spp. were t h e  most f r e q u e n t l y  observed 

s i n g l e  genus. O'Connell r epo r t ed  s e v e r a l  o t h e r  c r ab  s p e c i e s  i n c l u d i n g  9 



Scyra, Pachygrapsus., and Pagums ( a l l  of which were p r e s e n t  i n  t h e  

stomachs of cabezon we examined) and poin ted  out  t h e  importance of 

f k s h  a s  a  d i e t a r y  i tem f o r  j u v e n i l e  cabezon. While t h i s  s tudy  d i d  no t  

s e p a r a t e  t h e  cabezon i n t o  j u v e n i l e  and a d u l t  f i s h ,  t h e  importance of 

t i d e p o o l  f i s h  a s  a d i e t a r y  i tem was apparent .  E ight  pe rcen t  of t h e  

food i tems  examined i n  t h i s  s tudy  were f i s h e s .  Most of t h e s e  f i s h e s  

were u n i d e n t i f i e d ,  due t o  advanced s t a t e s  of d i g e s t i o n ,  though 

Apodichthys fZavidus end one s t i c h a e i d  were found. 

Our d a t a  on t h e  f l u f f y  s c u l p i n  ag rees  f avo rab ly  wi th  s i m i l a r  

q u a n t i t a t i v e  s t u d i e s  done by Nakamura (1973) and Johnson (1954). 

These papers  noted gammarids a s  one of t h e  most s i g n i f i c a n t  food i tems  

and d iscussed  i n  d e t a i l  a l l  t h e  food i tems  w e  examined except  Pycnogonida, 

which was n o t  mentioned i n  e i t h e r  paper a s  a  food item. 





per iod  one h a l f  hour be fo re  s u n r i s e  t o  o n e , h a l f  hour a f t e r  sunse t .  I n  

a d d i t i o n ,  aba lone  f ishermen,  s k i f f  fishermen and p a r t y  boa t  fishermen were 

in te rv iewed as t i m e  permi t ted  on days n o t  included i n  t h e  random sampling 

p lan .  

Data c o l l e c t e d  from.each f isherman inc.luded a r e a  and hours  f i s h e d ,  

numbers of each  s p e c i e s  captured ,  and t o t a l  l e n g t h s  of each s p e c i e s  

(abalone-shel l  l e n g t h s ) .  Abalone fishermen were a r b i t r a r i l y  s epa ra t ed  

i n t o  two ca t egor i e s :  shorepicker  and sk ind ive r .  I f  a n  aba lone  fisherman 

.was wearing a neoprene s u i t  (and a l l  of t h e  fol lowing:  f a c e  p l a t e ,  weight  

b e l t ,  and s w i m  f i n s ) ,  h e  was c l a s s i f i e d .  a s  a s k i n d i v e r ,  a l l  o t h e r s  were 

considered shorepickers .  

W e  recorded t h e  num5er of f i s h i n g  po le s .u sed  by s k i f f  and p a r t y  boa t  

fishermen s i n c e  catch-per-uni t -of-effor t  c a l c u l a t i o n s  a r e  based upon 

catch-per-pole-per-day o r  hour ,  r a t h e r  thzn  p e r  man. T o t a l  numbers of 

each type  of fisherman were t a l l i e d  f o r  each random sanipling day, as w e l l  

-as f o r  some of t h e  non-random days. T o t a l  e f f o r t  f o r  t h e  yea r  w a s  ca l -  

c u l a t e d  from mean numbers of  f ishermen on weekends and ho l idays ,  and 

weekdays m u l t i p l i e d  by t h e  number of p o s s i b l e  days occu r r ing  dur ing  ti le 

year .  

Resu l t s  

Abalone 

General ly  t h e  r e d  abalone s p o r t f i s h e r y  o p e r a t e s  i n  a r e a s  which, 

because of t u r b i d i t y  and surge ,  are not ,  a c c e s s i b l e  t o  o u r  s u b t i d a l  

sampling: roughly 0.6 t o  6.1 m (2 .1-20 .1  f t ) .  Thus t h e  catch-per-unit-of 

e f f o r t  d a t a  will se rve  a s  an index of abundance f o r  t h i s  very  important zone. 



Abalone fishermen \;st-? in te rv iewed a t  t h r e e  s e p a r a t e  access  p o i n t s :  

Po in t  Arena Cove, al:c: t h e  t p j o  rancnes immediste1.y sou th  of t h e  cove 

(F igure  9 ) .  Because of a l a c k  of manpower and f i s h i n g  e f f o r t ,  we d iscont inued  

r e g u l a r  sampling at t h e  ranches  a f t e r  J u l y  1972. The a r e a  sou th  of t h e  p i e r  

and a t  t h e  two ranches was considered Sbuth Control ;  t h e  s h o r e l i n e  n o r t h  of 

t h e  p i e r  was c l a s s i f i e d  a s  t h e  Cen t r a l  Area. 

From March through t h e  end of December 1972 we in te rv iewed 499 shore-  

p i cke r s  and 108 s k i n d i v e r s  i n  t h e  Cen t r a l  Area (Table 57) .  These fishermen 

had c o l l e c t e d  1885 and 454 red  abalone r e s p e c t i v e l y .  The h i g h e s t  ca t ch  r a t e s  

occurred i n  J u l y  f o r  t h e  sho rep icke r s  and i n  J u l y  and October f o r  t h e  sk in-  

d ive r s .  The c a l c u l a t e d  t o t a l  e f f o r t  f o r  t h i s  a r e a  amounted t o  1179 shore-  

p icker  days and 154 sk ind ive r  days. 

The South Control Area y i e l d e d  a h ighe r  nurnber of i n t e rv i ews ;  1246 -& 

sho rep icke r s  and 279 s k i n d i v e r s  (Table 58) .  T h e i r  combined ca t ches  

amounted t o  6676 abalone.  Because we d i d  not  sample t h e  two ranches 

f o r  t h e  e n t i r e  per iod  we have c a l c u l a t e d  t h e  t o t a l  f i s h i n g  e f f o r t  on ly  f o r  

t h e  fishermen u t i l i z i n g  t h e  south  cove where au es t ima ted  458 sho rep icke r s  

days and 215 sk ind ive r  days were expended. General ly ,  t h e  catch-per-unit-  

o f - e f f o r t  was h igher  i n  t h e  South Cont ro l  Area than  i n  t h e  C e n t r a l  Area. 

I n  1972 t h e  l eng th  f r equenc ie s  were no t  s e p a r a t e d  f o r  abalone taken 

from n o r t h  of  t h e  p i e r  and south  of t h e  p i e r  i n  Arena Cove. The l e n g t h s  

were kep t  s e p a r a t e  f o r  Arena Cove and t h e  two sou the rn  ranches (F igure  10 ) .  

The mean and modal l eng ths  f o r  abalone f o r  t h e  cove were 195.3 and 200 mm 

(7.8 and 8.0 inches)  r e s p e c t i v e l y .  Mean and modal l e n g t h s  f o r  t h e  abalone from 

t h e  two ranches were 194.0 and 190.0 mm (7.7 and 7.6 inches)  r e s p e c t i v e l y .  A s  

might b e  expected, a t  lower t i d e s  l a r g e r  abalone w e r e  taken.  T h i s  becomes 

apparent  i n  comparing t h e  modal l eng ths  f o r  each oceanographic per iod .  



FIGURE 9 .  Abalone S p o r t f i s h i n g  Areas - ;Iendocino Power P l a n t  S i t e .  



TABLE 57. Lumber and C?t-ch-:'is r.-LJni t-of--Eff o r t  ol: RE :i AEalone 
Taken by S L I O ~ E ? ~  cKers alld S k i 3 d i v e r s  - S o i ~ t h  
Cont ro l  Area - b!eridnr,Fno P o ~ ~ c x  P l a n t  SLtt :  - 1972. 

Shorepickers  ---- 

March A p r i l  May Jute J u l y  Aug. Sep t .  O c t .  Nov. Dec. T o t a l s  --- -.- 

Number of 
r ed  aba lone  419 255 4207 269 283 0 0 0 0 1 0  5443 

Number of 
fishermen 108 5 1  954 61  70 0 0 0 0 2 1246 

Hours 201.9 106.3 2114.4 109.3 1.34.5 0 0 0 0 3.0 2669.4 

Abalo~le 
pe r  day 3.9 5.0 4.4 4.4 4.0 -- -- -- -- 5 .o 4 .4 

Abalone 
p e r  hour 2.1 2.4 2.0 2 .5  2 .1  -- -- -- -- 3.3 2 .O 

. 
Sk ind ive r s  

Number G£ 

red  abalone 378 75 750 30 30 0 0 

Number of 
fishermen 88 1 5  164 6 6 0 0 

Hours 165.8 17 .5  362.3 7.0 11 .8  0 0 

Abalone 
per day 4.3 5.0 4.6 5.0 5.0 -- -- 
Abalone 
p e r  hour 2.3 4 .3  2 .1  4 .3  2.5 -- -- 



TABLE 58. Number and Catch-Per-Unit-of-Ef f o r t  of Red Abalone 
Taken by Shorepickers  and Skindivers  - 
Cent ra l  Area - Mendocino Power P l a n t  S i t e  - 1972. 

Shorepickers  
March A p r i l  May June J u l y  Aug. Sept .  Oct. Nov. Dec. T o t a l s  

Number of 
red  abalone 7 9 48 1263 141  183 0 0 0 8 1  90 1885 

~ G b e r  of 
fishermen 2 8 1 3  295 34 43 .O 0 6 29 5 1  49 9 

Hours 60.9 32.1 597.3 57.5 41.0 0 0 6.0 62.5 119.0 9763 

Abalone pe r  
fisherman 2.8 3.7 4.3 4 .1  4.3 -- -- 0.0 2.8 1.8 3. S 

Abalone p e r  
hour 1 .3  1.5 2.1 2.4 4.5 -- -- 0.0 1 . 3  0.8 1.9 

Skindivers  

Number of 
red  abalone 1 3  7 20 9 1  40 55 35 0 1 0  27 3 9 454 

C/ Number of 
fishermen 3 5 6 20 8 11 7 0 2 8 11 108 

Hours 47.5 10.8 35.4 11.0 12.0 17.0 0 2.0 18.0 24.5 178.2 

Abalone pe r  
fisherman 3.9 3 .3  4.6 5.0 5.0 5.0 -- 5.0 3.4 3.5 4.2 

Abalone 
p e r  hour 2.9 1 .8  2.6 3 .6  4.6 2.1 -- 5.0 1 .5  1.6 2.5 



TABLE 59. Num5?r ?.?(I r.~i-:il-?er-Ijnit.-c~f-Ef f ,-t of Red Abalone Taken by 
Sh0repi,:1-~>1-c; and Skinrlivers -. CI:lif:ra? a;ld South Cont ro l  Areas - 
Nen(;,~cji-.:) ~ :~, i~ , - r  Pla~7.t Site - 19;  3 .  

3 

Cen t ra l  Area South Cont ro l  Area 
Sho r e p i c k e r s  

--*< .,me--- 

- A p r i l  May T o t z l  ------- A p r i l  May T o t a l  

Number of r e d  abalone 304 336 6 40 185 143 328 

Number of f ishermen 6 7 78 14.5 42 3 1  7 3 

Hours 172.2 163.2 335.4 90.0 65.0 155.0 

Abalone per  fisherman 4.5 4.3 4.4 4.4 4.6 4.5 

Abalone per  hour 1.8 2.1. 1 .9  2.1 2.2 2.1 

SkLndivzrs 
-*- -- 

Nunber of r ed  abalone 114 194 306 278 185 463 

Number of f ishermen 23 47 70 56 42 9 8 

Hours 

Abalone per  f ish,erman 

Abalone per  hour 2.0 1 . 8  l . 9  2.2 2.0 2.1 



0 = Arena Cove 

A = Bigelow and S o l d a n i  
Ranches: n e x t  a c c e s s  
p o i n t s  s o u t h  of 
Arena Cove 

LENGTH I N  PPf (5 ~~ groups)  

FIGURE 10. Length F r e q u e n c i e s  of Red Abalone - C o l l e c t e d  by S p o r t f i s h e r m e n  - 
Mendocino Power P l a n t  S i t e  ,- Davidson C u r r e n t  P e r i o d ,  December 1971 - 
March 1972.  



During t h e  David so-I Cur ren t  P e r i o d  of D ~ ~ c t ~ . - s c ~ ~  197 1 tlzrough >larch 

72 ,  t h e  lowes t  ticic cri.uri-ence on a ~ a : y l i l - ;  (!:iT- 2 s  -0.2 m (-0.66 f t )  3 
on March 18 a9d 13, t h ~  x ~ ~ d a l  a b a l o n e  l e n g t h  f s r  t h i s  p e r i o d  was 190 mm 

(7 .6  i n c h e s )  ( F i g u r e  11) . 'The l o w e s t  t i d e  on a a ~ . ~ i ~ p l i n g  day d u r i n g  t h e  

Upwelling P e r i o d  was -0 ,6  m (-2.0 f t )  on May 14; in f a c t ,  a l l  o f  t h e  t i d e s  

on sampling days  d u r i n g  rhi s p e r i o d  f e l l  below - 4 . 3  In (-1.0 f  t )  . The p r i n -  

c i p a l  modal a b a l o n e  l e n g t h  d u r i n g  t h i s  p e r i o d  was 205 mm ( 8 . 2  i n c h e s )  (Fig- 4 
u r e  12) .  During t h e  0cea:li.c and  e a r l y  Davidson P e r i o d s  of t h e  w i n t e r  of 

C 

1972-73, maximum low t i d e s  on  sampl ing  days  wzrr --0.4 m (-1.3 f t )  and  -0.6 m 

(-2.0 f t )  r e s p e c t i v e l y ;  p r i n c i p a l  modal langths  were  185 mm (7 .4  i n c h e s )  

and 205 mm (8 .2  i n c h e s )  r e s p e c t i v e l y  ( F i g u r e  1 3 ) .  

During A p r i l  and 2k.y 1373 we a g a i n  i n t e n i c x ~ e d  a b a l o n e  f i shermen ,  

p r i m a r i l y  t o  de te rmine  differences e x i s t e d  i n  s izes  of r e d  a b a l o n e  

from t h e  North  Cove (Cnx-,~ral Area) and  South  Covc (Sou th  C o n t r o l  Area) .  

A t o t a l  o f  218 s h o r e p i c k e r s  and 169 s k i n d i v e r s  were  i n t e r v i e w e d  

3 

d u r i n g  f i v e  days  of sampl ing ( T a b l e  5 3 ) .  The s h o r e p i c k e r s  c a t c h  c o n s i s t e d  

of 968 r e d  aba lone  f o r  a n  a v e r a g e  catch-per-f isherman of 4.4 r e d  aba lone ;  

s k i n d i v e r s  averaged 4 . 6  r e d  a b a l o n e  p e r  d i v e r .  Lengths  of 1092 r e d  a b a l o n e  

were r e c o r d e d  ( F i g u r e  14) .  Red a b a l o n e  c o l l e c t e d  by s h o r e p i c k e r s  and s k i n -  

d i v e r s  i n  t h e  Sou th  C o n t r o l  Area were  l a r g e r  than t h o s e  h a r v e s t e d  in. t h e  

C e n t r a l  Area.  The mean f o r  the. South C o n t r o l  and C e n t r a l  Areas  were  200.6 

and 205.5 mm ( 8 . 0  and  8 . 2  t n c h e s )  and 195.8 and 200.2 mm ( 7 . 8  and  8.0 i n c h e s )  

r e s p e c t i v e l y  f o r  s h o r e p i c k z r s  and s k i n d i v e r s  c a t c h e s  ( T a b l e  6 0 ) .  S k i n d i v e r s '  

c a t c h e s  g e n e r a l l y  were  l a r g e r  i n  b o t h  areas. 

A n a l y s i s  o f  t h e  1973 s h e l l  l e n g t h  d a t a  was conducted by Eugene Witeck,  

O p e r a t i o n s  Research Branch, t o  d e t e r m i n e  i f  t h e  observed  d i f f e r e n c e s  were  

s i g n i f i c a n t  . 3 



LENGTH I N  Eli$. (5 mm groups)  

FIGURE 11. Length F r e q u e n c i e s  of Red Abalone - C o l l e c t e d  by S p o r t f i s h e r m e n  -- 
Mendocino Power P l a n t  S i t e  - Davidson Current  P e r i o d ,  December 1971 - 
?"larch 1972 .  



LENGTH I N  MM. ( 5  mm groups)  

FIGURE 1 2 .  Length Frequenc ies  of Red Abalone - C o l l e c t e d  by S p o r t f i s h e r m e n  - 
Mendocino Power P l a n t  S i t e  - Lpwel l ing  P e r i o d ;  Hay-July 1972.  3 



160 173 180 i90 200 2 220 230 

Davidson Cur ren t  P e r i o d :  December 1972. 

LENGTH I N  P.m. (5 mm groups)  

PlGURE 13 .  Lengtlls of Red Abalone - C o l l e c t e d  by Spor t f is l lermei l  -- iIendocino 
Power F l a n t  S i t e  - Oceanic P e r i o d ,  Scpt  enil~er-~~ovc:~~it,cr 1 9 7 2 ;  and 
Davidson C u r r e n t  P e r i o d ,  Deceinber 1972.  



FIGURY 14.  Lengths  of Red Abalone - C o l l e c t e d  by S p o r t f i s h e r m e n  - 
Mendocino Power P i a n t  S i t e  - A p r i l  - May 1973.  



TABLE 60. Comparison of mean l e n g t h s  of r e d  abalone taken by sho rep icke r s  

and s k i n d i v e r s  from North and South Arena Cove - Mendocino 

Power P l a n t  S i t e  - A p r i l  - May 1973. 

-- 
Sample s i z e  Mean l e n g t h  (mrn) Standard d e v i a t i o n  

--.. 

North Cove 

Shorepickers  

. Skindivers  

T o t a l  

South Cove 

Shorepickers  1 6  3 

Skindivers  314 

Tot a 1  4 77 



i n  t h e  s t a t i :  ~i cc:j. ~ , : ; r l y s i s  of the abalu:~~:  ; ,.l.:-t _t!ls obta ined  by 

1 isherlil~rl in th.. tr - c-c JJ 2 c7 i-zas, ,In a17,LLysi. 1 - 1  :i L?nl:c ~nodcl. u s i n g  2 

2 X 2 f a c t o r i a l  2csigm r7ns used. The f i r s t  facto-c cons i s t ed  of t h e  two 

coves, North and Soiii.b, w h i l e  t h e  second factcir  co, ls is ted of t h e  two 

f i s h i n g  methods, slii11(2 i-.,.:rs arid sho rep icke r s  . '30 rh f a c t o ~ r s  were con- 

s i d e r e d  a s  f i xed ,  t h a t  is, they  were th? onLy c k f e c t s  cons idered  and 

were n o t  s e l e c t e d  from 3 group of p o s s i b l e  e f f e c t s .  Due t o  t h e  unequal 

sample s i z e s  i n  each of che four  subc la s ses ,   ti^ f a c t o r s  o r  e f f e c t s  had 

t o  b e  ad jus t ed .  The rc,;aLts a r c  contained i n  t h e  a n a l y s i s  of va r i ance  

t a b l e  (7-5le GI ) ,  c~nd ?z2 a l s o  l i v e n  below, 

The i n t e r a c t i o n  anf.1 i w G  I a c t o r  terms c ~ i  c~11.y be t e s t e d  a g a i n s t  t h e  

e r r o r  term, the w i t i ~ i ~ l  na..lpln_s (w i th in  each of L ~ C  fou r  subc la s ses )  mean 

square.  The in ic rnc t - i  ir, n o t  s-Lt:n ~f i ~ a n t  . -LILI:  two faclrors, coves and 

f i s h i n g  mcthods, are b d i h  t ~ i g h l y  s i , g ~ i f i c a n t ,  w . ~ i c l ~  m a n s  t h a t  red  abalone 

from t h e  South Co ;e il~irl. t-;~osc. t aken  by skim?-i\lei ; i n  both  ilrcas were 

s i g n i f i c a n t l y  l a r s e r  than l e d  aSaloncs Fro n CL=lrr:ral Area o r  t hose  

taken  by shorepj-cliers . 





':Sot tonif i.sh --- -. - . - .. . 

ti r e i a t i v e . l y  o : ; ~ : ~ l . l  : : i a r i f L  f i s h e r y  !>.as opci-'it ;d c : ; t  of  P o i n t  Arena 

Cove s i n c e  t h e  1 9 5 0 ' s .  R e n t a l  s l c i f f s  arc launclicd o f f  t h e  p i e r  and p r i -  

vare s k i f f s  from t h e  be'ich \lcrring t h e  laf e s p r f  7,;. siJmr.cr and ear1.y f a l l .  

Most o f  t h e  f ishernicn d i  ::-ct t h e i r  e f f o r t s  tog:,yd.; t-hq ins l lo re  reef 

f i s h e s  w h i l e  v e r y  1 F t t  1e I- E f o r t  i s  d i rec tc .d  t:r~,::.r:lf; t i:olling f o r  s a l m o t ~ .  

Most f i s h i n g  t a k e s  p1.ai.e rrc:n Point Arena sout'b Lo Saunders  Reef i n  d e p t h s  

r a n g i n g  from about  1.5.2 ts b8 .8  m (50.1-161.0 ft) , 

We i~z te rv iewel l  i 2 3  z k i  Cf f i sher inen Tzom ~Li;i- tl~r'cjugh September;  t h e i r  

c a t c h  c o n s i s t e d  o f  873 f i s h  (Table  62 ) . Lin ;,:I?:' ( 2 1 . 5 % )  , b l a c k  rockEi.;h 

(23.22) ,  and coppcr r i ~ ~ : i L ; . ~ ~ l  (1P .2 .X)  were t l l r ?  ' - ! i c v : ~  I-ost ccnmonly caught  

of tile 19 s p e c i e s  i d . m  tj.f it:d Catc'l-pa: -hou: ,:.,ii.;i:~~rl from a low o f  0. 88 

f l s ? ~  i n  .Tune t o  :i ?;.i..gb, L) t' ? . 5 4  f i s h  i n  higus t:, 

'!:he r:onth.l:;r ce.tich ra::e.; of pz . r ty  Po22 ~ ~ . S I : C L . . -  ..,, ! ~ . n  [ l id  not:  d i f f e r  si.gn.1.E- 

3 

ic~ilL1.y froin t h o s e  of LIic' 5 :kiff  i i ~ l l e ~ i n z t i  as .s.2-:1. i.n T a b l e  6 3 .  A ::ota.l. of 

I - I  c a t c h - ~ e r - h o u r  rate of  2 , 0 4  fis5. ('2abl.c 6 4 ) .  iile i:hree mclst abundant: 

f i s h e s  i.n t h e  p a r t y  hoar': c..:t.:.-.lles were b l a c k  b-,-~c!;l:ish (39.0), copper  rock-  

f  is11 (1.1,0%) , and 1.i.ngcod ( 3 . 8 X )  . G e n z r a l l y  , r:l~.c.. :>arty b o a t  E i shed  w ~ s t  

o f  P o i n t  Arena i n  d e p t h s  0; :  22.9  LC 4 8 . 8  m ( 7 : ; , h ~ ~ X t . ~ l , O  ft) and this probab ly  

a c c o u n t s ,  i n  p a r t ,  f o r  'ii?r. di.f f e r e n c e  i n  s p e c i e s  c..s.;!!p~siti~)n. 

I n  o r d e r  t o  have con.Cidence :in u s i n g  o u r  sp?cic?s ~ o m p o s ~ i t i o n  and , 

catch-per-uni t -of-ef  f o r t  d s  t a  t o  d e t e c t  chpnges i n  i n s h c r e  r e e f  f i s h  

p o p u l a t i o n  that might b e  caused by the c o n s t r u c t i o n  a n d  o p e r a t i o n  oE a 

eower p l a n t ,  i t  i s  n e c e s s a r y  t o  know ~hc;her ti,,. d a t a  h a s  s t . a b i 1 i . t ~ .  
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. . t3ro~n1 itj.sae si:ci .i? \-:.:;: c.?L K : . . .-., L;zco;:dcti a< C:ubc.i-dnl S t a t i o n s  - 
30 m2 Arcs Cer,-~1:al. ;\:.ea -. X ~ ~ l d ~ i j r i o  Fower P h n t  S i t e  - 
January throrlgh l.!;;rrch 15 72. 

S t a t i o n  n u ~ b c l - c  an2 nun:ber of orgarrisms observed 
C e n t r a l  Arc3 h'ortll C o ~ l t  t 01 Area 

7 L  1 7 3  206 232 327 31.3 2 6 3  53 

&GAE : 

Y tiAEOPHYTA 

Cy s toseira  os~i~u.y1ducca 15 

Dicty oneu~om ca Zi fo~z '  b c 3 ~ z  2 5 

Lamitmria se tche Z Z i i  1 

Pterygophora caZ<J"omien 1 

IN'?EI'.TEBFlhTES : 

PORTFE:U 

HaZlclona s p .  

Yethy a a u r m t i a  

U n i d e n t i f i e d  

CCE1,ENTERATA 

Abit? t i nar ia  s p  . 
An khop Z e ~ l r n  artemt.s ia 

Ant-hop Zeuxw. xajz-li~ografi~7iica 

BaZanophy ZZia e Zegans 

Corynact is caZi forniea 

Fpiaotis p ~ o l i f e r a  

Tea Lia spp. 



APPENDIX 111 (Cont.) 

Station number ~ n d  number of organisms observed 
Central Area  North Control Area 

74 1.73 206 232 327 313 263 53 

ANNELIDA 

Diopatra omata 

Unidentified Sabellids 

MO1,LUS CA 

Acmaea mitra 

Astraea sp. 

CaZZiostoma spp. A 

Ceratostoma foZiatwn 4 

Cqp-bochiton s t ~ Z Z e r i  

Diodora aspera 1 

Pusinus harfcrdi 

HaZiotis kan1tsc;2atkccza 1 1 

HaZiotis rufescens 13 

HaZiotis waZZalensis 

Iiinnites muZtirugosus 

TeguZa brunnea A 

Thais emarginatct 1 

Tonice ZZa Zineata A A 

Unidentified hphineura 

Unidentified Opisthobranchia P 

Unidentified Pholadidae 



S:tat:ion num1,ers and  nunher  of org;anisms observed  
Central  Area Worth C o n t r o l  Area  

74 1 7 3  206 232 ----------- - 327 313 263 53 --------- 

AKTHROP ODA 

Crangon s p .  

Loxorh9nchus crispatus 

Pagurus s p p .  

Scyra acutifrons 

Benriciz Zeviuscu %a 4 8 1 2  1 2  3 3 

Leptasterias sy  . 
Orthasteriar koeh Zeri 2 1 

Pisaster brsvispinus 2 L 8 

Pisas key,  giganteus 

PLsas-Lei? ochruceous 

So ?as eer daus oni 

St?ongy Zocsntrotus 
p q m a t u s  

CEPTH (m) 19 .8  1.5- 17.7.- 9 . 2  
2.4 18.3 

P = p r e s e n t ,  not q u a n t i f i e d  
S = s p a r s e  
C = common 
A = abundant  
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APPENDIX V - (Cont.) -- 
Stat ion  nunber and number of organisms observed 
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FIOLLUSCA (Cont . ) 
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