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A SURVEY OF THE MARINE ENVIRONMENT NEAR THE 
CITY OF MONTEREY OCEAN OUTFALL L/ 

INTRODUCTION 

The California Department of Fish and Game and the State Water 

Resources Control Board (through Regional Board #3, Central Coast) entered 

into an agreement whereby Department biologist-divers conducted a sub- 

tidal ecological investigation of the marine environment in the vicinity 

of the City of Monterey ocean outfall. The objective of the study was 

to provide the Regional Water Quality Control Board with data to assist 

them in evaluating the effects of the discharge on the marine environment. 

The determinations made by biologist-divers included: (i) the num- 

ber and diversity of the plant and animal life; (ii) substrate character- 

istics; and (iii) physical parameters, including water temperature, 

dissolved oxygen levels and clarity. Additionally, benthic samples were 

obtained by the divers and/or by a Ponar grab at each station. 

The State Water Resources Control Board reimbursed the Department 

for part of the expenses incurred during this study. 

AREA DESCRIPTION 

The City of Monterey discharges its domestic and industrial waste 

water through a 30 inch diameter pipe to the shoreline east of the city 

and thence approximately 800 feet offshore into 30 feet of water. The 

discharge point is about 1500 yards NE of Monterey's Municipal Wharf No. 2 

(Figure 1). The normal dry weather flow is about 3.0 to 3.5 million 

gallons per day (MGD) and increases to 5 MGD during wet weather. 

The substrate in the discharge area consists of sand beach at the 

shoreline, silty-sand with low (1-3 foot) sandstone-mudstone shelves 

1/ Prepared by Robert A. Hardy, California State Fisheries Laboratory, - 
Marine Resources Region, 350 Golden Shore, Long Beach, California 90802 
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F i g u r e  1. City of Elonterey ocean discharge sampling l o c a t i o n s ,  
March 13 and 14, 1972. 



a t  t h e  d i scha rge  depth and a  sand-mud bottom from approximately 35 f t  

of depth  ou t  t o  a t  l e a s t  70 f t  deep. 

Giant  ke lp  (Macrocystis sp . )  was p r e s e n t  i n  n e a r l y  a l l  a r e a s  where 

s u i t a b l e  s u b s t r a t e  f o r  a t tachment  occurred al though many p l a n t s  were 

juven i l e s  and d i d  no t  reach  t h e  s u r f a c e .  

METHODS 

The gene ra l  methods used i n  t h i s  survey a r e  descr ibed  i n  r e p o r t s  

of prev ious  i n v e s t i g a t i o n s  (Turner,  Eber t  and Given, 1968).  F i e l d  

ope ra t ions  were conducted by Department b i o l o g i s t s  on March 13  and 14, 

1972, from t h e  Department 's 92-foot r e sea rch  v e s s e l ,  KELP BASS. 

S t a t i o n  s i t e s  were s e l e c t e d  a long  t h r e e  t r a n s e c t s  each w i t h  5 

s t a t i o n s  loca t ed  a t  500 f t  increments  s t a r t i n g  wi th  t h e  d i scha rge  p o i n t  

(F igure  1)  . S t a t i o n  A i s  s h a r e d  by each of t h e  t r a n s e c t s .  The presence  

of a  s u r f a c e  "boi l"  marking t h e  end of t h e  o u t f a l l  was noted ,  and t h i s  

f a c i l i t a t e d  s t a t i o n  l o c a t i o n .  Each sampling s i te  was marked wi th  an  

anchor and buoy, and t h e  v e s s e l  was anchored a t  t h e  s i t e .  The s t a t i o n  

was then  sampled, from t h e  s u r f a c e ,  u t i l i z i n g  a  1/20m2 Ponar g rab ,  and/or  

surveyed by b i o l o g i s t - d i v e r s  equipped w i t h  a  f u l l  f a c e  mask wi th  s u r f a c e  

a i r  supply and diver- to-surface communications. Mul t ip l e  grabs  were 

combined when s i n g l e  grabs  produced i n s u f f i c i e n t  sediment f o r  a n a l y s i s .  

Diver occupied sampling s i t e s  on sand bottoms were def ined  by 

a t t a c h i n g  a  3.1 m l i n e  t o  t h e  s t a t i o n  marker and i n s c r i b i n g  a n  a r c  en- 

2 compassing approximately 30 m . On rock bottoms a  2 .2  m l i n e  was used 

2 
t o  d e f i n e  t h e  s t a t i o n  which covers  a  15 m a r ea .  B io log i s t -d ive r s  i d e n t i f i e d  

and enumerated a l l  macroscopic p l a n t s  and animals w i t h i n  t h e  a r c s .  

Water temperature and d i s so lved  oxygen de termina t ions  were made wi th  

a Martek Model DOA i n  s i t u  d i s so lved  oxygen monitor.  V i s i b i l i t y  e s t ima te s  

were taken by t h e  d i v e r s  a t  10 f t  i n t e r v a l s  from t h e  s u r f a c e  t o  t h e  bottom. 



General bottom cond i t i ons  noted included s u b s t r a t e  d e s c r i p t i o n ;  

he igh t ,  per iod  and d i r e c t i o n  of r i p p l e  marks; and t h e  presence of suspended 

organic  m a t e r i a l  ( l e p t o p e l )  i n  t h e  water column and on t h e  bottom. 

Sediment samples c o l l e c t e d  by t h e  d i v e r s  and t h e  Ponar g rab  were 

s i f t e d  through a  0.5 rnm sc reen ,  and t h e  b i o t a  were preserved i n  10% 

formal in  p repa ra to ry  t o  s o r t i n g  and i d e n t i f i c a t i o n  i n  t h e  l a b o r a t o r y .  

Due t o  a  Department s a f e t y  p o l i c y  r e s t r i c t i n g  d iv ing  a c t i v i t y  i n  

t h e  immediate v i c i n i t y  of sewage d i scha rges ,  and due t o  a  v a r i e t y  of 

s u b s t r a t e  types  encountered, we were unable t o  sample a l l  s t a t i o n s  a l i k e .  

Some samples inc lude  only  d i v e r  obse rva t ions  and c o l l e c t i o n s ,  some only  

Ponar grabs ,  whi le  o t h e r s  i nc lude  both methods. Therefore ,  d a t a  a r e  

not  always d i r e c t l y  comparable from s t a t i o n  t o  s t a t i o n  and i n t e r p r e t a t i o n  

of r e s u l t s  must t ake  i n t o  account t h e s e  d i f f e r e n c e s .  

RESULTS 

Surface  water  temperature ranged from 1 3 . 0 ' ~  ( S t a t i o n  2D) t o  1 5 . 1 ' ~  

( S t a t i o n  1E) whi le  water temperature 30 f t  deep w a s  more c o n s t a n t ,  ranging 

from 1 2 . 2 ' ~  t o  1 2 . 7 ' ~  (Table 1 ) .  A drop i n  tempera ture  wi th  inc reas ing  

depth occurred ,  however, a d e f i n i t e  thermocline was not  p r e s e n t .  

Dissolved oxygen concen t r a t ions  i n  s u r f a c e  water averaged n e a r l y  

10.0 PPM and g e n e r a l l y  tended t o  i n c r e a s e  wi th  depth  t o  20 f t  where t h e  

average was about 10.3 PPM. The lowest  d i s so lved  oxygen l e v e l  recorded 

was 6.9 PPM a t  a  depth of 70 f t  ( S t a t i o n  3 E ) .  

- S t a t i o n  A ( a t  t h e  d i scha rge  p o i n t )  was sampled wi th  Ponar grab only.  

Macrocystis sp .  w a s  ev ident  a t  t h e  s u r f a c e  about 50 f t  from t h e  d ischarge .  

The Ponar grab proved t o  be a  poor sampler a t  t h i s  s t a t i o n  due t o  t h e  

bottom being p a r t i a l l y  rocky (evidenced by some rock a s s o c i a t e d  organisms 

i n  t h e  samples).  Only 1.75 l i t e r s  of sediment were recovered from a t o t a l  

of 6 grabs .  However, 2 genera of a l g a e  and 52 t a x a  of animals  were 



TABLE 1. Temperature, Dissolved Oxygen and V i s i b i l i t y  Prof iles f o r  S t a t i o n s  Occupied i n  t h e  V i c i n i t y  of t h e  C i t y  of Monterey Ocean Discharge,  
March 13-14, 1972. 

Date: 3-13 STATION A - Time: 1530 

Depth(f t )  Temp (OC) 0,* V i s  (f t )  Remarks 
L 

S S 13.4 10 .1  No B o i l  ev iden t  
1 0  ' 13 .1  10.2 d i v i n g  a t  s u r f a c e .  
20 13.0 10.4 No odor. 
3 0 12.2 9.9 

Date: 3-13 STATION 1B Time: 1140 Date: 3-13 STATION 2B Time: 1630 Date: 3-14 STATION 3B Time: 1030 

Depth( f t )  ~ e m p ( O ~ )  02* V i s ( f t )  Remarks Depth(f t )   em^('^) 07* Vis ( f  t )  Remarks Depth(f t)  em^('^) 0," Vis(f  t )  Remarks 

S S 14.2 9.9 No Discolored SS 1 4 . 1  10.9 No Discolored sur -  SS . 13.2 9.8 No No s u r f a c e  
1 0  13.5 10.3 d i v i n g  water a t  1 0  14.0 10.8 d i v i n g  f a c e  water .  1 0  13.0 9.8 d i v i n g  d i s c o l o r a t i o r r  
20 13 .1  10.4 surf ace. 20 13.2 10.5 Kelp canopy 20 12.8 10.0 Kelp canopy 
30  12.3 9.7 Odor d i s t i n c t .  30  12.6 10 .0  p r e s e n t .  30 . 12.5 10.2 on bo th  s i d e s  

40 12.5 9 .1  of s t a t i o n .  
4 5 12.0 8 .4  I 

Date: 3-13 STATION 1C Time: 1400 Date: 3-13 STATION 2C Time: 1700 Date: 3-14 

SS 14.2 10.0 10-15 Heavy l e p t o p e l  S S 13.8 10.4 8 SS 1 3 . 1  
1 0  13.9 10.3 10-15 throughout 1 0  14.4 10.2 8 10  12.9 
20 13.2 10.4 10-15 water column. 20 13.1 10.4 8 2 0 12.5 
30  12.6 9.8 8-15 3 0 1 2 . 3 1 0 . 0  8 3 0 12.3 

3 5 1 2 . 3 1 0 . 0  8 4 0 12.0 
50 11.5 
51 11.2 

Date: 3-13 STATION 1D Time: 1300 Date: 3-14 STATION 2D Time: 0900 Date: 3-14 

S S 14.7 9.7 1 0  Whitish water SS U .O 9.9 1 5  Leptopel  SS 13 .5  
10  13.8 10.3 1 0  a t  su r face .  1 0  12.8 9.9 1 5  throughout 10 13.1 
2 0 13.0 9.5 1 0  20 12.5 10.0 1 5  water  2 0 12.6 
3 0 12.2 9.2 LO 3 0 12.5 9.9 1 5  column. 3 0 12.2 
37 12.2 9.2 1 5  4 0 12.3 8.8 1 0  4 0 12.0 

47 12.2 8.8 2.5 5 0 11.0 
60 11.0 

Date: 3-13 STATION 1E Time: 1220 Date: 3-14 _SATION 2E Time: 1000 

SS 15.1 1 5  S S 1.3.5 9.3 1 5  N o s u r f a c e  
1 0  13.2 12-15 1 0  13.0 10 .0  1 5  d i s c o l o r a t i o n .  
20 13 .O 1 0  20 12.6 10.3 1 5  L igh t  l e p t o p e l  
30  12.3 6 30  12.3 9.6 15  throughout 
4 0 12.1 6 40 12.0 8.6 8-10 water  column. 

4 8 12.0 8.6 3 

* Dissolved oxygen r e a d i n g s  i n  PPM taken from aboard t h e  v e s s e l  w i t h  a 
Ymrtex Model DOA i n  s i t u  d i s so lved  oxygen monitor. 

11 S t a t i o n  "A" i s  shared by each of t h e  t h r e e  t r a n s e c t s .  - 

Date: 3-14 

SS 
10 
20 
3 C 
40 
50 
60 
7 0 

STATION 3~ Time: 1115 Ln 

1 0 . 0  20 Lep tope l  l i g h t  1 

1 0 . 1  i 5  s u r f a c e  t o  20 
10.4 1 5  f e e t .  
10.2 15  

8.6 1 0  Bottom s e d i -  
7.7 3 ment s t i r r e d  
7.6 3 up.  

STATION 3D Time: 1200 

9.8 No 
10.0 d i v i n g  
10.6 
10.7 

8.9 
7.2 
7 .O 

STATION 3E Time: 1230 

9.8 No 
10.0 d i v i n g  
10.3 
10 .5  
8.7 
7.2 
7 .O 
6.9 



recorded (Table 2 ) .  A s e a  o t t e r  was observed fo rag ing  a t  t h i s  s t a t i o n ,  

d iv ing  d i r e c t l y  i n t o  t h e  o u t f a l l  b o i l .  We could no t  determine what i t  

was ea t ing .  

TRANSECT 1 

Three grabs  were taken a t  S t a t i o n  1 B  (500 f t  SW of t h e  d i scha rge  

p o i n t ) .  This  s t a t i o n  r e f l e c t e d  about  112 t h e  number of s p e c i e s  a s  d id  

S t a t i o n  A .  It was one of two s t a t i o n s  where we recorded t h e  presence 

of CapeteZZa capitata, a polychae te  worm gene ra l ly  a s s o c i a t e d  wi th  

po l lu t ed  a r e a s .  A l l  animals  recorded from t h i s  s t a t i o n  were sand a s soc i -  

a t ed  spec i e s .  

S t a t i o n  1C was e s t a b l i s h e d  on a mixed sand-rock s u b s t r a t e .  The rock 

was sandstone wi th  ledges  up t o  5 f t  h igh .  The h ighes t  d i v e r s i t y  of 

p l a n t s  and animals  was recorded a t  t h i s  s t a t i o n  wi th  rock and sand asso-  

c i a t e d  s p e c i e s  found i n  abundance. Macrocyst is  sp .  j u v e n i l e s  and v a r i o u s  

red a l g a e  predominated t h e  f l o r a  wh i l e  s ea  s t a r s  ( P i s a s t e r  g igan teus  and 

P. b rev i sp inus )  , smal l  red  anemones (Corynact is  caZi forn ica)  and boring 

clams (Chacea ovoidea)  were t h e  most obvious animals .  

The s u b s t r a t e  was most ly sand a t  S t a t i o n  1 D  (1500 f t  SW of t h e  d i s -  

charge) .  Ripple  marks i n  t h e  sand wi th  a 1 inch  he igh t  and 4 inch  period 

i n d i c a t e  a moderately low t r a n s p o r t  of sand. We found a l i m i t e d  amount 

of exposed sandstone wi th  some low ledges  p re sen t .  Fewer animal spec i e s  

were recorded h e r e  than  a t  s t a t i o n s  t o  e i t h e r  s i d e  (1C and l E ) ,  however, 

t h i s  was probably due t o  l a c k  of h igh  r e l i e f  sandstone t h a t  was p re sen t  

a t  t h e  o t h e r  s t a t i o n s .  Macrocyst is  s p .  j u v e n i l e s  were t h e  dominant a l g a e  

i n  t h i s  s t a t i o n  a r e a .  

S t a t i o n  1E ( t h e  l a s t  s t a t i o n  a long  t h i s  t r a n s e c t )  was predominantly 

t h e  a r e a  of sandstone she lves  w i th  a maximum r e l i e f  of t h r e e  f e e t  and 

deeply undercut she lves .  Some of t h e  rock was covered by one inch  of 



TABLE 2. Plants and Animals Recorded from Transect 1 ,  Monterey - March 13, 1972 

Station and Abundance* . 

S c i e n t i f i c  name A B C D E Remarks 

ALGAE 

Red algae unid. (p ) P P 

BossieZZa orbigniana 

BossieZh sp.  

~ a t t i a r t h r b n  sp.  

CaZZophy ZZis sp.  

Coralline 'algae unid. 

Desmarestia herbacea 

Dictyneuropsis reticuZata 

Fauchia sp .  

FryeeZZa gardrerii 

Cywgongrus sp . 
HaZidrys/Cystoseira 

Herposiphonia sp .  

Heterosiphonia asymmetria 

Lithothamniwn sp.  

Macrocystis sp . 

Pikea p i m t a  , 

PZatythamnion sp . 
PZocamiwn coccinewn 

PoZyneura sp. 

Pterosiphonia sp . 
S tennogrme  interrupts 

INVERTEBRATA AND ASCIDIACEA 

Protozoa 

Foraminifera 

Porifera 

Acarnus e r i  t hacus 

Porifera unid. 

RkabdodermeZlu nutt ingi 

Cnidaria 

Anthop Zeura x a n t h o g r d c a  

BaZunophy ZZia eZegans 

Mostly juveni les  



TABLE 2. Contd. 

. Station and Abundance* . 

Scientific name A B C D E Remarks 

Corynac t i s  caZi fornica A 

Hydroid (unid. ) 

Tea Zia co Zumbiana 

Nematoda 

Nemertea 

Platyhelmenthes 

Annelida 

Ampharete sp. 

Ampharetidae 

Armandia biormtata 

CapiteZZa capitatu 

Chone sp .  

Cirratulidae 

Cistenides brevicoma 

Xopatra ornata 

Diapatm sp. 

DorviZZea rudoZphii 

Eteone sp. 

Eudisty Zia pozymqrpha 

Ercogone hurei  

GZycem sp. 

HaZosydna brevisetosa 

Haptosco Zop 20s e Zongatus 

Hesionidae 

Lanice conchizega - 
Lumbrineris sp. 

Magetom sp. 

Nephtys sp. 

Nerinides acuta 

Nereidae 

Nothria sp. 

Onuphidae 

Ophiodromus pugettensis 

Orbiniidae 

1 1 Large specimens 

C71 7 (4) P 



TABLE 2. Contd. 

Stat ion and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

Owenia coZZaris [ 11 

Pherusa sp .  ( 4 )  

Phyllodocidae (11) [3I ( 3 )  Station A represents  3 spec ies  

Polychaete unid. P 

Potycirrus sp . (11) 

potydora s'p. ( 1 )  

Polynoidea 111 

Prionospio pygmaeus ( 1 )  ( 2 )  [2I 

Rhynchospio sp . ( 2 )  

Sabet Zaria cementuriwn ( 1 )  

SaZmacina tribranchiata 

Serputa vertrticuh-is 

Serpulidae 

Spionidae 

Spiophanes bombyx 

S t h e n e h e l l a  uniformis 

Syl l idae  

Terebel l idae 

Sipunculida 

Arthropoda 

Cancer jordani 

Capre t Za equi tibra 

Caprellidae 

Copepoda 

CryptoZithodes si tchensis 

Cumacea 

- Cyclopoid copepods 

Decapoda - zoea larva 

Euphausiacea 

Gammaridea 

Isopoda 



TABLE 2.  Contd. 

Stat ion  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

Loxo~hy nchus grandis 1 1 

lrfimZus fotiatus 

Ostracoda 

Pagurus samuelis 

Paguridae 

Pentiodtea resecata 

Pugettia graci Zis 

Pycnogonida 

Shrimp unid. 

Spirontocaris tay Lori 

Spirontocaris sp . 
Mollusca 

(20) 3 spec ies  

Acmaea h t r a  

Acmaea sp.  

Acteocina cu tc i t e l la  

Acteocina harpa 

A c t e a  punctocaeZatus 

Aegires aZbopwzctatus 

AZvinia compacta 

AZtrinia sp .  

h p h i s s a  sp. ' 

Anisodoris nobi Zis 

Astraea gibberosa 

Batcis thers i tes  

Cadzina Zeuteommginata 

Caecum crebricinctwn 

CaZZiostoma annutatm 

CaZZiostoma canaliculatwn 

CaZZiostoma sp. 

Ceratostoma fo l ia ta  

Chacea ouoidea 

CrepiduZa perforans 

Crepipate lk  Zingukta 

Cryptochiton s t e  ZZeri 

Dialula sandiegensis 



TABLE 2 .  Contd. 

Stat ion  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

Ciodora asp era [I] 

Epitonium sp .  

FtabeZZinopsis iodinea 

Gastropoda unid. 

Bemissenda crassicomis 

~ a r g a r i  tes' sp.  

Megatebennus bimaculatus 

Megathura crenulata 

WtreZZa carinata 

W t r e  Z Z u  gansapata 

EfitreZZu sp .  

h & t i z ~ S  Sp. 

Nassarius fossatus 

Nudibranch unid. 

OZiveZZa bip Zicata 

OZiveZta pycnia 

OphiodeneZ Za ophiodema 

ParuphoZas cal i fomica 

Pododesmus cepio , 

Potinices sp .  

Polyplacophora 

Protothaca sp.  

Rostmga pulchra 

TeZZina sp.  

M c o Z i a  compta 

!hrboniZla sp.  

Bryozoa 

Bryozoa unid. 

PhidoZopora californica 

Phoronida 

Phoronida (unid.) 

Echinodermata 

Amphiodia digi ta ta  

AmphiphoZis squumata 

P Stat ion  C represents 3 s p e c i e s  



TABLE 2. Contd. 

S t a t i o n  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

Dendraster excentricus (9) (6) 

Dennas terias imbricatu 

Henricia ZaeviscuZa 

Holothuroidea 

Lytechinus m e s u s  

Ophioplocus esmarki 

Ophio thri; idae 

Ophiothrix spiculata 

Ophiuroidea (unid .  ) 

Orthasterias koehteri 

Pateria miniata 

Pisaster brevispinus 

Pisaster giganteus 

Pycnopodia heticmthddes 

Asc id iac  ea  

Amaroucium catiforminun 

Asc id iacea  (unid. ) 

C h e t i n a  huntsmani 

VERTEBRATA 

Artedius sp .  

C h i h a  tayZor i  . 
Citharichthys s p  . 
Coryphopterus nicholsii 

Bezagramnos decagmmius 

Orthaopias tr iacis  

P i s c e s  ( l a rvae )  

Rimicola muscanrm 

Sebastes caurinus 

Sebastes chrysmelas 

Sebastes mystinus 

* Abundance Symbols: 

( 5 )  

(1) 

1 

1 

P J u v e n i l e s  

P = P r e s e n t  i n  t h e  a r e a  b u t  r e l a t i v e  abundance n o t  e s t ima ted .  
S = S p a r s e  - wide ly  s c a t t e r e d  throughout  t h e  a r e a  b u t  nowhere numerous. 
C = Common - unevenly p r e s e n t  throughout  t h e  a r e a  and on ly  o c c a s i o n a l l y  numerous. 
A = Abundant - numerous and evenly d i s t r i b u t e d  throughout  t h e  a r e a .  
() = Paren theses  around t h e  abundance symbol i n d i c a t e  occur rence  i n  Ponar g r a b  samples .  
[I = Bracke t s  around t h e  abundance symbol i n d i c a t e  occur rence  i n  d i v e r  t aken  sediment samples.  



coa r se  sand. Macrocyst is  was not  recorded he re ,  however, o t h e r  brown and 

red  a l g a e  were noted a s  common t o  abundant.  The i n v e r t e b r a t e  fauna was 

f a i r l y  d i v e r s e  and f i s h  were more abundant he re  than  a t  any o t h e r  s t a t i o n .  

TRANSECT 2 

Ponar grab samples a t  S t a t i o n  2B (500 f t  n o r t h  of t h e  d i scha rge )  

probably picked up some l o o s e  sand ove r ly ing  a rocky s u b s t r a t e  a s  on ly  

one l i t e r  of sediment was recovered i n  f i v e  grab a t t empt s  and t h e  sample 

contained only t h r e e  animals  (Table 3 ) .  The s u r f a c e  of t h e  water  a t  

t h i s  s t a t i o n  was d i sco lo red  due t o  t h e  d ischarge  but  a s u r f a c e  canopy of 

Macrocyst is  sp .  was p r e s e n t .  

S t a t i o n  2C was loca t ed  on a rocky bottom wi th  she lves  up t o  two f e e t  

high.  Loose sand was covering about  ha l f  of t h e  a r e a  and some of t h e  rock 

appeared scoured c l e a n  t o  t he  d i v e r .  Algae were s p a r s e l y  r ep re sen ted  i n  

t h e  a r e a  and sea  s t a r s  ( P i s a s t e r  bx~evisp inus)  were t h e  most common animals .  

Some low enc rus t ing  sponges and a s c i d i a n s  were a l s o  p re sen t  on t h e  rocks  

whi le  tubed polychae tes  (Diopatra  sp . )  were common i n  t h e  sand a r e a s  

between rocks .  

The bottom at  S t a t i o n  2D was a f l a t  pavement rock a r e a  ha l f  of which 

was covered wi th  two t o  t h r e e  inches  of sand. I n  a d d i t i o n  a smal l  amount 

of rock rubble  about  one f o o t  h igh  w a s  p r e sen t .  J u v e n i l e  Macrocystis s p .  

was common i n  t h e  a r e a  a long  wi th  v a r i o u s  red  a l g a e .  The rock a r e a s  a t  

t h i s  s t a t i o n  were no t  heav i ly  encrus ted  wi th  animals ,  however, many small  

s p e c i e s  not  normally observed by d i v e r s  were found i n  sediment samples, 

clumps of a l g a e  and o t h e r  enc rus t ing  forms c o l l e c t e d  by t h e  d i v e r .  

The l a s t  s t a t i o n  along t h i s  t r a n s e c t  ( S t a t i o n  2E) revea led  a f i n e  

sand bottom wi th  a whi te  f l o c c u l e n t  m a t e r i a l  accumulated a long  t h e  c r e s t s  

of t h e  sand r i p p l e  marks. The r i p p l e  marks were two inches  h igh  wi th  an  

e igh teen  inch  per iod  i n d i c a t i n g  moderate sand t r a n s p o r t  i n  t h e  a r e a .  



TABLE 3. P l a n t s  and Animals Recorded from Transec t  2 ,  Monterey - March 13-14, 1972 

S t a t i o n  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

ALGAE 

Brown a l g a e  unid. 3 

Red a l g a e  unid. (p [PI P 

BossieZZa sp.  (PI 

~ a ~ t i a r t h r ~ o n  sp .  P (PI 

L i t h o t h m i m  sp .  S 

Macrocysti's s p  . 
Rhodymenia s p  . 

INVERTEBRATA AND ASCIDIACEA 

Protozoa 

Foraminifera  

P o r i f  e r a  

P o r i f e r a  unid. P P 

RhabdodeneZta nuttingi 
. . 

Cnidar ia  

Abietinaria sp.  

Anthop Zeura xanthogrmica 

Anthozoa (unid.) 

BatmMphy ZZia elegans 

TeaZia sp.  

Nematoda 

Nemer t ea  

Platyhelmenthes  

Annelida 

Araandia biocuZata 

Boccardia sp .  

ChrysopetuZwn occidentaze 

C i r r a t u l i d a e  

Cistenides brevicoma 

Diopatra omzata 

Lxopatra sp. 

Dorvi ZZia doZpphii 

Exogone Zourei 

Gzycera sp .  

Hap Zosco top Zos e Zonga tus 

Hesionidae 

J u v e n i l e s  

S t a t i o n  C up t o  6 0 / 1 / 4  M 2 



TABLE 3.  Contd. 

Stat ion  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

Lwnbrineris sp. (7) 

Maldanidae [I] 

tierinides acuta 

Nereidae 

Pherusa s p .  (4  

Phyllodocidae (11) 1 2 1 .  ( 6 )  

Polychaete unid. bl 

PoZycirrus sp.  (11) 

Potydora sp .  (1) Dl (1) 

Rhynchospio sp . (2) 

Sabettaria cementarztwn (1) 

Spionidae 

Sy l l idae  

Terebellidae 

Sipunculida (2) 3 

Arthropoda 

BatrnZus sp .  [A] (PI A 

Brachyura 

Caprellidae 

Cumacea 

Decapoda - zoea larva 

Euphausiacea 

Gammaridea 

Isopoda 

Loxorhynchus grandis 

Mimzus foliatus 

Ostracoda (10) [29 1 
Paguridae (3) (1) (3) 1 

Pugettia richii 2 

Fugettia s p .  (1) 1 

Shrimp unid. (2) (2) 

Spirontocaris sp .  1 

Stat ion  A, 3 spp. Stat ion  D, 2 spp. 

2 sp'ecies 



TABLE 3. Contd. 

S t a t i o n  and Abundance* 
I 

S c i e n t i f i c  name A B C D E Remarks I 

I 
Mollusca 

I 

Acmaea sp .  1 I 

I 
AZvinia conpactu 

I 

AZvinia s p .  [ 123 I 

BaZcis thers i tes  

Caecwn catifornicwn 

Caecum crebricinctwn 

Cerithopsis carpented 

Chacea ouoidea 

Chione s p .  

Conus caZijornicus 

CoopereZZa subdiaphana 

Epitonitun s p .  

FmtuZm s p .  

FZabeZlinopsis iodinea 

Fusinus sp .  

Gastropoda unid. (2) 

Glans subquadrab 

Haziotis kamchatkana - assimizis 

tlermissenda crass icomis  (1) 

Ischnochiton aZbus 

Ischnochiton sp . 
Lyonsia ca Z i  fornica 

MitreZZa carinata 

Mitre Z La gausapa ta  

MitreZZa sp.  

MytiZus sp .  

Nassarius fossatus 

N a s s d u s  sp . 
Nudibranch unid. 

Olive l La bipZicata 

OZiveZZa pymia 

Parapho Zas cal i f  ornica 

pelecypoda (unid. j u v e n i l e s )  



TABLE 3. Contd. 

S t a t i o n  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

Petricola caZiforniensis 1 

Polinices s p  . (1) 

Polyplacophora  

Protothaca sp .  

T e g u h  s p .  

TricoZia s p .  

l'urboniZZa sp.  

Bryozoa . 
Bryozoa un id .  

Fil icr is ia  sp.  

Phoronida  

Phoronida  (unid  . ) 
Echinodermata 

Amphiodia digitatu 

AmphiphoZis squwnata 

Dendras t er  excentricus 

Holo thuro idea  

Leptas ter ias  pus; l Za 

Qphiopholis aculeata 

O p h i o t h r i c i d a e  

Qphiothrix spidukzta 

Ophiuroidea  (unid .  ) 

Pateria miniata 

Asc id iacea  

Asc id iacea  (unid  . ) 
Eudistoma sp .  

VERTEB RATA 

Citharichthys sp .  

C o t t i d  m i d .  

P i s c e s  ( l a r v a e )  

* Abundance Symbols: 

P = P r e s e n t  i n  t h e  a r e a  b u t  r e l a t i v e  abundance no t  e s t ima ted .  

S = Sparse  - wide ly  s c a t t e r e d  throughout  t h e  a r e a  b u t  nowhere numerous. 

C = Common - unevenly p r e s e n t  throughout  t h e  a r e a  and on ly  o c c a s i o n a l l y  numerous. 

A = Abundant - numeraus and even ly  d i s t r i b u t e d  throughout  t h e  a r e a .  

() = Paren theses  around t h e  abundance symbol i n d i c a t e  occur rence  i n  ponar  g rab  samples .  

[I P B r a c k e t s  around t h e  abundance symbol i n d i c a t e  occur rence  i n  d i v e r  t aken  sediment  samples .  



A two l i t e r  sample of sediment revea led  only  seven k inds  of animals  p re sen t .  

An uns t ab le  sand bottom w i l l  no t  a l l ow t h e  development of d i v e r s e  b i o t i c  

communities and t h i s  i s  probably t h e  c a s e  a t  t h i s  s t a t i o n .  

TRANSECT 3 

Diving was used t o  sample only one s t a t i o n  (3C) a long  Transect  3 .  

The bottom was a l l  sand a t  t h i s  s t a t i o n  and t h i s  i s  probably t r u e  of t h e  

o t h e r  s t a t i o n s  a long  Transect  3 .  A f a i r l y  heavy accumulation of f i n e  

whi te  f l o c c u l e n t  m a t e r i a l  on t h e  bottom was noted by t h e  d i v e r .  Ripple  

marks i n  t h e  sand were one-half inch  high wi th  a t h r e e  inch  per iod  i n d i -  

c a t i n g  a r e l a t i v e l y  s t a b l e  sediment.  The Ponar g rab  sample a t  S t a t i o n  3 D ,  

i n  s i x t y  f e e t  of water ,  was t h e  only  sample t h a t  had a l a y e r  of b lack ,  

hydrogen s u l f i d e  laden  mud under t h e  su r f ace .  A l l  t h e  o t h e r s  were f a i r l y  

c l e a n  looking sand. 

Samples from a l l  fou r  s t a t i o n s  along Transect  3 had a s i m i l a r  

d i v e r s i t y  of small sand-dwelling organisms p re sen t  (Table 4 ) .  The ma jo r i t y  

of t h e  s p e c i e s  recorded were polychae te  worms o r  smal l  molluscs .  

DISCUSSION 

The types  of macroscopic p l a n t s  and animals  and t h e i r  r e l a t i v e  

abundance observed by t h e  d i v e r s  dur ing  t h i s  survey,  d id  not  appear 

abe r r an t  f o r  s i m i l a r  h a b i t a t  types  found i n  t h e  Monterey a r e a .  F a i r  num- 

b e r s  of ben th i c  and s e s s i l e  organisms were observed i n  t h e  nearby rocky 

a r e a s  and beds of Macrocystis sp.  appeared hea l thy  wi th  a n  abundance of 

smal l  j u v e n i l e s  i n  t h e  a r e a .  

Ponar grab  samples revea led  t h e  occurrence of CapiteZZa capitata, 

a polychae te  worm reputed t o  be t o l e r a n t  of po l lu t ed  a r e a s .  These poly- 

chae t e s  were found a t  S t a t i o n s  1B and 3C bu t ,  t h e i r  occurrence d id  no t  

seem t o  bear  a r e l a t i o n s h i p  t o  t h e  proximity of t h e  d i scha rge .  However, 

i n d i c a t i o n  of a p o s s i b l e  response t o  t h e  waste f i e l d  was demonstrated 



TABLE 4. Plants and Animals Recorded from Transect 3, Monterey - March 13-14, 1972 

Station and Abundance* 

Scientific name A B C D E Remarks 

ALGAE 

Red algae unid. (PI P 

BossieZZa sp. (PI 

Rhodymeniq sp. S 

INVERTEBRATA AND ASCIDIACEA 

Protozoa 

Cromia ov i fomis  - protozoa 
Cnidaria 

Anthozoa (unid.) 

Hydroid (unid. ) 

Nematoda 

Nemertea 

Platyhelmenthes 

Anage sp. 

Ampharete sp. 

Ampharetidae 

Ariddea sp. 

Amnandia bioculata 

Boccardia sp. 

Capitel la capitata 

Capitellidae 

&one mollis  

Chone sp. 

ChqsopetaZwn occidentale 

Cirratulidae 

Cistenides brevicoma 

Riopatra ornata 

Diopatra sp. 

Domi Ztea rudolphii 

Eteone d i k t a e  

Exogone b u r e i  

CZycera convoZuta 

CZycera sp. 

Glycinde p o ~ y p ~ t ~ a  

On fiopatra sp. tubes 



TABLE 4. Contd. 

Stat ion  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

GZycinde sp .  (9) 

Hap Zosco Zopbs e longatus (3) (8) (1) ( 5 )  

Barmothoe scriptoria (2) 

Hesionidae 

Laonice cirrata 

Lwnbrineris sp.  (7) (27) (13) (23) 

MageZona saccutata (7) 

MageZona sp. (3) 

Haldanidae (3) (1) (5) (3) Stat ion  B represents  2 spec ies  

Nephtys cornuta franciscam (1) 

Nephtys sp.  

Nerinides acuta 

Nereidae 

Nothria s p .  

Onuphidae 

OpheZia assimi tis 

menia coZlaris 

Paraonidae 

Pherusa sp .  

Photoe g labra  

Phyllodocidae 

Ptatynereis bicanaZicuLata 

Polychaete unid. 

PoZycirrus sp. 

PoZydora sp.  

Polynoidea 

h-ionospio c i r r i f e ra  

Prionospio matmgreni 

Prionospio pinnata 

Prionospio pygmaeus 

Prionospio sp. 

Rhynchospio sp. 

Sabet Zaria cementarim 

Spionidae 

(1) (2) 

(21 

(6) (6) (1) 

(7) 

(2) 

(1) 

(1) 

(1) 

( 4 )  , (1) 

(10) (3) 

(11) (3) (4) (2) Stat ion  A represents 3 epec ies  

(5) 



TABLE 4 .  Contd. 

Stat ion  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

Spiophanes bmbyx (3) 

Spiaphanes missionensis (1) 

StFgne Zais verrucu Zosa (1) 

Sthene Zais sp . (3) 

Sthene t&e ZZa uni formis (1) 

Syl l idae  (1) (2) 

Terebelli'dae (1) 

ThaZenessa spinosa (2) (1) (1) 

Sipunculida (2) (1) 

Arthropoda 

Brachyura 

Cancer sp.  

Caprellidae 

Cumacea 

Decapoda - zoea larva 

Garmnaridea 

Isopoda 

Mysidacea 

0 s  tracoda 

Paguridae 

Shrimp unid. . 
Spirontocaris sp . 

Mollusca 

Acteocina cu Zci te  2 Za 

Acteocina harpa 

Acteocina sp.  

A c t e a  punctocae Zatus 

AZoima compacta 

AZvinia sp .  

Amphissa sp.  

BaZcis thersites 

BarZeeia sp. 

caduzus sp.  

Caecum caZi fornicum 

Caecum crebricinctum 

Cyanopkx hartwegii 



TABLE 4 .  Contd. 

S t a t i o n  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks 

Cylinchna atba (3)  

Dentatium sp .  (1) (2)  

Epitoniwn tinctwn (5 )  

Epitaniwn sp .  (7) 

Gastropoda unid. (2) (3) (35) (8) 

Hermissenda cras sicomzi s (1) 

Lacuna sp .  

lrfitretla gansapata 

Mitrezla sp .  

&titus sp .  

N a s s d u s  fossatus 

N a s s d u s  sp .  

~ulucu~ana sp .  

OZiveZta baetica 

OZiveZZa pycnia 

QaZia sp  . 
Pelecypoda (unid. j u v e n i l e s )  

Potinices sp . 
Protothuca sp. 

T e t t i m  sp. 

Rzicotia s p .  

Z5crbotritta sp.  

Turridae 

VitrineZkz sp.  

Chaetognatha 

Chaetognatha (unid.)  

Phoronida 

Phoronida (unid. ) 

Phorais vancouverensis 

Hemichordata 

Hemichordata (Enteropneusta) 

Echinoderma t a  

Amphiodia digi tata  



TABLE 4 .  Contd. 

Ophiuroidea (unid.) 

Urchin - Unid. 

VERTEBRATA 

Citharichthys sp.  2 

P i sces  ( larvae)  (3) (5) (PI (2)  

S t a t i o n  and Abundance* 

S c i e n t i f i c  name A B C D E Remarks - 
Amphipho Zis s p  . (1) 

Arrphiura sp. (2) (1)  

Amphiuridae ( 6 )  

Dendraster excentricus (102) S (2) 

Holo thuroidea (3) (2) 

Ophiothricidae 

Ophiothrix s p i c u k t a  

* Abundance Symbols: 

P = Presen t  i n  the  a r e a  but  r e l a t i v e  abundance not est imated.  

S = Sparse - widely s c a t t e r e d  throughout t h e  a r e a  bu t  nowhere numerous. 

C = Common - unevenly present  throughout the  a r e a  and only occas iona l ly  nqmerous. 

A = Abundant - numerous and evenly d i s t r i b u t e d  throughout t h e  a rea .  

() = Parentheses around t h e  abundance symbol i n d i c a t e  occurrence i n  ponar grab samples. 



by t h e  d i s t r i b u t i o n  of c i r r a t u l i d  polychae tes  (Tables  2,  3 ,  and 4 ) .  

C i r r a t u l i d s  were most abundant a t  t h e  d i scha rge  terminus and a t  S t a t i o n  3B, 

whi l e  samples revea led  lower numbers a t  s t a t i o n s  f u r t h e r  away. 
I 

I 

The t o t a l  number of d i f f e r e n t  p l a n t s  and animals  recorded a t  each 

s t a t i o n  i n d i c a t e s  a decrease  i n  s p e c i e s  d i v e r s i t y  500 f t  SW and NE of t h e  

d i scha rge  (F igure  2 ) .  However, t h e s e  t o t a l s  a r e  probably more d i r e c t l y  I 

I 

r e l a t e d  t o  t h e  types  of samples taken and s u b s t r a t e  t ype  than  t o  d i s t a n c e  

from t h e  o u t f a l l .  

CONCLUSIONS AND RECOMMENDATIONS 

The b i o l o g i s t - d i v e r s  underwater obse rva t ions  i n  t h e  v i c i n i t y  of t h e  

Monterey d i scha rge  d id  n o t  i n d i c a t e  t h e  was te  f i e l d  was a f f e c t i n g  t h e  

p l a n t  and animal communities i n  t h e  a r e a s  away from t h e  d i scha rge .  These 

observa t ions  were made a t  p o i n t s  1000, 1500 and 2000 f t  from t h e  d i s -  

charge. Abundance and d i v e r s i t y  of a l g a e ,  i n v e r t e b r a t e s  and f i s h  observed 

a t  each s t a t i o n  were dependent on s u b s t r a t e  type and h e i g h t  of r e l i e f .  

Ponar grab samples revea led  an  increased  popula t ion  of c i r r a t u l i d  

polychae tes  a t  s t a t i o n s  n e a r e s t  t h e  o u t f a l l .  

The r e s u l t s  of t h i s  survey i n d i c a t e  t h e  need f o r  a d d i t i o n a l  sampling 

i n  t h e  a r e a  of g r e a t e s t  impact. Subsequent sampling i s  needed w i t h i n  

1000 f t  of t h e  d i scha rge  w i t h  r e p l i c a t e  samples taken t o  d e f i n e  sampling 

e r r o r .  Add i t i ona l ly ,  u s e  of d i v e r s  i n  c o l l e c t i n g  sediment samples might 

g i v e  more uniform r e s u l t s  a s  t h e  Ponar grab  was not  e f f e c t i v e  a t  a l l  

s t a t i o n s .  These a d d i t i o n a l  d a t a  a r e  needed t o  s u b s t a n t i a t e  o r  f u r t h e r  

d e s c r i b e  t h e  e f f e c t  of t h e  waste f i e l d  on t h e  d i s t r i b u t i o n  of t h e  ben th i c  

popula t ions  i n  t h e  d i scha rge  a rea .  



Number of Taxa 
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