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SEDIMENT AND 
BIOLOGICAL CONDITIONS ON 
COASTAL ,. - SLOPES 

T h e  coastal she l f  o f  southern  California has been studied f o r  a long 
time, but comparat ively l i t t l e  i s  known about t h e  biological assemblages 
and habi tats o f  t h e  coastal slope. T h e  proposal by Orange County  for 
f u tu re  d ischarge o f  sewage s ludge a t  a dep th  o f  about 350 m prov ided  -~ 

an immediate reason t o  s t u d y  the  slope in t h a t  area. T h e  detect ion o f  
changes caused by s ludge d ischarge requ i res  t h e  invest igator  t o  sample 
the  proposed discharge area and a similar contro l  area before and a f te r  
discharge. 

T h e  object ives o f  o u r  studies were t o  establ ish the  appropr ia te  sampling 
design fo r  detect ion o f  impacts o f  d ischarge and t o  collect predischarge 
data on selected sediment and biological parameters. We found t h a t  t h e  
slope areas o f f  Newport  and Point Dume were v e r y  similar t o  each o ther  
and represent  normal slope condit ions f o r  o u r  region. 

SAMPLING SCHEDULE . - 
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Sampling began in October 1981 in t h e  proposed discharge area o f f  
Newport,  hereaf ter  called t h e  County  Sanitat ion D is t r i c t s  o f  Orange 
County  (CSDOC) area (F igu re  I ) ,  where we sampled sediments and 
infauna on a 49-site grid (F igu re  2) .  Analyses showed homogenous 
zones w i th in  t h e  grid. Subsequently,  we sampled e igh t  o f  these sites, 
hereaf ter  called t h e  double-transect si tes (F igu re  I ) ,  semiannually 
(winter-summer) f o r  2 years (1982-1983). In 1983 we sampled a 
prospect ive contro l  area o f f  Point  Dume, selected because o f  similar 
slope orientat ion, logis t ic  ease o f  sampling, and t h e  fact  t h a t  p rev ious  
data collected by SCCWRP revealed biological assemblages similar t o  
those in t h e  CSDOC area. A n  ident ical grid o f  e igh t  double-transect 
si tes was set up o f f  Point Durne and sampled simultaneously w i th  CSDOC 
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Figure 1. Chart showing locations of the study areas; E, G ,  K, S" 
sites are the double-transect sites;@in the CSDOC area shows the 
approximate location of the proposed deep sludge outfall. 

sites. The  methods o f  collection, measurement, and analyses and t h e  
data collected are  presented below. 

RESULTS 

Sediments 

Surface sediment samples (0-2 cm) were collected from 0.1-sq m Van 
Veen g r a b  samples during three sampling periods: CSDOC, w in ter  1981; -? 

CSDOC, summer 1983; Point Dume, summer 1983. A l l  o f  t h e  49-site 
grid stat ions a t  CSDOC (F igu re  2 )  were sampled during t h e  f i r s t  
sampling period, but on ly  the  double-transects were sampled 
subsequently.  Measurements o f  grain-size, organic material, seven 
t race metals, and two chlor inated hydrocarbons were made us ing  - - 

methods prev ious ly  repor ted  (Word and Mearns 1979). 

Regression analyses were used to  compare t rends  in selected sediment 
parameters w i t h  dep th  and between areas and times. Analys is  o f  
covariance was conducted t o  tes t  t h e  hypothesis o f  n o  s ign i f i cant  - - 

d i f ferences among the  regressions for CSDOC Year 1, CSDOC Year 2, 
and Point Dume Year 2, us ing  t h e  method o f  Zar (1974). 

, c 8 ; ,,,- - - - - 
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PROPOSED DEEP SLUDQE OUTFALL 

VAN VEEN QRAB8 

* : *  

Figure 2. 49-site grid a t  CSDOC. These stations were all sampled 
* , . >  

during the first sampling period, winter 1981 -82. - I ::."' 
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Figure 3. Plot of mean ( 2  1 standard deviation) sand, silt, and clay 
percentages in sediments a t  the CSDOC area double-transect sites, 
summer 1982. 

Grain-Size and Organic Material. The  sediments a t  t he  CSDOC area 
were predominantly s i l t y  clays; t he  clay f rac t ion  gradua l ly  increased 
w i t h  depth  ( F igu re  3 )  . Var iat ion in percent  o f  sand i s  due t o  a "canyon 
ef fect"  a t  Stat ions G I2  and S8 where the  percent  o f  sand was h igher  
than  a t  adjacent slope sites. T h i s  sandy sediment in the  San Gabriel  
Canyon i s  p robab ly  de r i ved  f rom t h e  San Pedro she l f  ( K a r l  e t  al. 
1980). 

T h e  sandiest areas a t  CSDOC were general ly  t h e  shallowest, but sandy . 
sediment was also collected a t  Stat ion F19 and a t  t h e  base o f  Lasuen 
Seamount (F igu re  421). T h e  f inest  grain-size sediment was collected in 
t h e  upper  San Gabriel  Canyon and in a small depression descending in to  
t h e  San Diego T rough .  The  sediments a t  Point Dume were sandier than 
those a t  CSDOC. A t  350 m, the  proposed discharge depth,  t h e  
sediments a t  Point Dume contained 26% sand, whi le t h e  sediments a t  
CSDOC contained 12%. The  slopes o f  p lots o f  sand versus  dep th  for 
CSDOC and Point Dume (F igu re  5 )  were no t  s ign i f i cant ly  d i f ferent ;  
elevations were. Percents sand versus  dep th  did n o t  change betwe 
years a t  CSDOC. 

Total organic material (TOM) a t  CSDOC general ly  increased over  dep th  

Â ¥ c  
(F igu re  4b). T h e  outer  shel f  s i tes (shallowest) were lowest in organic 
material (below 5%);  t h e  deepest slope si tes were usual ly  above 10%. A 

7 ,  

canyon effect may be  seen, especially a t  Stat ion S8 where organic 
Â I , :**- 

material was above 13%. Stations located in the  San Gabriel  Canyon 
general ly  contained more organic material t han  adjacent slope sites. 
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Figure 4. Surface sediment contours measured at CSDOC in October A & -  * + - L 7  9 
1981; (a) shows percent sand (>63 pm) and (b) shows percent organic 
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There  was s ign i f i cant ly  less organic material a t  t he  deepest si tes off,* 
-'A 
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Point Dume than a t  t he  deep CSDOC sites (F igu re  5 ) ,  p robab ly  because 
Point Dume si tes contained more sand. 

In studies o f  s ludge disposal, t h e  qua l i t y  o f  t h e  organic material, as . - 
- - well as t h e  quant i ty ,  i s  important.  Sludge may be  composed of up t o  ' s .  

80% organic material which is  o f ten  10% organic n i t rogen (Brooks  e t  al. .T& 
1982). T h e  d ischarge o f  s ludge in to  marine sediments may change s r . -  ~ .- , - I---G -# 

- + 
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exis t ing  condit ions. The  qua l i t y  o f  t he  organic material a t  the  proposed - - - - >  -$A 
, --^ 

discharge area was measured us ing  organic C:N rat ios. Percentages of -Â - ^ . - - = - . "Â¥ -̂ 
8 >--,'- 

total  organic carbon and n i t rogen  in t h e  sediments increased w i t h  water -. ' -': 
< a CLS 

depth, but t h e  C: N ra t io  remained ra the r  constant  (F igu re  6) (mean - . - -- 
1, 

- ..-̂ Â¥' ,,a 
C:N = 11.5 5 1.12 f n  = 8 ) ) .  These values are  similar to  values ' - - , r  - - 

- y 
. . % *  

. + "$3 
prev ious ly  repor ted  in the  region; Emery (1960) considered 10 ant- ' -  i - - s .  - f -. 5.3 

% -- 
average value fo r  sur face sediments and gave the  San Pedro Basin a , =,Ã 

-3 
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Contaminants in Sediments. Concentrat ions o f  seven t race metals, total  = - .ft-& '. 1 7 3 .  
- ^ 

DDT, and  PCB were measured in the  sediments a t  bo th  areas. s .  - , *-. ,- + - - ,  - Â¥frl' , 
=* .: 
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Figure 5. Plots of mean (A 1 standard deviation) percent sand and 
total organic material over depth in surface sediments (top 2 cm) a t  
CSDOC and Point Dume double-transect sites. Separate regressions are 
given for significantly different (a = 0.05) samples (n  = 4). (Z  is 
depth (m), S is percent sand, and r2 is the coefficient of 
determination. ) 

Hexachlorobenzene, t r i c h  lorobenzene, and d i ch  lorobenzene were also 
measured but were below detect ion l imits o f  1 p g l d r y  kg in al l  samples. 

Most o f  t he  metals showed no t r e n d  w i th  change of depth,  but copper 
showed a s igni f icant  increase over  dep th  in the  CSDOC Year 2 samples; 
lead decreased in concentrat ion w i t h  dep th  (F igu re  7) .  A l though  no t  
plotted, there  were elevations o f  some t race metals (Cu, Hg, and 2 n )  a t  
t h e  shallowest si tes (100-200 m) in the  CSDOC area, p robab ly  due t o  
t h e  ex is t ing  CSDOC out fa l l  located shoreward in 60 m o f  water.  
Mercu ry  concentrat ions in t h e  CSDOC area were low, rang ing  f rom 0.05 
t o  0.1 m g l d r y  kg near previous measurements made on the  shel f  and 
slope in t h e  San Pedro Channel (Chen and Lu 1974). 

T h e  levels of t race metals measured in t h e  sediments were general ly  *%- . 

similar between CSDOC and  Point Dume. Due t o  the  h igher  sand -+ 
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Figure 6. Percent total organic carbon and nitrogen (mean 2 1 
standard deviation) in surface sediments (top 2 cm) over depth at  the 
CSDOC double-transect sites, summer 1982. Carbon and nitrogen 
increased slightly over depth, but the C:N ratio remained constant. 

content  of t h e  Point Dume sediments, lower t race metals values were 
expected. However, some metals, (such as Cd, Cr ,  and Pb) were 
h igher  o f f  Point Dume than a t  t h e  CSDOC area; chromium was . . 
s ign i f i cant ly  h ighe r  a t  Point Dume. Addi t ional ly ,  t h e  chromium levels a t  
CSDOC were s ign i f i cant ly  h ighe r  (about  20 m g l k g )  in the  1983 samples 
than the  1981 samples. The  reasons f o r  t h e  increase in chromium but 
no t  in o ther  metals is  unknown. T h e  regressions fo r  t he  remaining t race 
metals were no t  s ign i f i cant ly  d i f f e ren t  ove r  time a t  CSDOC o r  between 
areas. 

- . r  > 

Tab le  1 compares these sediment parameters t o  those measured on t h e  
slope o f f  Ventura  County  where the  same sampling and analyt ical  
methods were used (Hershelman e t  al. 1982). T h e  slope o f f  Ventura  , - -  - 
County  is  remote f rom a major wastewater ou t fa l l  and  has been 

A, 
- " 

descr ibed as a "normalH o r  unimpacted region (Bascom e t  al. 1978). '*-''-''. 
B '-:,';- ^ 

Sediment grain-size decreased (i.e., there  was a smaller percent  of , . .., .* 
sand) downslope; percent  of vo lat i le  solids and t race metal 
concentrat ions increased downslope (Hershelman e t  al. 1982). Trace 
metal concentrat ions a t  CSDOC, especially from 300 t o  600 m, were qu i te  
similar t o  those f rom t h e  slope o f f  Ventura  County.  Sediment t race metal , I:  

, < -  ) a ' . 2  <. ' 
concentrat ions a t  t h e  CSDOC area were lower by a t  least a factor  of 2 . 

* '  .T- -  +:  , 
than the  adjacent sediments o f  t h e  San Pedro Basin (samples taken 20 
km t o  t h e  west of t he  sampling area, a t  890 m ( B r u l a n d  e t  al. 1974)) .  ' , :-- . 3 , . <: - 4-; cr: 

Tota l  DDT in t h e  sediments showed n o  t rends  ove r  dep th  a t  CSDOC, * 
, : . ,-* ':Â 

$ 7  

but a t  Point Dume tota l  DDT showed a s ign i f i cant  increase ove r  dep th  z ,  

< z 

- ,  (F igu re  8) .  It i s  important  t o  note that ,  a l though DDT concentrat ions 53 - - e3 
.::,?$ ^Â¥ 

.--n- 
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Figure 7. Variation of six mean (2  1 standard deviation) trace metal - . -  . $ . < 

concentrations in surface sediments (top 2 cm) with depth at  the . + 

CSDOC double-transect sites, summer 1982 (OM is percent of sediment, - 
. 

< .  

which is organic material, Z is  depth (m), S is percent sand, and - c4  
R~ is the coefficient of determination). t. 

t 
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in t h e  Point DU~; sediments were elevated compared t o  the CSDOC 
<; 

sediments, due t o  d i f ferences in grain-size and organic material the - - - -  
concentrat ions were n o t  s ign i f i cant ly  d i f f e ren t  between t h e  two areas, )- 

? 

Concentrat ions o f  DDT and PCB were elevated ove r  concentrat ions - $ - : <  

measured in sediments f rom other  clean areas; f o r  example, 
concentrat ions o f  total  DDT measured in sediments f rom the  back side o f  . *. 

Catalina Is land in the  same dep th  range were 9 u g l d r y  kg (Chen and . z . , 7 1  . 
Lu 1974). It is usefu l  t o  note, however, t h a t  a l though t h e  mean DDT -, , ., 



concentration of 27 yg/dry kg from the CSDOC area was three times 
larger than these clean-area concentrations, it was 150 times less than 
concentrations measured in 1978 from the  same depth range off the 
Palm Verdes [White Point) outfall and 18 times It385 than tho@@ from the 
Redondo Canyon in Santa Monica Bay (SCCWRP, unpubtfsh data). - . - 
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Figure 8. Variation of mean ( 2  standard deviation) DOT and PCB :,a 
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A 

concentrations with depth a t  the CSDOC double-transect sites, summer 
1982 [OM is percent of sediment which is organic material, Z is . .- 3 .. 3T 
depth (m) , S is percent sand, and R~ is the coefficient of y d  - -  a* - ,"Sf-f 3 
determination). -. - a - -.' -Â¥" . 5--er  23 
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Figure 9. Variation of  mean (Â 1 standard deviation) number of 
bacterial cells over depth a t  the double-transect sites at  CSDOC, 
summer 1982 (n  = 2). 

Microbes in Sediments. T h e  number o f  bacter ia in t h e  sediment averaged 
8.7 x l o 8  ce l ls lcu  cm a t  t he  e igh t  double-transect si tes a t  CSDOC and 
showed no t r e n d  w i th  dep th  (F igu re  9) .  Subt rac t ing  bacter ial  carbon 
estimates f rom total  microbial biomass estimates showed t h a t  on l y  10 to  , 

36% o f  t h e  total  microbial carbon is  con t r i bu ted  by bacteria; it was 
there fore  assumed t h a t  t h e  major i ty  o f  microbial carbon in t h e  sediments 
was con t r i bu ted  by protozoans and meiofaunal metazoans. 

No information on bacter ial  densit ies of slope sediments f o r  t he  CSDOC 
region was located in t h e  l i te ra ture .  For  comparison, in ter t ida l  
sediments were found to  contain l o 8  to  l o 9  cel ls lgm (Anderson and 
Meadows 1967; Dale 1974), and Hargrave (1972) and  Dale (1974) 
calculated highly s igni f icant  correlat ions among sediment grain-size, 
organic material, and bacter ial  counts. In o u r  s tudy  area however, a - 

s ignif icant corre lat ion among these parameters was found on ly  between 
' 

g r a i n  size (mean p h i )  and percent  o f  organic material (Table 2).  It rs 
possible t h a t  t h e  elevated grain-size and amount o f  organic material a t  
t h e  canyon si tes were la rge ly  responsible f o r  t he  lack o f  s igni f icant  
correlat ions. 

Benthic I nfauna 
. .< 

p - -  
6 . .- :. , 

Species Composition. T h e  infauna f rom t h e  CSDOC and Point Dume 
areas were sampled us ing  a 0.1-sq m Van Veen grab.  T h e  samples 



were screened t h r o u g h  0.5- and 1 . 0 - m  sieves, but only the 1 . U-mm 
f rac t ion  i s  repor ted  herein. 

Species composition and abundance$ from the  49-site grid, October 
1981, were analyzed us ing  classif icat ion analysis (Smith 1976).  The 
fol lowing four site g roups  were identified (Figure 101, 

1. Outer mainland shelf. T h i s  g r o u p  was composed o f  10 sites in a 
dep th  range o f  105-342 m. T h e  two most abundant  species in th i s  
group,  t h e  polychaete Spiophanes nr. kroyeri and  t h e  oph iuro id  
Amphiodia urtica, were collected a t  a l l  10 si tes (Table 3) .  A. urtica 
and t h e  ostracods Euphilomedes spp. were commonly collected a t  
adjacent mainland she l f  s i tes (Thompson 1982). T h e  polychaetes 
Pectinaria californiensis and Maldane sarsi are  common inhabi tants o f  t he  
southern  Cal i forn ia mainland she l f  and become dominant in slope -skz - 

6 =* . . m- 

+.-. - .+r. - Â¥I 

assemblage (see n e x t  s i te  g roup) .  = L ~ -  

, . 4 
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2. Upper slope. T h i s  g r o u p  was composed o f  18 si tes in a depth  
range o f  282-388 m; M .  Sarsi and P.  californiensis were t h e  two most 
abundant  species. Many species in t h i s  assemblage also occur red on 
the  mainland shelf. On ly  a few species, such as t h e  echuiran 
Arhynchite californicus and t h e  ostracod Scleroconcha trituberculata, 
were res t r i c ted  t o  t h e  upper  slope. . . 

3. Transition group. T h i s  g r o u p  was composed of 15 si tes a t  a dep th  
range o f  396-487 m. While t h e  same two polychaete species were also 
t h e  most abundant  in t h i s  group,  several lower slope species, such a s L  
t h e  chaetoderms, began t o  appear. Generally, t h e  upper  slope 
organisms became less dense and more patchy.  

4. Lower slope. T h i s  g r o u p  was composed of s i x  sites a t  a dep th  
range o f  422-627 m, character ized by species w i t h  v e r y  patchy  
d is t r ibut ions.  Th ree  of t he  f ive most abundant  species were collected 
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Figure 10. Benthic infaunal species at the CSDOC area. Results of 
classification analysis show site groupings of infaunal grab samples, 
October 1981 ; sites with same shading had similar species composition 
and abundances. . . 

in on ly  one o f  t he  s i x  samples (Table 3) .  T h e  ostrocod Euphilomedes 
carcharodunta i s  usual ly  collected in shallower waters; in t h i s  s i te 
group,  however, it was collected on ly  a t  Stat ion 016, a sandy s i te  a 
the  base of Lasuen Seamount, suggest ing t h a t  bottom composition i s  
more important  than dep th  f o r  t h i s  species. O f  t h e  more commonly 
collected inver tebrates,  chaetoderms and enteropneusts were most - ' - 6 - -  - '  - 

abundant .  Compared t o  t h e  upper  slope assemblages, t h e  lower slope - 

assemblages were composed o f  many more species t h a t  a r e  un ique to  
these sites, for example, t he  clam Tinciaria californica and t h e  e c h i u r a n x " -  -- 
L is triolobus hexamyotus. - - x - , r 

= - -  - D i s t i nc t  zonation on the  slopes was no t  evident.  Many outer  shelf-. - . ;*Â 

species also occur red on t h e  upper  slope, and  bo th  upper  and lower - 

slope species occur red in t h e  t rans i t ion  sites. In general, t h e  u p p e r  . - 4 ^ - 



slope and t rans i t ion  si tes together  represent  a gradation t n  species 
composition between the  more d is t inc t ive  outer  shel f  assemblage and the  
lower slope assemblage. No d i s t i nc t  canyon assemblage was i 
species composition, as well as o ther  parameters such as spec 
r ichness, were similar in canyons and on t h e  slope proper .  
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Figure 11. Variations o f  mean (Â 1 standard deviation) densities o f  the &- - 
- two most abundant in faunal invertebrates (both pol ychaetes) over depth 
at  the CSDOC and Point Dume double-transect sites. Separate curves 
are shown for each area, but they were not significantly different. All 
samples were averaged (n = 8 a t  CSDOC; n = 4 at Point Dume). Data 
point a t  137 m from CSDOC monitoring station NT10 i s  included f o r = -  - 
comparison. 

T h e  d i s t r i bu t i ons  over  dep th  o f  t h e  two most abundant  in faunal  species, . 

M. s a r s i  and P. californiensis, a re  shown in F igu re  11 . M. s a r s i  was 
most abundant  a t  E si tes in t h e  CSDOC area, but a t  Point Dume it 

, 

reached maximum densit ies a t  t h e  K sites. T h e  reason f o r  t h i s  -.. T ,  

di f ference is no t  clear. P.  califofniensis was more abundant  on  t h e  . - 
upper  slope than  t h e  lower slope in bo th  areas but reached i t s  maximum . 

densit ies on the  mainland shelf, w i t h  average densit ies o f  422lsq m 
(Thompson 1982). Analys is  o f  var iance (ANOVA) on M. su rs i  and  P. 
californiensis abundances showed n o  s igni f icant  d i f ferences in densit ies 
between t h e  CSDOC and Point Dume areas o r  between years  o r  seasons 
in e i ther  area. 

Species Richness, Density, and Biomass. T h e  t r e n d s  in species 
r ichness, densi ty ,  and biomass in the  g r a b  samples were similar a t  bo th  
t h e  CSDOC and Point Dume areas (F igu re  12). Species r ichness and 
dens i ty  decreased ove r  depth,  but biomass was highly var iable due t o  
t h e  chance collection o f  large, widely d ispersed inver tebra tes  such as 



'? 

SITES ' 
E Q K S 

CSDOC (YB 1.m 2) 

0 ~ ~ 0  POINT DUME 

,g 
- .. "2 - ,-a . - 

: > .  . . -<.  - * 
- ^ -3 & 

-**. 
. T-'- .- 

1 , * -  , & .  - - 
' .  *,.+ . 

-A YR 2 - 
\ 0 ~ ~ 0  POINT DUME 

- ' 

-* 
, , ,- ,,- . 

300 400 500 600 
DEPTH (m) *.<. , 

Figure 12. Trends in infaunal assemblage parameter& over depth for 
the CSDOC and Point Dume double-transect sites. Separate curves are 
plotted for each area, although they are not significantly different. 

, , i .h t l , i  + dB G 

For biomass, the Year 1 and Year 2 CSDOC curves are plotted . 

separately because they are significantly different. , . 

echinoids, holothuroids, and  echuirans. Analys is  o f  variance revealed:" - . -  , ' ,>,. < - 
-+.e 

signi f icant  dep th  ef fects f o r  species r ichness, densi ty ,  and biomass. '..'. "-' ".: al - 
T h e  shallowest si tes (E)  had s ign i f i cant ly  more species a n d  h igher  * - - .A+ 

w. 
densit ies than the  deeper sites. - -2 

-4 



T h e r e  were no s igni f icant  d i f ferences in species r ichness o r  densit ies 
between Year 1 and Year 2 a t  CSDOC o r  seasonal ef fects w i th in  each 
year in e i ther  area; however, t he re  was s ign i f i cant ly  more biomass in 
t h e  Year 1 than  Year 2 samples a t  CSDOC. Th is  d i f fe rence i s  p robab ly  
a resu l t  o f  t h e  chance collection o f  large inver tebra tes  ra the r  than  a 
real seasonal f luctuat ion in biomass. Nonparametric analysis 
(Kruskal-Wall is tes t )  on t h e  data showed no s igni f icant  d i f fe rence in 
biomass between years a t  CSDOC. 1 

T h a t  there  was n o  s ign i f i cant  d i f ference in species r ichness, densi ty ,  
o r  biomass between t h e  two areas demonstrates t h a t  in fauna a t  t he  Point 
Dume contro l  area were similar t o  infauna a t  t h e  CSDOC treatment area. 

. , -., 

Epibenthic Invertebrates 

Species 
sites in 
species 
analysis 

composition. Traw l ing  was conducted a t  t he  double-transect 
bo th  areas a t  t he  same time as g r a b  sampling. More than  108 
of inver tebra tes  were collected by t rawl ing.  Classif icat ion 
showed upper  ( E  and G sites) and lower ( K  and S si tes) slope 

si te group ings .  T h e  f i v e  most abundant  species collected a t  each dep th  
from t h e  double-transect si tes a re  shown in Table 4. Four echinoid 
genera, th ree o f  them hear t  urchins,  of ten were collected in the  same 
t raw l  on  t h e  upper  slope a t  CSDOC. T h e  u rch ins  Allocentrotus fragi l is 
and Brissopsis pacifica comprised over  90% o f  t raw l  inver tebra te  catches 
a t  t h e  upper  slope sites. A .  f rag i l i s ,  a common member o f  t h e  benthos 
along the  outer  shel f  and upper  slope th roughou t  t h e  southern 
Cal i fornia border land was the  second most abundant  species t rawled in 
1977 from f o u r  areas, inc lud ing insu lar  shelves and Tanner  Bank,  f o r  
the  Bureau o f  Land Management Benchmark Studies (SCCWRP, 
unpubl ished data).  Brisaster latifrons was more abundant  than 
Brissopsis pacifica a t  Point Dume, whi le t h e  opposite was t r u e  a t  
CSDOC. 5. pacifica was repor ted  from t h e  CSDOC area (Hartman 
1955), f rom t h e  of fshore r idges and banks, and from the  slope o f f  
Oceanside (Fauchald and Jones 1979a) ; in contrast ,  B. lat i frons was 
found more to  t h e  n o r t h  (Nichols 1975). Spatangus californicus was a 
minor component o f  t h e  t raw l  catches. Small epibenth ic  shr imp o f  t h e  
genus Spirontocaris were commonly collected a t  a l l  depths, as was t h e  
clam Cyclocardia ventricosa. Cyclocardia is a common member o f  t h e  
mainland shel f  benthos o f  t h e  southern Cal i fornia region; Jones (1969) 
descr ibed it as a co-dominant w i t h  Amphiodia ur t ica  f rom more n o r t h e r n  
mainland shel f  areas. ^ 
O f  t h e  th ree asteroid species collected a t  t he  shallowest (E) sites, ? 
Luidia foliolata was t h e  most abundant .  A t  t h e  deepest (S)  sites, n ine  8 r 

F * astero id species were collected o f  which Myxoderma platyacanthum was 
2 

- - =Ã 
- - the  most abundant .  Sponges, ophiuroids, pennatul ids, and anemones 3 

- - 
- -= ^ 

- 5 2  
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able 4. Most abundant trawl-caught invertebrates a t  CSDOC and Point Dume 
niihle-transect sites. all samples averaqed. 

A ilocenrrorus rragnis \e) 

Rrjssopsis oacifica (el 
h n  tot o/mi 
tatangi. 

Ophiomusium iollensis (0) 
Distichop tilu 

thybenbix bairdi 
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Figure 13. Depth distributions of most abundant epifaunal 
invertebrates (mean number per trawl 2 1 standard deviation). 
Separate curves are plotted for each area but were only significantly 
different for A .  fragilis. These were significantly fewer during Year 1 
than Year 2. CSDOC monitoring station NT10, at  137 m, is included 
for comparison. 

1.21sq rn and  6 .  pacifica = 11.6/sq rn on t h e  upper  slope. On t h e  
lower slope A .  fragilis = 0.5/sq rn and  B.  pacifica = 5 / s q  rn .  ANOVA of 
the  t raw l  abundance data showed s igni f icant  d i f ferences in A .  fragilis 
catches between the  2 years a t  CSDOC, but n o  d i f ferences between 
CSDOC and Point Dume. For  B. pacifica, t he re  were n o  s ign i f i cant  
temporal d i f ferences in catches, but the re  were s ign i f i cant ly  more 
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~ i ~ u r e  14. Trends in epibenthic invertebrates (mean catch per trawl t 
1 standard deviation) over depth for the CSDOC and Point Dume 1+'? . 
double-transect areas. Separate curves are shown for each area 
although they are not significantly different. Number o f  species was 
significantly different over time at  CSDOC (shown separately) and 

Â :,-- - - e = - 
seasonally a t  Point Dume (not shown). - ,.*a - 

' 1 

caught  a t  CSDOC than a t  Point Dume. Di f ferences in the  d i s t r i bu t i on  
o f  t h i s  species between areas were noted above. 

Trawl Catch Parameters. T h e  numbers of species and Indiv iduals andi , 

biomass of  t rawl-caught  epibenth ic  inver tebra tes  showed t rends  opposite + 

f rom t h e  infaunal  g r a b  samples (F igu re  14).  Epibenth ic  inver tebra te  , - 

species r ichness increased w i t h  slope depth.  T h e  abundance and  



- -: . biomass of t h e  catches were l a rge r  a t  t h e  K si tes (midslope) in bo th  - - 
@G$- 

y- - 
areas than a t  t he  o ther  sites. These catches were composed mostly o f  

. r t h e  echinoid B. pacifica. There  was a s igni f icant  increase in t h e  
number o f  species a t  t h e  deepest (S)  sites. These s-ites represent  the  

a- glass sponge association discussed above, where there  was a s igni f icant  
increase in species r ichness due presumably t o  the  addi t ion o f  
suspension feeders. Spatial and temporal d i f ferences in t raw l  catches 
were examined by ANOVA; the  on ly  d i f ference over  time a t  the CSDOC 
area was in number o f  species: s igni f icant ly  more species were collected 
in the  1983 (Year 2 )  samples. There  were n o  s igni f icant  seasonal 
d i f ferences w i t h i n  each year, and the re  were no s igni f icant  d i f ferences 
in any o f  these parameters between the  Point Dume and  CSDOC areas. 

Fish 

Species Composition: Upper Slope. Forty-one species o f  f i sh  were 
collected by t raw l ing  during t h e  s tudy .  Based on classif ication 
analysis, t h e  t raw l  f ish catches could b e  d i v ided  in to  upper  (E and G 
sites) and  lower (K and S si tes) slope assemblages. T h e  upper  slope 
stat ions were dominated by th ree  species of f la t f ish (Dover  sole, 
Micros tomus pacificus; r e x  sole, Glyptocephalus zachirus ; and slender 
sole, Lyopsetta exi l is) and two species o f  rock f i sh  (spl i tnose rockf ish,  
Sebastes diplopora, and shortspine thornyhead,  Sebastolobus alascanus) 
(Tab le  5 ) .  Several species o f  small demersal and benthopelagic f ishes 
( b lackbel  ly eel pout,  Lycodopsis pacifica; bearded eel pout,  L yconema 
barbatum; blackedge poacher, Xeneretmus latifrons; bigeye starnose, 
Asterotheca pentacantha; and b lack  hagfish, Eptatretus deani) were 
regu lar  b u t  no t  abundant  members o f  t h e  upper  slope f i sh  assemblage. 
T h e  dominant benthopelagic f i s h  predators  on t h e  upper  slope were 
Pacif ic wh i t ing  (Merluccius productus),  sp iny  dogf ish  (Squalis 
 canth hi as), and, t o  a lesser ex ten t  sablefish (Anoplopoma fimbria). One 
member of t h e  upper  slope assemblage, t h e  shortspine thornyhead,  also 

. occur red on t h e  lower slope, a l though in reduced abundance. Since the  
, .. upper  slope has no abundant  indicator  f i s h  species, it can best  be 

viewed, as it was f o r  benth ic  infauna, as a t rans i t ion  zone between ;4 
t- , v shel f  and  lower slope assemblages. L 
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K Species Composition: Outer Shelf. M of t h e  u p p e r  slope f i sh  -.- - .% -5 
f 

assemblage also occur red o n  t h e  outer  shelf .  Upper  slope f ishes *? ^ - 
,̂ 

. comprised a mean o f  57% (SD = 16; n = 12) o f  t he  ind iv idua ls  collected 
=% 

^ 
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a t  137 m o f f  Orange County  (moni tor ing stat ion NT10) between 1979 and Â¥ 
1982. Upper  slope fishes comprised a mean o f  55% (SD = 19; n = 7) of . 'q 

r-* -- - t he  ind iv idua ls  collected between 174 m and 227 m f rom Point Durne to  - -:-- - - 
. . 1 

2- - .'? Point Conception. Slender sole, Dover sole, r e x  sole, and  b lackbel ly  ts ~q, . * * eelpout have been found to  co-occur o f f  t h e  west coast o f  Nor th  u -+J - 
- America n o r t h  t o  a t  least Canada (Lev ings  1973). . v 3 
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It i s  p ily the  j u v e n i l e s  
t h a t  comprised a la rge p o r t i o n  
= 15; n = 12) o f  t h e  ind iv idua l  
NT10 between 1979 and 1982. Larvae o f  slender, 
r e x  soles sett le o u t  o f  t h e  p 
move in to  deeper water. T h i s  p i c tu re  i s  complicated by seasonal - 

onshore-offshore movements associated w i t h  feeding and r e p r o d u c t i o n  - - - 

For  example, Dover sole move in to  shallower water t o  feed in the  s p  
and summer and r e t u r n  t o  deeper water in the  fa l l  and w in ter  to  
reproduce (Hagerman 1952). 

Species Composition: Lower Slope. T h e  lower slo 
were dominated by the  longspine (Sebastolobus a l t ive l is)  and  shortspine 
thornyheads (Table 5 ) .  Several small demersal and benthopelagic f ishes 
(b lack  hagfish; p u r p l e  bro tu la ,  Ol igopus d i a g r a m s ;  California rat ta i l ,  
Nezumia s telgidolepis; and blackmouth eel pout ,  Lycodapus fierasfer) a re  
regu lar  but n o t  abunHant members o f  t h e  lower slope f i sh  assemblage. 
T h e  dominant benthopelagic fish predators  on t h e  lower slope are  
sablefish, b rown  -cat shark  (Apr i s tu rus  brunneus),  f i le ta i l  cat  s 
(Paramaturus xan iurus)  , aurora rock f i sh  (Sebastes aurora), and 
b lackg i l  l rock f i sh  (Sebastes melunostomus~ (Cross, t h i s  volume) 

- - -- - -  - 
< - .  - ->Lz< 2 % 

Catches o f  t h e  d 6 r n t r ~ i i ~ ~ e c i e s  in Year 1 
compared us ing  ANOVA. Depth  d i s t r i bu t i o  
a r e  shown in F igu re  15. There  were s ign i f i  
f o r  a l l  species tested except  t h e  shortspine 
and slender soles and spl i tnose rock f i sh  we 
and  G sites than a t  t h e  K and S sites; longspine thornyheads were 
abundant  a t  t he  K and S sites. There  was a s igni f icant  di f ference 
between Year T and  Year 2 samples for  t h ree  species; more 
thornyheads, Dover sole, and slender sole were captured in 

Catches o f  t h e  dominant species in Year 2, 
Dume and CSDOC us ing  ANOVA, showed s i  
dep th  f o r  a l l  species. The  dep th  d i s t r i b u t  
dominant species between t h e  two areas ( F i g u r e  15). 
s igni f icant  depth-by-area interact ions f o r  a l l  species, 
t h a t  were due t o  d i f ferences in the  dep th  o f  maximum abu 
each area; f o r  example, longspine thornyheads were more 
t h e  K si tes o f f  CSDOC and a t  t h e  S sites o f f  Point Dume, w 
shortspine thornyheads and r e x  sole were more abundant  a t  
t h a n  a t  Point Dume. Despite d i f ferences in abundance wi 
between areas, the  d i s t r i bu t i ons  of t h e  dominant species, 
considered as propor t ions  of t h e  whole catch, wer 
between areas. 

Trawl Catch Parameters. There  were sigm'fican " th an 
d i f ferences for t h e  number o f  species collecte ' 
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Figure 15. Trends in three dominant fish catches [mean number per a 

trawl 2 1 standard deviation) with depth for CSDOC and Point Dume 
double-transect areas. . *is/awv? - - .,. ,. . - > ~t -, , . ,-.* :s F .- - .. 
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(F igu re  16) .  S ign i f i cant ly  more species were collected a t  t h e  E si tes -, . : 

(i.e. a t  300-400 m) than  a t  t h e  deeper sites, and s ign i f i cant ly  more 
species were collected in t h e  w in ter  than in t h e  summer. There  were I 

signif icant dep th  and  year l y  d i f ferences fo r  t h e  numbers o f  ind iv idua ls  
collected p e r  trawl;  however, there  was no consistent t r e n d  ove r  depth: ' - -  '-.- . S ign i f i cant ly  more ind iv idua ls  were collected in Year 2 t han  in Year 1. - +  
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figure 16. Trends in trawl fish catches (mean number per trawl Â 1- < 
standard deviation) with depth for CSDOC and Point Dume -'as 

- 4 
double-transect areas. Although plotted separately, there were no .: 4 < 

"'Â¥ 

significant differences between the two areas. Significant temporal 
differences are shown for number of  species (seasonal) and abundances 
(yearly) a t  CSDOC. - z 
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Y e a r  2 collections made a t  &DOC and point Dume were compared us ing  ... -- ., 3 
ANOVA. There  were significant differences over depth; more species ,- ---. ,, < 

..,-- were collected at  the E sites in both areas (Figure 1 6 ) .  A t  CSDOC, :-: :I - ?, - s. 
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t Contaminants in Fish 
K'c nickel,  lead, and zinc 

o f  t he  s i x  species o f  fi 
, (Table 6) .  Several (3-7) 

were analyzed. - e J 

? - - 
In muscle t issue, on l y  zinc and copper were rout ine ly  above 
l imits, w i th  occasional pos i t i ve  signals fo r  cadmium and chromium a t  - -  

** 
- * 

-7. -- v e r y  low levels. Si lver ,  nickel,  and  lead were n o t  measurable a t  - ,  
-. 

9 - 
r- detect ion l imits o f  0.004, 0.040, 0.030 mg lwe t  kg, respect ively. T h e  , A - -  s 

- ?  
1 - 

resu l ts  f o r  t race metals were in the range o f  concentrat ions prev ious ly  , :-- .-.s -3 - - IS - 
measured in f i s h  muscle (Schafer  e t  al. 1982; Young e t  al. 1978). -. -. - . ..-Kf 

-.~.* 
.A * -  , iS: 

Al l  t race metals concentrat ions were much h igher  in l i v e r  t issue, - - - --A 

al though n icke l  and lead were below detect ion l imits in bo th  t issue , T~ . .-<. 

t ypes.  H igh  l iver-to-muscle concentrat ion rat ios can be  explained f o r  - 9 

- d 

some metals by t h e  presence o f  metal-binding proteins, inc lud ing - . - .-= 5s - --- 
metalloenzymes and metallothionein, a t  much h igher  levels in l i ve r  t issue -=% 
than  in muscle t issue (Har r ison and  Lam 1982). O f  the  metals measured Â¥Â¥ "' -- t-2 - 

- -. 
in muscle t issue, copper and zinc were present  a t  measurable levels, - -+ A.d 

presumably because these a re  essential components of metal loenzymes . --;-. 
*. 

%., 

' % 

* - p resent  there  (B rown  e t  al. 1982). Elevated levels o f  copper and zinc A , % s- . - Â ¥ 7 1  

- .- - I . - Â  ^ in l i ve r  t issue are  a t t r i bu tab le  n o t  on ly  t o  t h e i r  presence in - . C *  
& -- . - 

a * .- 

metalloenzymes, but because t h e y  are  also bound in a nontox ic  form to  - - 
- 

metallothionein. T h e  l i ve r  also contains measurable levels o f  some , - -e - 

nonessential metals such as cadmium and s i l ve r  which have been shown - z. -ig . fS-S+-', z -< -- in o ther  studies to  b e  sequestered by metallothionein, t hus  rendered , . -. - ~ e  

nontoxic (B rown  e t  al. 1982). Nickel and lead, which are  n o t  requ i red  - - % 

for metalloenzymes, and which a re  no t  bound to  metallofhionein, were - Â¥ 
fc .= 

no t  detectable (<0.040 mg lwe t  kg) in e i ther  muscle o r  l i v e r  t issue. .L tr ̂ . s= - - - 
= < -  

> ., .-- ' Ã ˆ "  

Thus,  t h e  re lat ive d i s t r i bu t i on  o f  metals between t issues appears to  be  :- :=$j 
L& 

- .  tt" 
re lated t o  t h e i r  a f f i n i t y  fo r  specif ic classes o f  metalloproteins. -22 - ^ t ~  

DDT and PCB also were measured in t h e  muscle and l i v e r  t issue 
s i x  CSDOC species. Concentrat ions o f  t h e  to ta l  DDT in muscle ti 
ranged f rom 0.018 mg lwe t  kg in spl i tnose rock f i sh  a t  Stat ion E l 6  t o  1.3 
mg lwe t  kg in Dover sole a t  Stat ion 58. Tota l  DDT in l i v e r  t issue 
ranged from 0.52 mg lwe t  kg in sablef ish f rom Stat ion K12 t o  21 m g l w e t  
kg in sablefish from Stat ion S8. Muscle t issue concentrat ions o f  tota l  
PCB ranged f rom 0.003 mg lwe t  k g  in Dover sole f rom Stat ion 512 t o  
0.28 mg lwe t  kg in Dover  sole f rom Stat ion 58. Tota l  PCB in l i ve r  
t issue ranged f rom 0.079 mg lwe t  kg in Dover sole f rom Stat ion 512 to  
3.5 mg lwe t  kg in longspine thornyheads from Stat ion K12. Median 
concentrat ions o f  tota l  DDT and PCB f o r  a l l  species analyzed are  shown 
in Table 6. Results f rom t h e  analysis o f  these samples f o r  





-- 

ft hexachlorobenzene, tr ichlorobenzene, and dichlorobenzene y ie lded 
concentrat ions below detectable l imi ts  o f  0.001 mg lwe t  kg in al l  cases. r .  

-: *f}, ;,-.-i: . -  , ' .  ' , , ; . 7 ~  ~ . > ? x - a  ,,; c -  - < + t  - ,  , 
The  concentrat ions o f  t h e  tota l  DDT and total  PCB in t h e  muscle and 
l i ve r  t issue from f ish  samples, as in sediments, showed no t r e n d  w i th  
depth.  Also, l i ke  t h e  sediments, al l  t h e  samples contained h igher  
concentrat ions o f  DDT than PCB, suggest ing an inf luence o f  these 
concentrat ions f rom a source o ther  than the  ex is t ing  Orange County  ? ,  

outfal l .  - -  ,, a . ,  

. $ 
. .  

T h e  Pacif ic wh i t ing  and spl i tnose rock f ish  muscle t issue contaminant 
concentrat ions were equivalent  t o  t h e  lowest concentrat ion measured in a 
spo r t f i sh  s u r v e y  conducted b y  SCCWRP (Gossett e t  al. 1982a). T h e  
Dover sole, sablefish, and longspine thornyheads showed concentrat ions 
1 )  w i th in  the  kange o f  spo r t f i sh  analyzed from t h e  Los Angeles Harbor  
and 2) an o rde r  o f  magnitude lower than t h e  h ighest  mean concentrat ion 
measured in whi te croaker taken from the  White Point ou t fa l l  area, a 
region known to  be  contaminated by DDT compounds (Goss,ett et, al. - . ; x , c  

1982a). . 2 , J , 2 ; y f i  a,":: !. 

' 13, l_~, "Â¥Â¥Â¥; 'T ' - ;  - - 

T h e  elevated l i v e r  t issue concentrat ions re f lec t  t h e  par t i t ion ing  o f  these 
t race organic compounds in to  t h e  l ip ids  o f  t h e  body where they  a re  
stored (Gossett e t  al. 1982b; Freed and Chiou 1981). These 
concentrat ions are  on t h e  same level as those measured in scorpionf ish 
f rom Dana Point and San El i jo (Gossett, unpubl ished data) and in Dover 
sole from the  White Point ou t fa l l  (Gossett e t  al. 1982b). 
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SUMMARY AND CONCLUSIONS 

The  coastal slope can be  d i v ided  in to  upper  and lower slope habitats. 
These d iv is ions have been recognized as sediment facies (Malouta 1978), - - L - . -  

Foraminifera assemblages (Abrams 1979), and macrofaunal assemblages - 
(Fauchald and Jones 1978; 1979). In t h i s  r e p o r t  we have addi t ional ly  
shown t h a t  epibenth ic  inver tebra tes  and f i sh  can be  so d iv ided.  

. - 
r̂. -- f 

- -5Tj  - * 
Since t h e  sediment parameters measured in bo th  areas corresponded t o  -. ir -7 - - - 
levels measured a t  o ther  "normal" areas o f  t h i s  region and infaunal 
species composition was v e r y  similar to  t h a t  repor ted  by Fauchald and 
Jones (1978; 1979), we can consider the  two areas descr ibed herein as 
typ ica l  southern Cal i forn ia slope habitats. These areas also correspond 
well t o  t h e  more generalized upper  and lower archibentha1 zones o f  
t rans i t ion  descr ibed by Menzies e t  al. (1959). 

5 ', I , ,  

T h i s  s t u d y  completes ' the f i r s t  phase in an e f f o r t  t o  determine the  
' f t ?  

i I  ' .  
e f fects o f  t he  proposed Orange County  deepwater s ludge d ischarge.  'Wez  - 

\ + -  >. 2 
have documented the  spatial and temporal va r iab i l i t y  w i th in  t h e  . + ^ Â ¥  



t reatment area a t  CSDOC; we could find on ly  th ree  sediment parameters 
(percent  sand, percent  organic material, and chromium) t h a t  showed 
s igni f icant  d i f fe rences between the  t w o  areas. Near ly  al l  s igni f icant  
( ~ ~ 0 . 0 5 )  temporal ( yea r l y  and seasonal) d i f ferences w i th in  areas were in 
t h e  biological parameters measured, but near ly  a l l  d i f ferences between 
the  two areas were in the  sediment parameters. The  on ly  biological 
d i f ferences between the  two areas were in abundances o f  Brissopsis 
pacified, shortspine thornyheads,  and r e x  sole. 

Downslope grad ients  o f  increasing sediment organic material were 
shown. ~ d d i t i o n a l l ~ ,  there  was a g rad ien t  o f  decreasing dissolved 
oxygen (DO) such t h a t  t he  DO concentrat ion was below 1 m l / L  deeper 
than  about 350 m, near" the  boundary  o f  t h e  upper  and lower slope 
assemblages. The  d iv is ion o f  upper and lower slope assemblages 
probab ly  ref lects the  ex is t ing  organic material and DO gradients.  We 
t h i n k  it i s  l i ke l y  t h a t  s ludge d ischarge would change these two 
parameters t h e  most--i.e., organic material should increase and DO 
should decrease--but the  ef fects o f  such changes are  d i f f i c u l t  t o  
pred ic t .  For  comparison, on the  San Pedro Basin f loor  (downslope, 878 
m) the  DO was found t o  be  0.16 ml /L ,  t h e  organic material increased to  
10.3%. and t h e  mean number o f  i r i faunal species (pe r  sample) decreased 
t o  4 (Fauchald and Jones 1979). These circumstances suggest  that,  
a l though there  i s  adequate food (organic material) ,  DQ may l im i t  t he  
size of  the  assemblage. 

. s -. 
The  effects o f  s ludge on t h e  slope biological assemblages cannot be 
determined until d ischarge has begun. Following a suitable per iod o f  
discharge, sampling must  b e  conducted in bo th  areas exact ly  as it was 
in t h e  predischarge su rveys  repor ted  herein.  Analyses o f  variance and 
covariance may then b e  used to  test  f o r  s igni f icant  d i f ferences from 
predischarge condit ions a t  CSDOC and Point Dume (see Bernste in e t  
al. , t h i s  volume). 
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