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n the past three annual-¥eports,
we have reported on the recov-
ery in Santa Monica Bay follow-
ing termination of sludge dis-
charge from the Hyperion Waste-
water Treatment Plant 7-mile.-
outfall. Details of the sampling
design and the measurements
.appear in those articles. This year,
we present a more detailed report
.on ong component of the study—
. macrobenthic irfaunal inverte-
brates that inhabit sediment in the
bay. ‘
" Benthic infaunal organisms.
are- probably the best indicators
for-ecological recovery of this

-area becduse they are resident and

are not as mobile as fish and
larger invertebrates. Their ability
to recolonize the old shudge fteld
will provide-evidence. of the .
progress of recovery. Addltl()l’l-
ally, the infauna are probably
sampled with less bias than
macmmvertebraics and fish.
providinga stronger basis for
conclusions about recovery.

Matenaﬁs aﬂd
Mem@ds

Macrobenthos was sampled
from the R/V Marine Surveyor
(City of Los Angeles) using a
0.1 m? chain-rigged Van Veen
grab. Sites were located on
the 100 and 200 m contours
(Figurel).

The grab samples were
washed through 1.0 and 0.5 mm

Normal rocky bottom in central Santa Monica Bay at 110m.
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screens and fixed in formalin. In
the laboratory, animals were
sorted from the sediment and
identified to species level where
possible. In this réport, we focus
on the 1.0 mm fractions. The
0.5 mm fraction will be important
in determiining whether the
observed changes are due to
recruitment of juveniles or imini-
gration of adults.

We sampled three times in the |

: 18 months prior to termination of
sludge discharge. The outfall was

tumed off in November 1987 and .

we sampled eight times since then
{Figures 2-8). Preliminary (and
some partial) data is presented
_here; further data and analyses -
will be presented in the final
report after all analyses are
completed

Results and Discussioit

The Benthos During
Studge- mschaa“ge

Sludge was discharged from
the 7-mile outfall for 30 years. -
During that tiimie, there were five -
Identlﬁable mactobenthic assem-
" blages that inhabited the sedi-
ments of the outer bay (Flgure 1.
They were identified with multi-
variate analysis. These assem-
* blages reflected a gradient of
decreasing sludge influence from
the outfail to normal or referénce
- areas.

Only a few spemes could live
in the sludge field, and most of
these were unusual or
undescribed animals (Table 1).
The most abundant species was a
small polychaete, Ophryotrocha
sp. C (the ”C” means that it has
not been formally named). Actu-
ally, there are three closely
related, undescribed species in the
genus. Dave Montagne (County
Sanitation Districts of Los Ange-

s County) is preparing a sc1en;

~ known how they can live in these -

~ polychdete, Capitella capitata, at

* . and disturbance. Another interest-

Figure 1.

Zones of impact based on ordination and classification ahalyses of macrobenthic
infaunal assemblages sampled during three cruises before discharge through the
"Hyperion 7-mile sludge ocutfall was términated, Average abundances of the

dominant species in each assembiage appear in Table 1.
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- deep-séa near geothermal vents.
Solemya reidi did net occur in the-
sludge field where sulfide and
.contaminant levels were h1ghest

Farther away from the sludge -
field, and surrounding: the con-

. taminated zone, was a transition
.zone, The benthos there was more
like the benthos of the reference
zone. The most abundant species
in the ransition zone were small
clams Parvilucina tenuisculpta
and Axinopsida serricata (Table
1). Parvilucina tenuisculpta may
facultatively use endesymbiotic
bacteria like Solemya reidi.
Parvilucina tenuisculpta grows to
much larger sizes in the transition
zone than in the reference zone.

The reference zone at 100 mis
dominated by a smail red ophiu-
roid, Amphiodia urtica. This

fific publication with formal .
descriptions and names. It is not

highly contaminated sediments
where most other species cannot.

Surrounding the sludge field
was a less contaminated area that
was dominated by another

densiiies greater than 2800/m?,
Capitella capitata is a cosmopoli-
tan indicator of contamination

ing inhabitant of the. contaminated
zone is the gutless clam, Solemya
reidi. Tt enly lives in areas with
hydrogen sulfide in the sediments
and uses endosymbiotic bacteria
to oxidize the sulfide for energy
(Powell and Somero 1985).
Similar metabolic strategies are -
used by animals that inhabit the




_species is commion in other
reference areas along the sounthern
California coast (Barnard and -
Ziesenheme 1961, Thompson et
al. 1987). It is sensitive to sedi-’
ment contamination and responds
by decreases in abundance; it is’
not collected nedr. sewage

- outfalls.

. The total number of species
and individuals collected per grab
differ among the zones. The

-npmber of species and 1nd1v1duals
was lowest in.the slidge field: and
contammated Zone. The number

of individuals was highest'in‘ the
transition zone (Table 1). These
parameters charactenstlcaliy are.

‘highest at sites with intermediate

disturbances and lowest near
sources of contarhination
(Pearson and Rosenberg 1978,
Swartz et al. 198‘6}. :

i ﬁrsan@es i me emh@s

As recovery proceeds, the

s abundance of indicator specxes
“and other assemblage parameters. .
in the impacted zones should

become more like the reference
zone. Recovery will be complete
when there are no significant
differences between parameters in
. the impacted and reference zones,
The macrofauna have changed
- considerably since sludge dis-
charge was terminated. The
- abundance of Ophryotrocha sp C
increased by almost ten-fold in
the sludge field, but decreased to
near zero in August 1990 (Fig-
ure 2). As Ophryotrocha de-
clined, the zone became domi:
rated by C apzreg,’la ,qapztaia 1
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(Figure 3). At about the same
time, Sofemya reidi began to
move into the sludge field (Fig-
ure 4). The abundance of ‘
Capitella capitaia had decreased

 dramatically in the sludge field by

the last sampling perwd
Parvilucina tenuiscultpa have
steadﬂy decreased in abundance
in the transition since discharge
was terminated. Bt they have
increased in abundance in the
contaminated zone as conditions-
improve (Figure 5). Evcntualiy
- therr abundance should decrease
in both of these zones as refer-

ence zone organisms. becomie

established.

Amphzodza urticd abundances '

remain low in all'but the refer-
ence zone. (Figure 6). One prom-.
ising sign is the discovery of a

few juvenile 0ph1ur01ds probably

Amphiodia wrtica, in the most
recent sartiples from the sludge
field. We-do not know how long
it will take for this species to

" recolonize the impacted zénes.

Species richness has increased

“in the contamindted and txansmen

zones to nearly reference levels.

- (Figure 7). The sludge field has .
five times more species now than
during sludge discharge. The
number of individuals has also
increased dramatically int the
sindge field (Fi g’ure 8), mostly
due to the invasion of thousands
of Capzrella capitata. As recovery

* proceeds, the number of individu-

als should increase to pre-termi-
nation transition zone levels in the
sludge field and contaminated
ZONES beforc dccrcasmg to refer-
ence levels. . ' :

' As rccovery has progressed
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Table §.

Average abundarnces {mean number/mzj of the most common and abundant benthic-macrofauna coliected in each zone of

Impact or assemblage as aden‘tlﬂed by class:ficatlon analysis; based on three pretermination cn.uses

Mean Biorhass (wet g) per m?

. 100m - 200m Sludge
. Reference Transition Reference  Contaminated Field -
© Species Taxon® n=7) (n=13) (n=12) n=13) {n=6)
Amphiodia urtica e 640 -3 0 5 0 .
Spiophanes missionensis. P 366 - 1635 5 -0 ¢
Medicmastus sp. P 163 62 7 2 2.

. Spiophanes fimbiiata T p 437 203 - 78 0 -0
Melinna heterodonta” P 0 .8 . 48 0 0
Axinopsida serricata m’ 151 3481 309 3 6
Decamastus gracilis P 6 847 5 0 9
Paraprionospio pirinata p <23 © 93 67 4 -0
Parvilucing tenuisculpta m 76 3996 62 349 4]
Felling carpenteri -m 43 97s. 20 . 81 . 2 ;
Capitella capitata p 6 . 47 0 2818 28

© Sigambra tentaculdta p 0 3 0 158 3
Solemya reidi . m’ 0 t 0. 64 3
Ophrystrocha sp. B P 0 0 0 25 8
Ophryolrockia sp. A p 0 0 0 45 223

" -Ophrystrocha sp. C: - 0. 0. .0 81 <450
"Orckamene emaquela e 0 0 (4] 0 5 8
Mean No. ‘Species per grab 84 62 .27 ¥ 6
Medn No. Individ: pef m? 1197 12808 1026 3082 760

119 368 - 120 200

2%

ae;aechinédenﬁ, p=polychacie, m=moilusc, c=crustacedn

‘macrobenthic assemblages in the . __
' changes, numerous changes have. -

transition, contaminated, and
sludge zones have become miore
like assemblages in the adjacent,
less contaminated zones (Figure
9). The ordination scores of
assémblages from the impacted
zones are moving through ordina-
tion space towards the reference
zones. Eventually, scores from
the impacted zones should be-
come similar to those of the
referénce zone at the same depth.

Along with the biological

occurred in the sediments, which
are presumably causing the
biological changes. Concentra-
tions of organic material, hydro-
gen sulfide, trace metals, and:

chlorinated and petroleum hydro-

carbons have declined in the
sediment, but at different rates.
We de not know which sediment
compenent(s) is driving the
biological changes. More rigorous
analyses of the data may help

" understand these relationships. -

None of the macrofaunal

" measurements indicate that

recovery has occurred in the
contaminated zone or the sludge.

field. The City’s Environmental =

Monitoring Division will continue
to sample some of these sites in
the future. We do not know how
long it will take for the macro-
benthic fauna in the sludge field
and contaminated zones to com-
pletely recover. i




Figure 9.

Recovery of benthic macrofaunai assemblages. Ordination analysis {Smith et al. 1988} was used to compare the scores of the
pre-termination assemblages with scores of post-termination cruises. Scores of the siudge field have moved towards scores
of the reference zone in the ordmat;on space,
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