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SUMViARY 1,TID CONCLUSIOl-:S 

(1) San Diego Bo.y has a surf~ce ctrea of r,pproxi-

1wtely 18.5 square uiles. The b:iy is 

surrounded b~r metr::r;_.;olitan San Diego, a.nd 

r.:ost of the sh::-ire line h~•-:i been developed 

for recreational, reGicentiul, rilitary or 

industrial use. There i3 no dilution of 

San Diego Bay by fre:oh,i-3.ter in the sumr:ier 

::.nd salinities ranc:;e fr)m 33 to 34 ppt 

(parts per thousand) over most of the year. 

A decreased amount of waste•,1ater enters the 

bay since the completion of an off-shore 

ocean outfall in 1963. Prior to 1963, a.11 

municipal and inoustr5_al 1fastes uere dis

charged to the b~y. 

(2) Pollution to the bay results principally 

from a tuna cannery, ~ kelp processing 

plant, naval vessels and a storm drain 

from the San Diego Zoo. Off-shore from 

the!e ,-,aste sources, rapidly decompol!ling 

sludge deposits restricted the number of 
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kinds of bottom-associated organisms to 

three or less. 

Less thA.n five kinds of organfrms or 

more than 200 polychaete worms· per squc,re 

foot A.re considered t'.) be indicative of 

polluted condition:o in San Diego :Gay. 

(3) The naval pier ::;rea i:1 Central Ba:r con

tained sludGe ranginc from 14 to 44 

inches in depth. Botto'il organisms were 

predominantly polychaete worm.3, an indi

cri.tion of moderate to :oevere or3anic 

p'.)llution. J?'.)l].ution tolerant 2,1ails, 

:cuds :'nd shrimp were present ,,here the 

sludge was partialJy stabilized. In some 

:1reas, ,'.lct}.vely decomposing :::11:dze with 

high orgn.nic cci.rbon values, ranging fror.1 

3. 9 t::, h. 5 percent, covered old decayed 

sluc'.ge that probably '.,as cle:iosited by the 

city of San Diego before :963, indicatinG 

a contindng contribution to sludge beds 

from naval ships d::icked in the area. 

ii 

http:sluc'.ge


(l+) The channel off-shore from the naval 

}_)iers vras covered b~r 33 inches of older 

and more stable sludge that supported 

over 1300 polychaetes per s~u~re foot. 

Sludge from the naval a.reas a.pparently 

was beinc resuspend.ed, trar:sported. by 

currents anr~ redel:)OS iJ.:;ed in the chJ.nnel 

tl1us producing ,'.'.!1 ::irganic:1llJ enriched. 

cl:.::mnel bottor;1. 

C: \ 
( ,· ) 

.:.,;1d one other kind of orc;:u1is 1'.1, :1n indi-

cation of moderate to severe pollution. 

:!<':1rther ins ioe the bay, the hottom area 

::anr;::led contained no .:lud::i;e but was slightly 

rolluted ,;,-rith or~anic material that supporter':. 

462 polJrchaete~ per square foot, plu~ only 

three other kinds of organisms. 

(6) Sludge and oils covered the bottom north-

1rest of the 10th Avenue I-iarfre Terminal. 
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The combination of sludge and oil was 

toxic to most benthic '.)rc;anisms rnd 

inhibited the clecornposition of the 

sludge. 

(7) S'.)uth Bay was polluted in two areas: 

(a) The heated cooling-water effluent 

frori1 3. steam electric plant caused an 

increased growth and die-off of micro

scopic organisms that Gcttled to form 

deposits of organic material. Over 1400 

pol:,;rchaetes per square foot and one 

species of pollution tolera~t snail 

existed in the effluent channel. (b) 

A~ae were matted over 10,000 square 

feet of bottom off-shore fro~ the Rohr 

Aircraft Co., indicating the discharge 

of nutrients into the ~rea. This a~al 

mat is n potential nuisance. The die-off, 

decay and resulting odor problems could 

restrict additional property development 

and beach utilization in the area. 

iv 



Seven to eleven kinds of organisms 

existed in this polluted environment. 

(G) North Bay was polluted by a storm drain 

from the San Diego Zoo which discharged 

,-,astes in the vicinity of the B 3treet 

i;ier. Benthic orgc.nisms were :pre(,omin

antly rolychaetes; sludge covered 

approximately !.~o,ooo 2qu2-re feet of the 

bottom and prevented colonization by 

food organisms of sport fishes. 

('.;) The Carrier Basin contained n.pJ:!roximately 

38 inches of stable sludge supportinG 

both polychaetes and molluscs. Settle

able solids from carriers ~cored in the 

basin probably contributed to this sludge 

bed. 

(10) Harbor Isla:nc1 Bay contained organic 

debris that supported over 6,000 poly

chaetes per square foot, a result of 

moderate organic pollution. Enrichment 

was due to dredging of sand from the bay. 
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The sand is removed, but the light 

ore;anic ;no.terials are washed back to 

the area thus effecting"' concentration 

of organic raateri;-,.ls. 

(11) The Commercial Basin G.nd Shelter Island 

Harbor contain debris and old stable 

sludge. There :,,re vessels within both 

,:reas that coulcl discharge settleable 

solids to the water. .4.lso, settleable 

materials transported into the bay by 

inflowing waters would tend to deposit 

in these :creas. 

(12) Excepting the submarine base ,rhich was 

not sampled, the remainder of Horth Bay 

contains pollution-~ensitive organisms 

that reflect the unpolluted conditions 

existing at the harbor entrance. 

(13) Preventing the discharge of settleable 

ori:;anic wastes into San Diego Bay would 

prevent sludge bed formation and improve 

bottom conditions b;ir allowing more rapid 

vi 
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decay of present sludc;e beds, thus pro

viding an improved habitat conducive to 

the growth of food organisms for 

desirable sport fishes. Water quality 

would be improved, providing an environ

ment more conducive to boating, ,rater 

skiing, ~wimmtng and Sl!.Sthetic enjoyment 

of the bay. 

(14) San Diego Bay has improved in condition 

since the construction of un ocean outfall 

in 1963. Hater quality i~ the bay can be 

improved further by the prevention of waste 

discharges to the bay from the sources 

listed above. 
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INTRODUCTION 

Sar. Diezo Bay, a crescent shaped_ natural water body, 

has a length of approximately 15 mile3, a maximum width of 

bro :md ::me-half miles and o surfc1.ce area of about 18. 5 

s~uare miles. Water depths vary fror:: less than one foot in 

the southern end to 41 feet in the harbor entrance. The bay 

is surrounded by metropolitan San Diego with a population of 

over 8Go,ooo. The shoreline orea, with the exception of a 

few small sections, hns been developed for residential, rec

reational, milita17{ or industrial use.s. A deep-water h~rb::ir 

a!,d extensive docking facilities pern5-t use of the bay for 

naval activities, maritime commerce, industrial use, research, 

ethetic enjoyment and recreation. Varied forms of recreation 

enjoyed on or in the bay waters are: boating, fishing, 

swimming, water skiing, and wadine;. 

There is no dilution of San Diego Eay by freshwater in 

the summer 1.nd salinities range from 33 to 34 parts per thousand 

(ppt) over the entire year except in the south end of the bay 

,rhere evaporation may increase salinities to 35 (+) ppt in the 

summer. Average water temperature varies from a high of about 

26° C during late summer to a low of 14-16° C during the winter. 

1 
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Prior to 1963, municipal and. industrial wastes fro!;1 

the r:,etropoJ.i-tan areas 1:ere di:;ch:,.rged. into the bay. Si.nee 

the C0!11J?letion of an off-shore ocean outfall, ::i. riinimum 

amoui,t of wastes now enter the ba:,,-. 

This biological survey ':ms requested by the Southl·rest 

Regior., Sa:.1 :;)iego Bay Study, Federal Water ?ollut ion Control 

Administration, U. s. Department of the Interi::,r. The 

objectiYe of the survey -rras to 8.ssess the effects of f'.Jllution 

from sh::.:i_:;s :md industries on the biota of San Diec;o "2,;:,.,y. T:1e 

period of study uas October 8 to 28, 1-967. 
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The effects of pollution 0:1 "rater quality are indi-

cated by biological populations anc the chemical composi-tio'1 

of bottom :,edimen-ts and. water. This surve~r included studies 

of the dfrtribution n.nd diversity of invertebrate organisms 

rresent i:1 ,,r on the bottom, a:1d depth an0 c.:her.1.ical co_-q_;:-i,:d.-ci'.)r 

of the :)e:,thLc sedir:ients in the 1:Ja~,. 

reveal c:,u.r:.0es i"'l the environment brou;;':lt :=:.bout l,~, the 

Gctivities '.)f man. Bottom c.ssociated or benthic organisr.rn 

best reflect these cha11ges because ·che~' have life spar,s of 

one yenr or nore and, because of limited locomotior., they o.re 

restricted to local areas. Thus, they reflect past and rirese:1t 

water qu:.i.lit:r ::.t a specific samplin~ -point. In an u:-:polluted 

environr.1e1:t, "bottom-associated organisms are usuo.lly represented 

by ma~, l<::inCs of orsanisms with few individuals representinG 

each ld.;.1c~.. L1troduction of organic substances into the water 

usually reduces the number of kinds o.nd increases the munber of 

i;:dividual crgan5.sms; however, severe pollution by organic sub

stances effects a reduction of both numbers and kinds of 

or~nnisms because of the production of toxic decomposition by

products such as hydrogen sulfide. 

http:organisr.rn
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Bottom-c1.ssociated orp;anisms are on important link in the 

food chain of~ water body. In an unpolluted bay a healthy 

benthic population results in the production of shellfishes 

and fin-fishes of value to both sports and commercial fisheries. 

Pollution restricts benthic popula.tions :md effects a reduction 

of higher aquatic ore;a:!'lisms of interest and value to l!lan. Hater 

contact sports are also restricted by the pollution of a bod~/ of 

water. Turbid water, floating materials and sludge-like bottoms 

ere aesthetically revolting. 

The chemical composition of benthic deposits gives an 

indication of the effect of such clerJosits on water quality :;nd 

associated biota. Deposits rich in organic carbon and nitrogen 

exert a high oxygen demand 2.s they decompose. When undergoing 

anaerobic decomposition, they release hydrogen sulfide and methane 

gas into the water, thus producing o condition toxic to the biota 

because of a. lack of oxygen and the presence of sulfide. Such 

deposits are nutrient reservoirs that supply nutrients to a body 

of water until the deposits are finaJ.ly decayed or covered. 

Investigative Methods 

To nid data presentation: Son Diep;o Bay has been divided 

into three sections: South Bay, Central Bay and north Bay (Figure 1). 

http:finaJ.ly
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FIGURE I. S.l\MPLING STATIONS ON SAN DIEGO BAY, OCTOBER 1967. 
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S::mth Ba:.r consists of the area Sr)Uth of the re:,erve fleet, 

n::i.val piers 10-13; Central :;Ju.y includes that portion frora 

the reserve fleet to the ferry crossing; North Ea:r contab.s 

the remab1d.er of the bo.y from the ferr,sr crossing to the 

cha.nnel e,1tro.nce. 

A Petersen dredge was used to collect bottom-associatecl 

organisms. 1ifter a bottom sample n,,s collecteel with the dred0 e, 

it vas placed in a smaJ.l tub. Hater 1ras added and the san7Ple 

was mixed to :i. slurry ar.d .:;':,rainec1. through :, U. S. stcmc.ard 

?Jo. 30 mesh .:ieve. The or_,;anism:, :-nd coarse debris uere re

moved from the sieve and preserveC:: for later examino.tion i:1 the 

laboratory. J.esults are presented in Tables 1 and 2, and 

Figure 2. 

To d.etermine the extent and co:r.dition of sludge deposits 

in San Diego Bay, core samples were collected with 2. Phleger 

ty:pe cor:!.n.::; device. 3ectior:s of eG.ch core were placed in labeled 

containers and returned to CincinnD.ti for chemical anaJ.y~es. 

Sludge depths uere determined by r:i.easuring the depth or length 

of penetration of the corinc; r'l.evice, evice~1t as a smear of sludge 

or r.rud on the ontside of the device, ~·.nd the length of core 

http:CincinnD.ti
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WORMS, SAN DIEGO BAY. OCTOBER, 1967. 
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the high temperature adaptation of or1ly a few organism ty-pes 

that consurne or digest the organic materials. 

In contrast, on the other side of a jett~r separating 

the effluent channel fran the bay (station 49), 118 poly

chaetes per square foot and seven kinds of other orga.'1isms 

indicated a cooler and unpolluted environment (Table 2 and 

Figure 2) • A gray mud and sand mixture c0!1tained 1. 6 percent 

organic carbon and 0.1:C, percent organic nitrogen. A sample 

of clay, sa.i.,d or loam soil! would have O. 4 to 2 .1 percent 

organic carbon and 0.02 to 0.10 percent organic nitrogen . 

Off shore from Rohr Aircraft, stations 47 and 4B, 

polychaete populatiorus numbered as high as 498 organisIM per 

square foot (Table 2). The most :prombent fea.ture of this 

area was a bed of algae extending from shore t o a cepth of 

ten feet a.~d covering approximately 10,000 square feet. This 

luxuriant growth, coupled with the number of polycbe,.etes in 

the area, indicates an area of moderate pollution. Such an 

extensive algal mat represents a potential m1isa.nce to future 

shoreline development. 01.ors resultinG from the die-off and 
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d.ecay of o.J.:;ae are ~:imilar to th:x,e fro1,1 rotti:r..c, se,;~se 

a:.d are rot co'1d,-1cive to the develapr.,e::t of :,;,,~ ci.rea for 

::.·ecreational, resider;tial or inc:ustri::.1 uses. 

other tha."! the tuo .:::.reas r.1e1:tiTcrl, Jouth Ba;<, hac.l :::, 

variet:.r of ::>r:;::,nisms, J?O~rchaete ,,o:rm =•Opulatio::;s ,·.s hi_:-;l1 

as 829 per square foot, a:~d a sa,10_ 2.:::d cla:: botto1;1. Ar-ci-

1ficial .:,ubstrates placed :1ear stisti:::,11s ~-2 a;:d 53 collecte,:

J+ ~dr:.cls of 0r::;a:1isms nwn'ueri::c; 1032 :;_:.,er square foot. Two 

SCuT.>A c1.ivers ,,,1:o surveyed parts of Sot1.tl, :Sa:.- ;,oted thd t~1e 

area appeared relatively unpolluted &:~cl hic;hly enriched, 

t~rpical of environments where water circulation is r.,inir.:.al 

and natural build-up o:f r:utrients occurs. 

Central Ba~r 

Cea'vral Bay Has the most polluted section of San Diego 

Bay. The most kinds of bottom-associated orc;anisrns in 

Central Day were nine at Station 9~ which Has only slightly 

affected by :pollution. In the area of the reserve fleet 

(statio1~s 1~4 through 46), benthic populations contained as many 

as 309 polychc-•.etes per square foot with only 1 kind of other 

orca.nism (Table 2). A two-inch layer of decomposing sludc;e 

http:r.,inir.:.al
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with organic carbon anci. nitroc;e:· values of lr. J. percent a.'.·:c" 

0.36 percent covered the 1)ottcr. 'j_'he reduced variety oi' 

organisms and the :i;:rese:-:ce of rlecomposing sludge are tyTical 

of areas :polluted by organic materials. 

Bottom-associated orgc1.n isms collected from between 

the 28th Street pier and the l•101e :Dier 11ear the 7th Street 

channel (stations 29 throw~b l~3) were predominantly poly-• 

chaete.s (Table 2 a1'1d Figure 2) . Between piers one and two, 

the bottom supported S27 p'.'.JJ.yc:112.ete worms per rquare foot 

denoting a moderate, but not severe enrichment. In this area 

(stations 32 and 33), or;-;21.nic cc1.rbo,-l values of 3.3 to 11 .. ) i·er-, 

cent in the top la;\rers inclicated 3- possible recent addition of 

settleable solids, a rort ion of Fhich 'l;as contributed by the 

discharge of wastes frorr. t:100:;.-ed naval vessels. Ir:,side the 

pierhead line, of piers 2 throur,h 8, the benthic po-pul2,.tfo'1 

was restricted to a few rolychaetes orlly, with the exce::;:,t:Lon of 

:station 42; indicating severely polluted col'lditiox1s. Mi_dway 

between the end:s of the piers and shore (stations 35 and 33) ~ 

the top layer of the slua.ge samples h2d organic carbon contents 

of 3.8 and 3-3%; these co:,tent.s are ty]?ical of decayin[; dei:;osit;;;, 

At the pierhead line (stations 37 end 39), two to three k:L-d.s 

of organisms were able to exist in addition to polychaetes 



indicating modera:t.e but not severe })OJ.lution" Severe ore;:, ,·-;, 

pollution results in very lrn-r nu.mber·s of })Olychaetes :'..rHi no 

other kinds of org:misms, such as represented at station .i13 

with 19 polych9.etes per squnre :foot and no other org2-m_sms. 

The bottom o.t this station h2d. c•. clecomposinb sludge 1ayer ,.,:'it., , 

organic carbon and nitrogen values of 5.6 and 0.38 

respectively. Core samvJes tal~en o.t the pierhead Jj_ne (;:: :_~.-, t:i.o , 

34 and 37) contained a top lo..yer of ::: ludge with organic ce.rbo ·, 

values rnnging from 2 .5 to 2' ,8 percent .,:md organic rd_troge)l 

values of 0.17 to 0.18 percent :i.nd.icating a. more stable sludge!, 

Gradation from active :-,lu.dge inshore to '.'. more sto.ble 

sludge in the pierhead area was substm1ti2tecl by divers who 

swam along a trnnsect of the area. The divers described the 

bottom as soft-muddy silt with a dark black sludge layer uncle:: 

the piers. Sludge was not as ::;pparent to the divers n,,::.:r t : 1c 

pierhead line compared to midway betweer1 shore and the pierh(~2.ci. 

A variety of fish in the area ancl a qualitative sanrfd.e: c:f t1in0 

kinds of organisms taJrn1'l about :five feet from the bottom on e, 

piling at the end of pier four indicated that the qmtlit;sr of 

water overlying the bottom 5.11 the vicinity of the p.lerheacl line 

was not severe1y degraded. Settleable organic solids are the 

most significant pollutants il'l. this area. 

http:pierh(~2.ci
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At st:ition 42, l pollntiCJ;·' tole r ant sr1aiJ. ,.:.nc1 11 

chaetes per sq_u3.re foot were ;0 ble to exist. The bottom was 

covered ~Tith 33 inches of sluclge cont2.ining 2 .2 percent or::;:.··,j_::: 

carbon a;:d 0.14 percent oro;anic nitrogen. These values i:nr':L -

cJ.te a deca~red sludge. 

Cberiical analysis of core samr,1es from station::: 3l+, 

37 ar..d 38 revealed 2. layerbe; of sludge. These areas h2cl 8 to 

17 inches of sludge capable of undere;oing further decay over-~ 

lying 6 to 18 inches of sludge with organic carbon values af 

5.2 to 9.9 percent and capable of active deca;,t (Table 3). Thie 

situation 1:as the reverse of the usual sludge bed where activel:r 

decaying sludge covered decayed sludge. Before 1963, the city 

of San Diego discharged sewage into the o.rea of the l'lavai pier,s 

with the resultant build-up of an extensive sludge bed, ,:; :7 ce 

1963, the city has discharged to 2.n ocean outfall and. t11e .:1uc7c;c-: 

1
beds in the bay have been reced iq;. If these sludge l)ecl3 ,~ere 

deposited rapidly, thus preventing aerabic decomposition of 

carbonaceous materials, they mc.y co::itain large amou,"1ts o:i: 

decaying matter underneath a top layer of decayed sludge. Also 

currents caused b:l the movement of rmval vessels i1, the 1rea 

----------------------------- ---------··--·" 
1Anon. Report on Water Q,uality Co~trol Palicy. The Resource~o 
Agency, State of Califorflia, 1966. 

http:sq_u3.re
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ma'; he co!"tir.nally removing the oB c,ecayed sludge i:, some 

areJ.s 1.r:d redepositing it over .. ct:i.vely deca~rir.e; J.lyers.c

Orc;Ccnic c~.rbo:' values for the to:p L:1~rers of sludc;e shonlc7 

be below 2. 0 r:ercent, represertative of old or ,,ell deccwed 

sludge, if ;:0 <~dditior.al sludge has been addecl sfr:.ce the 

city st0::c,pcd discharge <.1.nd if deco.:·ing sludc;e has :r.ot been 

uncovered.. 

L the channel offshore from rier 3 (stat for, 36), ,~• 

bottom cor,1pos ed of 33 inches of ;;:> 1.rt i illy 0 ec;racled sludge 

mixed Hith ··a,,d supported 1,346 p:-ilych-:etes per sqlnre foot 

:.1:1d three Linc1 s of other organisns. The slucc;e a:1d s5,;·,,1 

mixture h1J orc;a:,ic carbor,_ :md :r.it:ro,~e!1 values of 3,; anc: C.24 

percent ~espectively. Offshore fron the 28th Street pier, 

&.rtificiil :::1..'bstrates ha::c,ing from ~, buoy i:, the channel con

tained over 3, l78 organisms per square foot as OJ)posed to L:.88 

per square foot in South Bay. Such conditions are bdicdive 

of moderate pollution and may be due to resusper.sio:i and 

deposit:i.on of sludge from betwee:-: piers i:-to the channel rs a 

res1.1_J_t of frequent ship movements i:n the :.trea or to the clischar3:e 

of uastes fro,;: nav:,l ship::, into the b&.y. Across the bay rnd out 

of the ch:.~i~el ( statio:~ 54), a core sar.ple contai~1ecl sa::ct, dlt, 

http:deposit:i.on
http:dditior.al


··V"'lr., 0.03 per-

cent orc;ar.ic :-i.itroc;cn. 

i:--:~c the "ba;/ at n 1:oi::t aprroxir.:atel~'f 2~0 :rards froE1 ::hore. 

IJes.r the outfall, ,:-here scouri11c; rctj_'J::; i-,revented. slud.:-:;r; 

build-up, 152 l,olychaetes rer squ.::1.re foot and o:!"..e othe:::-

or0a:1isl'l we:::-e 2..hle to exist. Low !lUmhers of }?Ol~.rcho,etes, 

27 to 35 per cquare foot, 8.S 11ell as zero to one kind of 

on;anism other thaii polycbaetes (Table 2) Here found i:1 

areas sam~_led approximately 100 feet north and 200 feet 

east of t11e outfall (stations 27 and 28). The botton ,ras 

hlc:~1':eter. ,·ith 16 to 3~ i::ches of black sludge coverec1 

,Tith ·1. la~'er of c;rour:d kelp, oil c.c:.-:.d ::7erlite. The sludge 

c0:1tainecl lr.0 to 7 .9 percent organic carbon and 0.59 to 0.96 

perce:i:t orc;anic Litroc;en, tyr,ice,l of Gctively decaying 

mderial. ;.;i::ed in the slucge perlite ·was used as '< filter 

aid ir the processbg of kelp. The 1,resence of cil cay be 

due to SJilluge from fuel docks in the area. Discharge of 

kelp lrastes into the water prod1.1.ced c:. tur::iid co11dition that 

was visible ::m the ,..rater surface fer ec distance of several 

hu)-:cred ~'ards from the outfall. Such conditions, resultic1.g 

http:squ.::1.re
http:orc;ar.ic


15 

fr:::in the discharc;e and heavy dep:::isition of kelp wastes, t.s 

uell :::s the presence :::if oil which can be toxic to benthic 

orc;G.nisms, cleGtroyed the habitctt . .1:d the potential for bott:::in 

organism developmer;t. 

Hastes from a tur.a can:nerjr ,rere discharged from several 

open pipes 0:1 the :::bore. Sludge banks from these ·wastes e:x

tenc1ed approxir:mtely 200 yards off-shore and do1>mbay to t"he 

loth /\ve:-:ue termbal. I ol;ychaetes -.-:umbering as high as JS:3 

per squo.re foot a!'!d o:1e other kLJ1 of orga:"ism were fou.'1d ·:-:ear 

the er,ds of the piers (statio:-:: 24). Cl-::,ser to shore, over 300 

pol:0 clw.etes ie:;.· square foot alo:·1.s ,Tith a feil s!mils and :.c, clam 

were ;.;ble to exist. Divers swirx-.1i::g along tra:'.'lsects in the 

area 0:ote:J. , ;:,oft, dart, blacl: mud with sor.1e floccule:-:t r.1ateri8.l 

overlaL-. by a la~rer -::if decor:tpos 5.c:c; ooze. Srur.ples of slnc\;c hacJ 

30 :i.:1cre 2 of :oJ.uc\;e contained 

sho!'e f1")t'.' !:;lie hr,a ca~·,,er7 revealed .- l::.3ht coveri ",g of -::,ld 

stable :oJ,,,J;:;e (or3a:nic carb0n a1:c7 nitroc;en v~.lues of 1.3 .::.~c1 0.27 

: 0 ercent, respectively). Indications are thl'l.t settleable solids 



10 

from t~1e tu;:n B.!1d kelp :pla:,t 011.tfalls G.re oeposited close 

to shore j_:1 ,:..reas ~rhere riers act 2.s "baffles to the cu1·re:1ts. 

From ::rn c~rea :,ear the Te::th Ave:,ue marL:e termi!'l.al 

( statio!"! 23), "be!1thic sa.rrri)les cortai,1ed 21 p:-:ilychaetes per 

3q~.mre foot. Thirteer inches of decayed sludge mixed with 

oil covered the bottom. Toxicity of the oil limited both 

:·.umbers a1,cl 1:i;,c.s of orc;a:1isr:1s 2.:-l.rl restricted the biolocictl 

degradation of org:i.nic n1.1Jsta:1ces, thus ~llowir.g ctn accur.m

latio:: of sluclge. 

Sauples obtained. fr. Glorietta r,c.~Y ·it statio;1 55 cor.taL1ed 

o:-ily 22 polychaetes ~,er squ:.re foot ar:d one other kind. of 

orga"'.ism (Table 2) i::dicati!1g mc:lerate tc c:evcre pollutio::. 

The bottom had a covering of deca:red sludge uith 2.n organic 

carbon co:-,te:,t of 2. 4 percent. This sludge ma:,r have originated 

from the navy la:nclb.g erea or fr-::im l)oo.ts in the yacht harbor. 

Approximn.tely tw-::i hW'!.dred ~rards from the end of (Uorietta Ba~r, 

a sand bottom supported 462 polychaetes a!",d three kir,ds of other 

organisms, t~rpical of areas that are or:ly slightly polluted. 

Horth Bay 

The northern section of San Dieeo Bay had localized 

areas of pollution. Close to shore in the Carrier Basin, o~ly 

http:2.:-l.rl
http:termi!'l.al
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:;;iol~rchaetes ;-.t1JnberL~g lS'0 per .:: c;_uare foot ·were fot::1d. A;:-,:pr::;xi

mately r::;00 :,ards fro:1 .. bore, bottom r.aterials k·.d stabilizecl 

ec.ough to .sup:;::ort l~c r,olycbaetes a,1d 30 molluscs (of one species) 

per squc1.re foot. over 30 ii~ches of clece,yed. :.,lud.c;e uith 2. 0 to 

2 .2 perce;_t orgar~ic co.rbor, covered the hottom ,·:hich ,:-a:~ 

moderatel,y poJ.luted. Before 19~3, -::.he sewage outfall f0r t;1e 

city of Coro~-:::c~o uas loc2.ted just east of the DasL,. Si::::ce 

the Das:l.:'. is 40(+) feet i:-": depth 1,ith little circulatio::, : 

sludge buil'.3.-up resulted. 3ettleable solids discharged from 

carriers doc1~ec ir the Basi:1 ·,;ould also co::i.tribute to thP. sludge 

bed. A diver :::ampliq~ grmrths o::-: filbg near shore reported ,: 

visib:1.lity of 30 feet ,rhich is good when compared 1;ith 3 to 1~ 

feet b the vicinity of the r~aval :9iers. 

At the jur:ction of B Street :;;iier nd the shorelb.e, 

storm sewer outfall discharged orc;anic ,-.,astes and other deb?"is 

from the 3an Diego Zoo fr.to the b2.~-. 3ar.r_ples of the bottom ,;ith

L. an appr8x::.mately 40,000 square foot ,.rea surrounding the o·\-1.tfall 

co~tainec1
. leaves, stralr, pea::i.ut shell2, oil 2.nd black sludc;e that 

emitted hJrdrogen :::ulficle o"ors (statio:!is 17, 18 ar~r:1 lS'). Sulficle 

cond.itio~~s :.re i;,dicative of :.:.naerobic c1ecor.iposition o::' orG&,:,ic 

materials. The area supported 90 to 1178 pol;-fchaetes per s q_uare 

foot and pollntion-tolera:-:t s:,ails a:co.. scuds. Sluclge sampled 

http:pea::i.ut
http:appr8x::.ma
http:squc1.re
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wns five ir,ches deep. A maximum depth of sludge was not .::,.s

cert3.ined. Samples tr1.ken 300 feet northwest of the outfall 

cont3.ined ri sludge-clay mixture cind no debris. Divers noted 

2 to 3 foot hir;h niles of dark black flocculent m;,,teri2.1 

under the B Street pier n.nd mow1ds of debris extending 100 to 

150 feet from the pier. All these conditions indicated severe 

pollutio;-, of the area. Samples taken north of this 2.re2 2:1d 

near the piers used for docking of tune boats contained f!ludp;e

like ma.terials that supported 48 polychaetes per square foot 

and only one other kind of organism typical of c1. moderately 

polluted hobitRt. 

Inside Harbor Island (str-ition 12), 6426 polychaete worr.is 

per squ.:,.re foot were the only organisms found: in contrast to 

only 86 worms per square foot and seven kinds of organisms in 

addition to the polychaetes at station 13 (Table 2). Sand had 

been riredged from the area near station 12 and the remaining 

bottom material inside Hci.rbor Is land had been redistributed. 

At station 12, a depression in the bottom hnd collected orgonic 

debris from the surroundine; .sand when it was redistributed, thus 

providing :111 organically polluted substrate resulting from 

dredgin13. 

http:squ.:,.re
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r-1211:-r polychaete worms (3 ;379 per square foot) were fou:,cl 

at the entrnnce to the Commercial Basin. Bottom materials '.-,ere 

primaril:r sand . Holfway beti-reen the entrance and the end of 

the Basin: ::i population of 2,083 poJ.ychaetes per square foot 

existed in a sand n.nd clny mb:ture. Three-fourths of the 

distance into the basin, ,,. soft, black decayed sludge supported 

210 polychaetes per square foot r:.ncl three other kinds of 

organisms i:1cluding pollution-toler:,.nt snails and crabs. ~us

pended orgo.nic materials discharged from vessels docked in the 

area and in uater entering the bay settles out of the slow 

moving water o.t the end of the }fas in. Toward the entrance to 

the Basin, currents prevented the deposition of larp;e amounts 

of material on the bottom nnd c1. larger number of polychaetes 

were able to exist in the sludge and :-::and mixture. The high 

nUJnber of polychaete worms present in the Basin indicates 

moderate pollution of the area. An unpolluted area. would 

support '1 larp.;er vnriet~r of orp;anisms than the 2 to 4 kinds 

found in the Basin, :md would have lesser number of worms. 

/\ sand and clay substrate supported 290 polychnete worms 

per squn.re foot n11d eight other kinds of orga...viisms nt 2-t2.tion 7 

bet1-:eer: Shelter Isla,~d 81'ld the mc1.in shipping channel. The 

http:pollution-toler:,.nt
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number of polychaetes indicated a slightly polluted environ

ment. Divers noted that the bottom near 1::uoy 7 was swept 

clear1 by ma_j_n channel currents. These currents probably 

prevent the deposition of m2,terials in the vicinity of 

Shelter Islann. 

1.'he bottom of Shelter Island Harbor was covered with 

a bJ o.ck s1udge-JjJ<.:e material that supported 803 polychaetes 

per 0:quc1.re foot. Near the harbor entrance, consistency of 

the bottom materials changed to sand and clay with 936 pol~'

chaetes per squ2.re foot. The area was lightly to moderately 

polluted, probably because of wastes discharged from the 

lo.rge number of boats in the harbor and from storm 1-rater 

runoff. Also settleable materials entering the harbor would 

tend to :cettle out in the slower moving waters. 

From Shelter Island out to the entrance of San Diego 

Bay, excluding the submarine base which was not sampled, the 

benthic populations ranged from l+2 polychaetes to 141 pol.y

chaetes per square foot and 4 or 5 other kinds of organisms. 

A sand, clo.y c1.nd shell mixture formed a substrate accept2.ble 

to a variety of organisms. Divers noted that the most diverse 

and 8buncls.nt :-issemblages of organisms existed in the entrance 

channel~-outer bay area. This area was unpolluted. 

http:8buncls.nt
http:0:quc1.re


SUMMARY 

Pollution in San Diego Bay occurred mainly in the Central 

Bay cJrea. J\ tuna cannery and kelp-processing plant discharged 

wastes into the bay waters ,·dth a resultant build-up of slud.o:e 

de-posits exceedine; 30 inches in depth, ,md a degradation in the 

benthic :-inimal community. The animal community was composed 

only of 1::crge numbers of polychaete worms. In the vicinity of 

n,wol piers 2 through 8, decomposing dudp;e was 44 inches in 

depth and extended from the shoreline to opproximately he.li'way 

out to the ends of the piers. Here benthic orr:n.nisms 11ere 

restricted to low numbers of polychaete worms (2 to 115 per 

square foot). The remaining area around the naval riers ·i:.-as 

covered with a layer of sludge capable of undergoine; ndditional 

decs_y. In addition to polychaetes, three kinds of organisms 

only were -:ble to exist in the bottom materials here. 

South Bay was polluted in two areas. The San Diego 

steam electric plant discharged heated water to the bay nnd 

produced 2 polluted condition in the effluent channel .:irea. 

Offshore fror.i Rohr aircraft, 2. heavy growth of alr;ae emph2.sized 

the discharge of nutrients into the water. 

21 
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Horth Bay was polluted near the T' Street pier. /\ 

slud.ri;e bed covered 8:p-proximate1:r 40,000 ~quare feet. In

side Harbor Island, the Commercial Basin and :,helter Isl:;,nd." 

the bottom "1-:as covered "l'rith decayed orr;anic c:ludge or clebri~. 

These o.reils ,:ere highly enriched, hut not seriously polluted. 

The Carrier Basin cont,dned over 30 inches of clec::iyed slud.ri;e 

supvortinc; po1ychaetes rmd r,iolluscs which indicated uoder2.te 

pollutio:r. of the are.:,. 

http:uoder2.te
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Table l. 

San Diego Bay Bottom Organisms 

Kinds and Numbers Per Square Foot 

October l 0,t,7 

Orr:i.nis:-ns S-1 S-3 s-4 S-5 s-6 S-7 S-8 

Station Designation 

S-9 S-10 S-11 S-12 S-13 S-17 S-18 f:-19 

-· vcha~tn 290 3379 ?083 210 67 6426 86 1178 99 

~ .• •••-~Y,, :•--. 

·-,-.- -,: 1-: rl 
2 

? 2 

·.rac01.1 s 

O~traco':3 

8 

Spi.:-:.~:cc'lr!.s 
~?-~:'l}:·:_; .... 

on 
2 

F:;eudon-:'.i.illn, :;p 

.'. ~ •. (' -1.t, 1.. 

···- "cl 

• ""'! •. "'!~::; :t .',\l 

. :~ :::" _....~,~ sr 
; • 1 '"> ' :i..,~~:,:,. ~n 

T·<-,··r:-- ~<'t-.r>n ;n 
:- ;v - ':• '",r:: 

~----- :,n 

13 

2 

2 

21 

1 

2 

5 
5 
l 
5 

16 

11, 
3 
2 
3 
3 

·:,.l:e•.-, 

~as,: ..·I.. 

~i-.\': ;:,_!"i'J.<; ~D 

0iiv0lla sp 
~nc!wrhvnch,1!: 
~ sp 

<Y.',hers 

sp 

?? 3 

5 
5 

8 
2 

5 2 
5 

2 

6 2 

Inachoidc:; :;p 
?:nnixa r-!) 

He~irran:;u:; :;p 
r.ophopA.nOD0-U!: S"r) 

ittlt.~ Stars 

Ophiuro<len 

~~entcrnto. 

2 

2 
2 

An~.hozon 

tn1 r:\lmber of 0rr,ani:;ms 
Pc>r Sf'!uare Foot 181 70 88 808 335 3381 2085 219 6426 118 50 1184 103 100 

tn.1 tfomber of Kinds (, (, 9 2 2 2 8 2 2 ? 



Table l Cont. 

Son Diego Day Bottom Organisms 

Kind& and Nur:tbers Per Square Foot 

October 1967 

Station Designation 

Orr.anisms s-n S-22 S-23 S-?.lf S-25 S-26 S-27 s-28 S-29 S-;!0 S-;!l S-33 S-;!4 S-35 S-;!6 S-37 S-38 

1arine Annelids 

Polychnctn r.2 30 21 368 301 152 27 35 16 30 176 827 13 77 1346 61 115 

'lntworms 

Ner.-.erten 

icuds 

Ar.tphipodn 

Ga-n:naride.e 
Cnprellidae 

iow Bugs 

Isopoda 2 

tysidaceans 9 

~u:naceans 

>stracods 

Ostracoda 

:hrimp 

SEirontocaris sp 
Betaeus sp 2 2 

1anti s Shrimp 

Pseudosguilla sp 2 

1olluscs 

Pelecepodn 

~;vtilus sp 
Geukenr;ia sp 
Chio:1ista sp 
Di;elodonta sp 
LeEtOEecten sp 
Tivela sp 
~ op 
~ sp 
Chione sp 
Cyclocardia sp 
~sp 
4Yonsia np 

Others 

2 

6 

Ga:::tropoda 

Crepidula sp 
Crucibulum sp 
Retusa sp 
Nassnrius sp 
~sp 
Tnchyrhl!!chus 
~sp 

Others 

sp 

2 

6 6 2 2 
2 

'.rabs 

Inachoiden sp 
Pinnixa sp 
Hcr.iip;:rapsus 5P 
~hoEano;eeus sp 

kittle Starn 

Ophi.urodea 

2 2 

!oelenterata. 

Anthozoa 

~nicata 2 

~otal Number of Organisms 
Per Square Foot 64 38 21 371, 307 157 29 35 18 30 176 829 13 77 1356 74 115 

'otal Number of' Kinds 2 1 2 2 2 2 1 2 1 1 4 



'l'able 1 cont. 

San Diego Bay Botto:n Organisms 

Kinds and Nun:bers Per Squo.re Foot 

October 1967 

Station Designation 

Orgo.niemc S-39 s-4o S-41 s-42 s-43 s-44 s-45 s-46 s-47 s-48 s-49 S-50 S-51 S-52 S-53 S-54 S-55 

iklrine Annelids 

Polychaeta 178 13 74 11 19 211 238 309 365 498 118 14o8 288 829 190 378 22 

?lo.tvormn 

Uemertea 18 

)cuds 

Arnphipoda 

GoJmaridae 
Co.prellida.e 

29 
26 

43 2 2 
115 

90 
10 

8 

3ow Bugs 

Isopoda 27 13 

,tys1daceo.no 3 16 26 

~ceo.ns 

)stracods 

Ostro.coda 6 2 32 

)hrimp 

seirontocaris •P 
~cp 

2 
2 

"'1nti• Shrimp 

Pceudosguilla sp 

.foll.uses 

Pelecepod.o. 

~ sp 
Gcukensio. rrp 
Chionista cp 
Di;E:lodonto. sp 
LeJ2tOE;ecten sp 
Tivela sp 
Macoma sp 
~Sp 
~ sp 
£;!clocnrdio. sp 
~Sp 
L,vonsia r.p 

Othero 

2 

2 

14 
5 

14 

2 

13 

2 

6 

2 

2 

19 
67 

67 

6 

2 

2 

16 

2 

34 

Go.ctropoda 

CrepiduJ.o. sp 
Cruc1bulum sp 
Retusn cp 
Nansa.riua sp 
Olivella sp 
Tachyr~chuc Gp 
~ Gp 

Others 

2 2 
13 

2 307 

2 
13 

(l 
2 
5 

2 

:rabo 

Ino.cho1des sp 
~ sp 
Hemisrnpsus sp 
Lo,ehoeo.no2eus sp 

2 2 

¼rittle Stars 

Ophiuroiden ( 

:oelenternta 

Antho1,oo. 18 ? 

'.'unicnta 

~oto.l Number of Organisms 
Per Sri:unre Foot 183 13 74 13 19 211 21,0 311 11()() (611 18o 1728 383 <)90 h34 439 :-:-h 

rotnl Number of Kinds 2 2 2 8 12 8 8 13 Q 2 



Organism;, 

t•1nrinc Annelid;, 

Polychnctn 

Scud a. 

Anphipodn 

Ga'l'.rr.nridae 
Cnpre 11 idnc 

It:opo,:ln 

Mysidnccnn:; 

Cumnccnnr. 

Oslracorlr. 

Or.trncodu 

Shrimp 

Spirontocnris sp 
~sp 

?~antis Shrimp 

Pr,euclor.qu i Un sp 

Moll~iscr, 

Pelecepodn 

Gnstronod11 

Cru.bs 

Inachoid,~:-: sp 
?i:nn!xn :-:n 
~nr.ussp 
I,anhopn.nopeus r,p 

Jld :·.I.le ~:t.nr:; 

Ophiuroic!Pn 

Antho:-.ou 

'funiC'Hf,a 

Tnt,n 1 r;u .. ,!>•' 1· of Orr.no i ::r:,s 
l\' r ::q1rnr,• rnnt. 

Totnl i:u~IH'r of Kin1l:: 

S-5" S-57 S-58 

190 

:?9 

(q 

s-59 

Table 1 Cont. 

San Diep,o Bay Bottom Organisms 

Kinds and NW':'lbers Per Square Fcot 

October 1967 

Station Designation 



'l'able 2. Total r:umber and Kinds of Benthic Organisms 

at Selected Sampling Stations in 

San Diego Day, October 1967 

Station Total Eumber No. of Total No. of 
No. of Organisms/ft2 Kinds Polychaete/f't2 

1 181 5 141 

3 70 6 42 

4 88 6 56 

5 936 l 935 

6 808 2 803 

7 335 9 290 

8 3381 2 3379 

9 2086 2 2083 

10 219 4 210 

11 69 2 67 

12 6426 1 6426 

13 118 8 86 

14 50 2 48 

17 1184 2 1178 

18 103 3 99 
10 _, 100 2 :;,3 

21 64 2 62 

22 38 3 30 

23 21 1 21 

24 374 2 368 

25 307 4 301 

26 157 2 152 

27 29 2 27 

28 35 1 35 
29 18 2 16 



Tabl~ 2 Cont. 

Station Tot2.l I;umber ,., No. of Total No. of 
No. of o ~--c"c,., ;.o,.J- 1Cinds Polychaete/rt2 Tt._:,d.1.i.l.:,f,1S .l v 

30 30 7 30 j_ 

3,_ 17(~ J. 176 

33 82S 2 827 

34 13 l 13 
'.) c; 
.) ✓ 77 J. 77 
36 1356 1+ 1346 

37 7lr 1: 61 

38 115 1 J.15 

39 ·1 ().:) 
_,_u .> 3 173 

lfO 13 J_ 13 
In_ 74 1 7l+ 
1,2 13 2 11 
113 lC' ,, J_ 19 
4l+ 211 l 211 

45 21ro ~ 238 L 

1~6 311 2 309 
1~7 1~00 8 365 
43 6(4 12 498 

1~9 180 8 118 

50 1728 ? 1J+oG .) 

51 3'.33 6 288 

52 990 () 829 ') 

73 !+34 13 190 

54 11-39 C, 378 ./ 

)5 21.i- 2 22 

56 471 4 462 

'37 190 1 190 

58 69 2 4c 

5'.7 76 2 42 



Table 3. Percent OrGanic Carbon and Organic Nitrogen in 

Sludse Deposits and Total Sludge Depth at 

Selected Stations in San Diego Bay, October 1967 

Station 
Number 

Percent 
Orc~nic 
C2.rbon->:-

Percent 
Organic 
Nitrogen* 

Total 
Slud~e 
Depth in 
Inches 

Remarks 

2 

6 
,1 

10 

13 

23 
24 

25 
26 
27 

21 

31 
32 

33 

35 

37 

o.\-

::..3 
Ll 

1.7 

2.Z: 

7 (' -· / 

1r.O 

7 0 
I • ,/ 

2.5 
:: .2 

3.S 
c.~ 
3.\ 
? 'C 
.) . / 
2.2 
I'.'. ' 

3.3 

:i .• n, 

0.10 
0.18 

0.00 

0.10 

o.n 
0.12 

0.27 

c.46 
0.70 

0.59 
0.96 

0.19 

0.lS) 

0.33 
0.17 
0.33 
0.27 
0.56 
0.17 

0.24 
0.12, 
O .41• 

0.32 
0.?l 
0.1:? 

0 

0 

20.0 
0 

13.0 
0 

30.0 
7 I'.' " 
-·--~·. J 

34 

14 

30 

2C. 

33.0 
?~ y::, 

Sand 

Sand <1nd Silt 

Sancl 

Sand ano Clay 

Dredce Sample 

0-11 inch layer 
12-30 inch la~rer 

0-8 inch ]_a~ 0 cr 
S,-21 inch layer 
22-26 inch la~rer 

0-12 inch 1-'.lyer 
:3-32 incl, layer 

0-17 inch ::ayer 
18-23 inch la:rer 
2l+-lf4 inch la~rer 



Table 3 C.:mt. 

Tob.l 
::ercent Percent ;:;lucli:_;e 

Station Or:::;:'nic Orsanic :Jcpth ii1 Remarl,s 
Humber Car~Jon* JJi trogen•:'.- Inches 

42 2.2 0.14 33.0 

43 5,6 0.3-? 33.0 

45 4.1 0.36 2.0 

49 1.6 0.16 33.0 Iiud anc. Sand 

50 2.3 O.lG 25.0 

54 o.8 0.03 0 Sand and detritus 

55 2.4 0.20 -::-x- Dredge Sample 

5G o.8 0.08 0 Sand anc=, cetrit,1..s 

57 2.0 0.14 35.0 

59 2.2 0.17 31.0 

-¥·Values reported are for the 0-1 inch layeq exceptions noted. 
in remarks. 

-lH<-Undetermined 
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