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ABSTRACT 

Wildish ,  D. J . ,  J. D .  Mar t in ,  A. J .  Wiison, and A .  K. DeCoste. 1986. Hydrographic and sedimentary cond i t i ons  
i n  t h e  L ' E t a ~ g  I n l e t  du r lng  1985. Can. Tech. Rep. F i sh .  Aquat. S c i .  i473: i i i  + 1 4  p. 

hydrographrc anc sedimentary measurements were used t o  a s s e s s  t h e  s p a t l a l  e x t e n t  and development of 
anox:c/hypoxlc cond,t ions I n  t h e  LIEtang resulting from pulp m i l l  e f f l u e n t  discharge. A secona alm was t o  
a s s e s s  t h e  aeveiopment of anoxlc/nypoxlc c o n a i t i o n s  i n  sediments and ~ a t e r  nea r  t h e  r e c e n t i y  aeveloped 
salmonid cage c u l t u r e  s i t e s  a t  t he  seawarC ena of LIEtang I n l e t .  

There has been a  s l i g h t  dec rease  i n  product ion  of corrugated  paper by t h e  pulp m i l l  over  t h e  i n i t i a l  
des ign capac i ty .  However, d i s so lved  oxygen cond i t i ons  i n  t h e  r e c e i v i n g  water r eaa ined  t h e  same a s  i n  a  1975 
survey.  There was no evidence  t h a t  t h e  anoxic/hypoxic zone caused by t h e  d ischarge  of pulp m i l l  en f luen t  had 
moved seaward i n  t h e  L'Etang I n l e t .  

A t  one salmonld c u l t u r e  s l t e ,  wnlch has  been operating s i n c e  1980, t n e  sediment i n  a  l o c a l l z e d  a r e a  
d l r e e t l y  beneath t n e  cages  was m o x i e  a s  i n a l c a t e d  bj nega t lve  redox va lues  aria overgrowth by a  wn l t e ,  
microbra l  s l ime.  Localized hypoxla/anox:a of t n i s  Klne may r e s u l t  from sealment lng salmonld f a e c e s  o r  waste 
food and occurs  only where t h e  s ed lmen ta r j  reglme IS a  n e t  depos l t rona l  one. Core d a t a  sugges tea  t h a t  t h e  
d e p o s l t l o n a l  r a t e  a t  t h e  salmonld cage s l t e  was -2 cm/year. 

Wildish ,  D .  J . ,  J .  3.  Mar t in ,  6. J .  Wilson, anc A .  M .  DeCoste. 1986. Hydrographic and sedimentary cond i t i ons  
i n  t h e  L'Etang I n l e t  du r ing  1985. Car.. Tech. Rep. F i sh .  Aquat. S c i .  1473: i i i  + 74 p. 

Dr. a  analys6  l ' e a u  e t  i e s  sediments de l ' l n l e t  L'Etang pour 6va lue r  l ' 6 v o l u t i o s  de i ' a n o x i e  e t  a& 
l ' hypox ie  provoqu6es par 1s ~6ve r semen t  Ges e?ffueents d 'une  us ine  de p s t e s  e t  ~ a p i e r s  e t  de terminer  l ' 6 t e n d a e  
de l a  zone touchbe. Dn a  a u s s i  6tudii .  l ' d v o l u t i o n  de l ' a n o x l e  e t  de l ' hypox ie  dans i e s  sbdiments e t  l e s  eaux 
B proximiti .  d 'une  s t a t i o z  de sa l i r .onicol twe en cages reeemment i n s t a l l d e  2. l'ernbouchure de l ' i n i e t .  

La product ion  de ca r ton  ondule a  ba i s sb  l6g8rement en-de@ be l a  capac i t6  de  l ' u s i n e  a e  p s t e s  e: pap ie r s .  
Gependant, l a  concen t r a t ion  dioxyg8ne dissoils  dans i e s  eaux r e c e p t r i c e s  e s t  demeurhe i a  m$me que c e l i e  rnesuri.e 
l o r s  d 'un r e i e v 6 ,  en 1975. Rien n ' i n d i q u a i t  que l a  zone d 'anoxie  e t  d 'hypsxie  apparue & cause du akversement 
ties e f f l u e n t s  ae l ' u s i n e  s ' e s t  ktendue ve r s  i ' e n t r e e  de l ' i n l e t .  

3ans une des  i n s t a l l a t i o n s  oe s a m o n i c , ~ l t u r e ,  ouve r t e  en 7980, on a  cons t a t6  que dans un s e c t e u r  l o c a i i s 6 ,  
s i t u i .  j u s t e  sous  i e s  cages ,  l e s  va l eu r s  du p o t e n t i e l  redox d t a i e n t  nega t ives  e t  l e s  s&ciments b t a i e n t  couve r t s  
d 'une  coucne mierobienne Slanche,  s ignes  d 'anaxie .  L ' a p p a r i t i o n  de zones d 'hypoxie eu d 'anoxle  a i n s i  
l ocz2 i sbes  peut &re aoe ;u dbp8t a e s  exer6ments des ?oisscns  oa des  r e s t e s  d ' a i l a e n t s  e t  ne  s e  v o i t  que dans 
l e s  l i e u x  05 l e  rkgime ee  s6dimenta t ion  n e t  e s t  f avo rab ie  au  d&p6t des pa!- t ica les .  L 'analyse  de e a r o t t e s  
indipue  que i e  t a a x  de s6dimenta t ion  3 ile:nglacement des cages de sa imon icu l tu re  e s t  d ' env i ron  2 cn/an.  



P r i o r  t o  1971 t h e  L'Etang I n l e t  was b a s i c a l l y  a  
p r i s t i n e  body of in land marine water.  Geographi- 
c a l l y ,  t h e  I n l e t  is  considered  t o  have a r i s e n  du r ing  
t h e  l a s t  i c e  Age when a  moraine a t  t h e  sou th  end o f  
Lake Utopia blocked t h e  flow from t h e  l a k e  and fo rced  
t h e  f r e shwa te r  out  v i a  t h e  p re sen t  Kagaguadavic 
River and t h e  gorge a t  S t .  George. Because of t h e  
l i m i t e d  f r e shwa te r  runoff i n t o  t h e  L'Etang, i t  
remains s a l i n e  f o r  much of i t s  1 8  kni l e n g t h .  I n  
1967 a  causeway was b u i l t  t o  ca r ry  a  highway (Route 
1 )  a c r o s s  t h e  L'Etang approximately 2  km from i t s  
most landward po in t .  The causeway reduced t i d a l  
exchange s o  t h a t  t h e  maximum t i d a l  amplitude i n  t h e  
upper L'Etang was approximately 15 c a ,  a l though i n  
t h e  Lower L'Etang t h e  mean t i d a l  amplitude i s  5 .5  m 
wi th  l a r g e  s p r i n g  t i d e s  ranging up t o  7.5 E. 

In  Apr i l  7971 pulp m i l l  e f f l u e n t  (PME) from a  
sma l l  250 t / d a y  n e u t r a l  s u l f i t e  pulp m i l l ,  which 
produces corrugated  l i n i n g  paper ,  f i r s t  began 
e n t e r i n g  S 'Etang.  Hydrographic and ben tk i c  
cond i t i ons  w i th in  Lower L'tltang before  t h e  PKE had 
markedly a f f e c t e d  i t  were s t u d i e d  by Wildish e t  a i .  
(19711. Subsequent s t u d i e s  (U i ld i sh  e t  a l .  7979; 
Foole e t  a l .  1976) showed t h a t  t he  hydrographic and 
ben th i c  changes a s soc i a t ed  with PME had s t a b i i i z e d  
by ; 972-1375. This  inciuoed an a rea  on t h e  seaward 
s i d e  of t h e  causeway which was anoxic a t  LW but which 
became hypoxic a s  s eaua te r  r e tu rned  on t h e  f l ood ing  
t i d e .  The clean-up a l t e r n a t i v e s  f o r  L'Etang were 
d iscussed f o l l w ~ i c g  c o n s t r u c t i o n  of a  mathenat iza l  
model of t h e  Spper L'Etang {Wildish e t  a l .  1979).  
I n  1985 t n e  ?ulp  a i l l  was producing s l i g h t l y  l e s s  
t han  its des ign capac i ty  of 250 t / day  ( a  maximum of 
2OC t / d a y l .  

Sea-cage c ~ l t u r e  of A t l a n t i c  salmon began i n  t h e  
so,Jtnwest Bay of Fancy i n  I978 ( S u t t e r l i n  e t  a l .  
1981) fo l lowing  t h e  success  of a  p i l o t - s c a l e  s tudy .  
By 3985 f i v e  saimonid sea-cage c u l t u r e  f a c i l i t i e s  
were ope ra t ing  with an es t imated annual product ion  
of 2 i 3  t worth 52.3 m i l l i o n ,  of which 54.5 t worth 
$3.6 m i l l i o n  was from t h e  L'Ztang (E. 9. Henderson, 
p e r s .  comx.). During 1985 a d d i t i o n a l  s i t e s  became 
o p e r a t i o n a l  and a p 2 l i c a t i o n s  were r ece ived  f o r  
f u r t h e r  s i t e s .  The p re fe r r ed  s i t e s  were i n  t h e  
s e m a r d  p a r t  of L'Etang I n l e t  which has year-round 
tempera tures  above t h e  l e t h e 1  l i m i t  of -0.7"Z 
(Saunders e t  a l .  1975> and is i n  a  wave-protected 
harbor .  Salnonid  c u l t u r e  ope ra t ions  involves  high 
f i s h  d e n s i t i e s  and feeding l a r g e  q u a n t i t i e s  of 
p e i i e c e c  food. The build-up of f i s h  f a e c e s  and waste 
food beneath t h e  cages can r e s u l t  i n  t h e  aevelopment 
of anoxia  i n  s e c i z e n t s  and water ( s e e  Kadowa~i e t  a l .  
1980 j . 

The twin alms of t h i s  s tudy .xere t h e r e f o r e  t o :  

- determine t h e  e x t e n t  of ansxla/hjrpoxia i n  t h e  
upper p a r t  of Lower L'Etacg ca;sed by pulp- 
m i l l  p o l l u t i o n ,  and 

- d e t e r x i n e  wnether anoxia/hypoxia beneath 
exis+< -.ng or  2lanned c u l t u r e  f a c i i i t e s  was 
a l r eady  p re sez t  and t o  ob ta in  base l ine  da t a  
f o r  pienned f z 2 i ; i t i e s  s t s r t i n g  up i n  1436, 

u s ing  t h e  same hydrozrapnic and sedirnent 
measurements. 

Hydrographic and sediment co re  sampling was 
c a r r i e d  ou t  dur ing l a t e  suxmer i985 from t n e  NkIS 
u s k g  t h e  hydrographic boom and winch. Photographic 
sediment p r o f i l i n g  was accomplished from t h e  J . L .  
HART on 23 September o r  from t h e  f i s h i n g  ves se l  
S.L.S. on 25 September. 

HYDROGRAPHY 

Bottom seawater samples were t aken  wi th  a  
c l o s i n g  water b o t t l e  (2 .5  L c a p a c i t y )  from wi th in  1 m 
of t h e  sediment.  k c l ean  bucket was used t o  c o l l e c t  
su r f ace  samples.  Temperature was determined by 
I n s e r t i n g  a  mercury thermometer r ead  t o  t n e  n e a r e s t  
0 . l G 2 .  Subsamples of seawater were taken a s  fo l lows :  

- 300 mL f o r  de terminat ion  of d i s sov led  oxygen 
:D.3.) ~y t h e  a z i d e  mod i f i ca t ion  of t ne  
Winkler methoa ( S t r i c k l a n d  and Parsons i 9 6 8 j .  
Expressed a s  mg02/L o r  a s  percentage  ~f  
s a t u r a t i o n .  

- 100 mL f o r  de terminat ion  of s a l i n i t y  by 
conduct imetr ic  de terminzt ion  on a  Gu i ld l ine  
Autosal  appa ra tus .  Expressed a s  5 o/oo. 

- 2-5 mL f o r  de terminat ion  of t h e  !.iY absorbance 
a t  250 nm (R250j .with deionized water i x  t h e  
r e f e r e n c e  c e l l .  Expressed a s  k250 x  153. 

- : 5  mL f o r  deterr.ir.a:ion of adenosine t r i -  
pnosphate (AT?; :z t h e  l i v i n y  microorganisns  
w i th i& t h e  sample. The sampie was f i l t e r e d  
on a  0.45-p >;innex f i l t e r  and 'he AT? 
e x t r a c t e d  i n  b o i l i n g  T r i s  c u f f e r  (5 mL). 
Ana ly t i ca l  cond i t i ons  were 10S pL sample o r  
s t anda rd  AT? and 100 pL o f  Duponc l u c i f e r i n -  
l u c i f e r a s e  (6 mS deionized water per v i a l ) .  
hn;lysis involved i n t e g r a t i o n  of t h e  f i r s :  
10 s of l l g 3 t  f l z s n .  Kesul ts  incldded 
c ~ r r e c t i o n  f o r  t h e  a c t u a l  volume of f i l t r a t e  
remaining a f t e r  b o i l i n g  anc is expressed a s  
ng hT?/L of seawater .  An i n c r e a s e  of 45% has 
beec made t o  t h e  da t a  t o  azcoant  f o r  s a l i n i t y  
carry-over a s  i n  K i l d i s h  e t  a l .  ( ' 977 ) .  

SZDIMENT SAMPLING 

h 2G kg Kajak co re r  was aeployed from t h e  NAIS. 
Tne p l e x i g l a s s  s azp l ing  cy l inde r  w i th in  t h e  co re r  was 
50 em long  v i t3  an i n t e r n a l  diameter of 4.7 cm. The 
su r f ace  a r e a  sam?ied was t h e r e f o r e  17.36 c n 3 .  Tne 
co re r  xas opera ted  a i t h  orange peel  retaining f inge-s  
i n  p lace  t o  r e t a l ?  s o f t  sedimeni and t h e  a l snge r  
i n a c t i v e  a f t e r  a l lowing t h e  appa ra tus  t o  f r e e - f a l l  
i n t o  t h e  mud. The sampling c y l i n d e r s  had been 
a r i l l e d  u i t i  7  mx diameter ho le s  a t  5  cm i n t e r v a l s  i x  
a  h e l i c a l  p a t t e r n .  E a c h h o l e  uas covered wi th  a  
p iece  of e l e c t r i c a l  t ape .  Sampiing was witk a  
s:raignt-bore, c .2~-off  1 ec sy r inge  a t  a  known depth 
oe;oi; t h e  sedimer,t-water i n t e r f a c e .  The i cc  sample 
was extr'uce:: i n t o  3 p e t r i  d i s h  ana t h e  sediment redcx 
p o t e n t i a l  a t  t h i s  dep t3  measured with a  co-"' iirdined 
redox e l e c t r o d e  ( 9 r i o n  96-7Z: and 0 r i o c  Ionanalyzer  
!>.?ode1 399h3. Tne r ead ings  were taKen a f t e r  a t  l e a s t  

m i 2  c c n t a c t  wit?. t h e  s e c i a e n t ,  fo i lowed Sy  c a r e f c l  
z ieaning with d i s t i l l e d  u a t e r  of t h e  probe t i p .  The 
r e s z i t s  a r e  r e ~ o r t e d  r e l a t i v e  t o  t h e  n o r ~ a l  h y d r o g e ~  
e l e c t r o s e  :+;n i t f ie ld  ?37?j by adding 22a mV a t  20°i 
L C  t n e  aV reading cn  Lhe Ionana lyze r .  



Tne sed:xent proflie camera l3ZYOTS; was 
aeoiayea from the cnerry sicxer "iinec aboara 'he 
J.L. S A X  sr the ooon .d133h asoara tke S.L.S. Tce 
aq~iipnszt d2s operaced " 1';. ?.e'islas of Sciznce 
iaoiijatiorls . . 1nterna:iona; Jorporatian (SAICj ant 
invsl.fed re?eated inser?,isns of tne sediaect 
p-ollLer iP the resistance co penecracisn of the 
311L5z was narkedly greaier tilan the previous 
stat1or. Tt!ib a.rLl?.+e-i 33ci niz3ti~n cf C:I% depth 
jampled sf the profiler. ;he reaox prsf;Le discon- 
tinui:y (3PD) depth in cn was determined 3nd ether 
operir,rng and arlalysical details are gi-{en in Rhoads 
aao Gerrnano ( 1982) . Tuo addizional measures 
prs.~lced in the data supplied by SAIC are: 

1 1 )  Surface rougnness, sirnaly measured 
3s tne zaximan distance, in em, 
setween tke highest and 1ouest 
point of the secizent snrfaae 
prof iie. 

:2; The organism-sedr:nent inGex !OSI) 
snoxn in Tasle 1 .  It is 3 

composite of nsasures designed ,s 
icjieate Zne aeyree or anoxlc 
development. 

:%ale : . Tie 2S';:O'TS @ Organism-SeJi3:ent Lncex 
( - - -  ..,>,.!. ?or sac'? staticn, che appropriate infiex 
.~al-e of ~r.e ooservacicr, is s:m:ned iilth a possiole 
rsnge of -1'3 (most anoxic) to + I ?  (nost aerooic;. 

index 
3bservat-on ialue 

". -3emical Parameters Methane present - 2 
>4o/low D.O. - 4 Fig. ' .  Hydrograpnic and sediinent core sampling 

locations ,dorked in the L'Ztang curing August, 1985. 
Suecesslonal Stage 4zola 
'prlaari successron) Stage 1 

Stage 1-2 
Stage 2 
Stage 2-3 
Stage 3 

Sdccessional Stago Stase 1 on a Stage 3 5 
(secondary successr3n) Stage 2 sn a Stage 3 5 

saism-Sedrment Index = total of all fi3NOTS @ Or&. 
subset indices. 

RESULTS 

The nfarograpnrc ana sedrment core stations 
ior<ed durrng August i ? 8 5  are snokn r n  Frg. 3 .  

Sta;lons &re selected for cwo reasons as follows: 

- 2 transect to cover the suspected area of tce 
anoxrc and nypoxic zones of Lne most laqduard 
part of tne Lower L'Etang caused by the input 
of pulp nrll effluents rn tne 'Jpper L'Etang 
(Statrons 1-10). 

- to De near exrstlng and proposed !li-29, 
T.. -1g. 7 )  salmonid culture sites correct rn 
1 985. 

4 aescrlption of each station, in whicn old 
station numbers refer to Niluisn et al. !1971), is 
shown in Taole 2. 

Because of cnanges in the status of salmonid 
culture sites due to approvals, rejections or 
relocations, we include a lisc of approved and 
established sltes (Table 3 ) .  



Table 2. L i s t  of s t a t i o n s  i n  L'Etang I n i e t  sampled 
conven t iona l ly  f o r  sediment and seawater 
c h a r a c t e r i s t i c s .  

S t a t i o n  Name Comments 

Near Route 1 causeway Dld S t a t i o n  I 5  
Pa l l -  and tie-Damned narrows 
Near o i d  S t a t i o n  1 0  
Opposite T r a i n o r ' s  Cove 
North of Gtithrie Po in t ,  Wear o i d  

near  powerline S t a t i o n  7 
South of Guthr ie  Po in t  Near o l d  

S t a t i o n  8 
Old S ta t io r .  1; 
Ind ian  Point  
NE of Park i s l a n d  
N3 of Goss P o i n t ,  

near  Hhddock Ledge 
Granger Cove, J a i l  I s l and  

Salmon #2 LIEtang 
Granger P o i n t ,  Larry l n g a l l s  Harbour 
L'Etang Sarbour ,  D .  Anthony 

(former s i t e )  
LIEtang Harbour, Wayne Hooper 

(former s i t e )  
West of Kings P o i n t ,  

Ian  Hamiiton Lime Ki ln  Bay 
Chr i s  Sau in i e r  
Col in  Borthuick 
J a i l  i s l a n d  Saimon #I 

N a p e  Haiikins Birch Cove 

Fishermans Cove, 
Garnet Mathesox 

Xan of Uar is .  S l i s s  Xarbcur 
Frye i s l a n d  
Fox I s i a n d  
Money Cove 
NcCann I s l a n d  
L'Etang Head 
Greenlaw Cove, D. Anthony L'Etang Harbour 
Sturgeon Cove 
H i c ~ e y ' s  Cove 

South o f  Park I s l a n d  Scotch 3ay 

3 
Table 3. L l s t  of e s t a n l l s h e d  and approved salmon:d 
aauacu l tu re  s l t e s  provided ay t h e  3epartment of 
F o r e s t r y ,  Kines an5 Energy a t  S t .  Geo-ge I n  k p r l l  
1986. Locations s n o m  i n  Appendlx 8.  

Name Area 

- -- 

1 J a l i  I s i a n d  Saimoc $12 LfEtang Harbour 
2 Larry  I n g a i i s  
3 Dana Antnony 
L Ian  Hamilton Llme Kl in  Bay 
5 Chr i s  Sau ln i e r  
6 Coi in  Borthwick 
7 J a l i  I s l a n d  Salmon a1 Blrch Cove 
8 Wayne Hooper 
9 Wayne Hawklns 

1 2  Richard Pal land Back Bay 
11 P h i i i r p  Eooper 
12 J e f f r e y  Stewart  B i l s s  Harbour 
i 3  Garnet Matheson 
1 4  Brendan hrmstrong Deaaman' s haroour 
1 5  Relo E a t t  Little L'Etang 
1 6  Kaur:ce NcGee 
1 7  he laon Ml tc?e l l  
1 8  P n l l l l p  doooe- 
i 9  Sea Farms B l i s s  Harbour 
20 Sea Farms 

h highwater (HU) t r a n s e e t  a t  S t a t i o n s  i - i O  
( F i g .  1 )  was compieteo on '4 August (kppecdix 1 )  
when t h e  HU a t  S a i n t  John was p red ic t ed  t o  be a t  
1137 AST (Anon. i 455 ) .  k low water !LU) t r a n s e c t  
a t  S t a t i o n s  ; - I3  (F ig .  ? j f o r  22 August is shown i n  
Appendix 2  when p red ic t ed  LP; was i 1 1  6 (Anon. 39853. 

Df i n t e r e s t  is t h e  s teady d e c i i n e  i n  d issolved 
oxygen concen t r a t ion  a loxg t h e  t r a n s e c t  f o r  both HW 
and LW su rveys  i n  t h e  landuards  d i r e c t i o n  ( f i g .  2). 
A t  S t a t i o n  3 t he  b o t t o : ~  seaua te r  a t  H\i i s  devoid of 
oxygen ( a n o x i c ) .  Hang of t h e  o t h e r  s t a t i o n s  a r e  
hypoxic c o n s i s t e n i  wi tn  e a r l i e r  f i n d i n g s  of PooLe 
e t  z i .  (1976). 

An unreported s tudy (Appendix 3 )  coz?ietod i n  
3377 snows t h a t  t h e  hydrographic cond i t i ons  
r e l a t i v e  t o  t h e  t l o a l  c y c l e  near  t n e  Eouie : 
causeway a r e  a s  shown i n  F ig .  3.  A t  Hka., s exda te r  
i s  f l ood ing  through t h e  causeday c u l v e r t s  i n  t n e  
landwards d i r e c t i o n .  A s  t h e  ebb p rog res ses ,  t h e  
direction of f l o u  r e v e r s e s  and anox ic ,  nore  d i l u t e  
seawater  fro^ Upper L'Etang forms a  s u r f a c e  l a y e r .  
Near Kd, t h e  anoxic ,  d i l u t e  l a y e r  oo!niriates but a s  
seawater negins f l ood ing  bacK, i t  l i f t s  t h e  o i i u t e ,  
anoxic l a g e r .  The more s a i i n e  oxygenated,  deeper 
water he re  is s;>ject  t o  chea i cz l  oxygen denand and 
undergoes p a r t i a l  depiction of i ts  oxygen con ten t .  

A t  S t a t i o n  7 (F ig .  11 ,  a  1 2  n t i d a l  cyc l e  
obse rva t ion  of hydrographiz parameters was aade i n  
!985. The complete r e s d i t s  a r e  t abu la t ed  i n  
Appendix 4 .  An obvious f e a t u r e  of t n i s  d a m  is the  
r e l a t i o n s 3 i p  beiween absorbance and AT? (F ig .  4). 
. .. nnen t h e  absorbance is h igh ,  t h e  RTP va lues  a l s o  
reaon t h e i r  maximum followed ay a  dec l ine  uhen 
assorbance f a l l s .  Cor re l a t ed  wi tn  t h e  h i g t  
ansorbanee i s  a drop i n  d i s so lved  oxygen s z t u r a t i o n  
va lues ,  sugges t ing  a e r o b i c  a i c r o b i z i  a c t i v i t y  and 
or c h e ~ i c a i  ox ida i ion  because t h e  s azu ra t ion  values  
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"13, 2. 1:ssolved ?xiZen cancentrs:lo?s rn ,'Zta?g ?,&-I vaier, 3no 5, 3% ;OJ iaie". ;lazran 3asea OE 
Ssa,!atlp 3n tdo saq3llng aa;es Statlors refer io data Qbtarled rn 3d:y-tugust 1977 :Appendix 31. 
tl~se snoin rn Fr3. ' .  9atehed is dllute, anoxlc seawater. 
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F:g. 4. Tenpra: cnange of AT? (A), U7 aosoroanee :@I  3nG 3r~solved 3xjpen 
concentratron (Q)! at stai~sn 7 !Fig. 1 :  on 21 4ugust '985. 



i nc rease  a f t e r  i s sc r3anze  uaiues  Seo l ine  and c;san 
sexdacer r e t u r n s  a t  t h e  oottom of t h e  f l ooa i cg  
t i d e .  The s i - - a t i o n  1.3 s ; r l l a r  t3 t h a t  a t  S t a t i o n  
' ,  nz3.r the  causegay, aithoug:: she ~ 0 t t X 3  r;eWater 
i c  ;3  is ne?er com?Lete;y z e v o i i  of oxyjen.  

S4irface and jottom hydrogra?hic n a t a  f o r  t h e  
s 3 ~  -.,.onic T 3ul;are s i t e s  i s  sha-.xn i:? i.2sendlx 5 

5~31:32>{~ c~s ,~ ! i c  

Sealnent  cores  dere  taken from S t a t r o n s  11-30 
"13. 1 )  ana t n e  " e s d l t s  presented  r q  4~penar .x  5. 

'Il of t ne  i a l d e s  reoor2ed a r e  p o s r h v e  d i t h  t h e  
s:?gle except ion  of 418. Tnl s  suggescs t n a t  cormal 
a e r o o ~ z  r?so:ratlon 1s t n e  domlnant ?e t abo l r c  
on3cess : c e u r r ~ n g  t q r o ~ g n o d c  ,"tang s e a l z e n t .  
,jncn and Tooie ('979, s t a t e  t n a t  red3x potentla:  
Teasdrsxents  a r e  zood ~ n a i o a i o r s  of t Q e  2redoqrnan: 
f s r ?  of m i o r o s ~ a i  a a t a D o ~ ~ s r n  ana e l e c t r o n  accep to r  
~ s e d  In t n l s  orocess .  iience: 

? a s o ~ r a t ? o n  Z lec t ron  
i i ~ e  3e=ox ~ o t e n c r a l  -- acceptor  Products  

;oroale :  > 2  C2 32; 
? -ae ros l e :  

S t a t i o n  #13 was sampied c l o s e  t o  t h e  s a l aon id  cages 
sna %cause tha  top  7.3 cn of t he  s ed ixen t  p r o f i l e  
i a s  -?46 t o  -356 mV re laGive  t o  t h e  normal hydrogen 
o l s c t r o d s ,  s u l p h a t e  reducing b a c t e r i a  s e r e  a c t i v e .  
, I t  a depch of :2 .5  cn and g r e a t e r  i n  the p r o f i l e ,  
3e rob ic  zond i t i ons  vere  s t i l l  p r e sen t ,  i n d i c a t i n g  
t h e  r7ecent o r i g i n  o f  the  s u r f a c e  anaerooi: l a y e r .  
T .- -, i' i s  a s s u m e  t h a t  i h e  anaerobic  l aye r  i s m 3  cm 
t h i c k  and because t h i s  c u l t u r e  s i t e  has Seen 
o2eracing f o r  5 y r  ; s ince  !183:, i s  is p o s s i a l e  t o  
c a l c ' i i a t e  The r a t e  3f sedimenta t ion ,  due t o  
s u i i  I-up of s a l m o n i f l a e c a l  x a t t e r ,  waste food plus  
L a i d r a l  s e s i a e n t a t l o n ,  a s  2 cm per year .  Scuba 
? i . ~ l n g  a t  "his s i t s  s?.osed t h e  b o t t s s  t o  be oovereo 
d i t h  a w h i t e - r s f i e c ~ i n g  microoia i  mat c o n s i s t e n t  
;+i;ri ;he presence of su lpha ta  redacing b a c t e r i a .  

X ' o t a i  of 50 s t a t r o n s  ,dere sam?lzd d i t h  t h e  
s;\,w- ..,..j;S camera system of whish 411 s t a t i o n s  ( F i g .  51 
2ere  analyzed (Appendix 7). 

I n  she  L'Etang landwards of Indian  Point  ( F i g .  
51, i 5 e r e  i s  a sha rp  g rad ien t  i n  redox discon- 
t i n x i t y  dep ths ,  with ,he most iand'dard S t a t i o n ,  
+17,  Delng anoxic  t o  i he  s ed ixen t  su r f ace  (Table a ) .  
7, l n i s  i s  c o n s i s t e n t  -dish f i n d i n g  a complete l ack  of 
l i s s o i v e d  oxygen i n  bottom xate?  a t  t n i s  s t a t i o n .  
S t a t i o n  /!I8 is s i a i l a ?  and both have a nega t ive  
orsacism-sedixent index value  showing t h a t  t h i s  
a r e a  is environmenta l ly  d i s tu rbed  by t h e  develop- 
a e n t  of anoxic cond i t i ons .  

The 1985 survey da t a  presentee he re  shows no 
evidence t h a t  t h e  anox ic lhypox ;~  zone S e l m  t h e  
causeway has movea s i g n i f i c a n t l y  seaward, becsuse 
bottom water near HW is anoxicihypoxic a t  t he  two 
l o s t  landward s t a t i o n s  ( 4 1  & 2 ,  Fig.  1 )  and t h e  

Flg .  5.  Seuiment ~ r o f l l l n g  s t a t l o r i s  dorxed s n  20 
and 25 SeDteaSer '985. 

Table 4. Redox d i s c o n t i n u i t y  depth ;3?D) ?na 'he 
organism-sediaient index c a l z u i a t e d  from sediment 
p r o f i l i n g  i n  L rE ta rg  i n l e t .  

R P D  Crganrsm-seaznent 
Pos i t i on  Station 'em) rndex 



s?lL:ents ne r s  ca-/e ? ? J ' s  i t  3r  !-.~a? '30 se$:~.en:- 
. - 

N = ~ ? ?  i n l e / . ~ s c t  is i~-iicd:e?? ?y setinijn: o r o l i l s  
$.gtj;ra;h (9:7 5 1 3 :  YajLe L : .  ;?zsz - ? ~ u L L ~  a r e  

. . si?:.ar s 3  j;ssoI.+-eC 3::;;sn -onai:-~cna i n  ssaui;er 
~ , c :  "23 vai;es 355.3r.j3!: :: ! 375 27 ?=sLe e: ?I. 
; : I7d.j. ;?2 patte.-r: of  J; i igln 6istr:os:ion a t  "j 
3n; L;' 'Fig. 3 ;  :s esse:l ';iallg t ke  sane  a; j s a ~ ~  >!is 
' i n 3  7 :?is 1 )  i i t n  t ke  d i s s ~ l . i e d  o:<;lzsn 2ei-g 
o3z?L?tely s t r i p p e n  a c  3cas r sn  ' ,  s o t  on;;! 
p a r c i a l l '  s o  a t  S t a t i o n  7 a t  > X .  T3i s  i s  cofisis-  
- .,,.., Am + d i t r  2 %  snoxn hylr3gracn;i sf th* Lcder 
, 'Etany ijit.; i", s ? ~ m x i ~ ! a t s 1 : 1  s?rss e x c ~ r s i 3 i :  
:a~g ' ,hs  a20 Lsr.g r s s i d e n c e  t i x s  of 85-3;s 1 
'<i;Jis" e t  aL. 1971 ) .  

A t  only one salmonid c s ~ l t u r e  s i t e ,  t n e  l a r g e s t  
-:*: I -?n&ejz  escat; l isr .e6,  %as  :nere avi.:enca of a  
? i ? : d  >'.;ill-up o"e3:~e!?: .d?ick dm a m x i c .  The 
';s'.y re:'" s::,~a',er 3-13? 3 fist depos i t i ona l  
s-lr:enc an3 i n d i z a t s s  t he  importance 31 selec:ing 
a s i , e  ,dnsr*e r a p i J  2ui;d-u; of f aec3 l  rnatter cannoc 
:a<e 2132s (1 .2 .  a  l a c  e r o s i ~ n a l  s e f i i - e c t ) .  I t  is 
;f in;srss: ;ha: ?Re :oX!>-r! :date:' i r s ; ea ; a t s l j  3bove 
:-.a 333:<i~.  ::i :r:Sia; '3: xas  f2J.l j cx;rga?. 5aca4-3;23 
-..I. ,.,~- ~~.,,:ns:?a-,?s d a r n ,  -,ha: t h ?  3.0. i l e s  m i i s t  ? a ~ a  
s:ar-, gr ' s2 i+nt j  naar  t ne  sedimeni wa-cer i n t a r f a c s .  

-. .?a jens:)al mor.co:'zar.ce oec;leen r e s~ l l ' , s  
? c ~ , ? i n e c  og xnv?n;~;naL ~ e t k o d s  :e .3 .  3.3. an2 
??:ox neasu rexen t s j  anc soainon"rcfi1e photo- 
;13apns is g i t i o ~ n s .  Thhs, '"- 2 . i L..- 3s 3f 3 . n J .  
Is-:'e?sed !ir?dwar2s a k o i s  S t a t i 3 n  7 (715, i '  w h i l ~ i  - ,.:= *,. s?a:zent-orgi?ijo-in2ex .$as r-edueen s l i g h t l y  
acovs 3ca::on 25 :Ti?. 5) i n  t h e  l aneda rzs  
; i ?? - t i on ,  i . e .  I.? cns 8aTa appr sx ina t e  a r e a .  The 
-,rese:?ce -;Z an s p l f a u n a l  sLispee'sion-Feel";in? 
I,q-_ -%,.. ~. . IJA.-  _ .  r -1  :;1?9~gC,3'.1t ZZCC J?  L'ZCang - i n ~ l ~ l d i ? . g  
l j s s e :  sods >+:xeer loca;:ofis 22-27 ('is. 5) 2nd 
.. L.,S 9resezce  ?? dense 2?ly2kas;e anC/or anphipod 
:J:; mas c;rn!n,~nlciss ( 2 3 .  6) i n  ~?.e sea.dard zouth  
3: sne L:Z:ang i s  indicz~t,< by t A s  s e c i a s n t  s r o f i l e  
jnotogrs2cy.  ;*.e l n t a r c r e t  s h i s  t o  3e an 
< < u i l  i ; r i  in s.xcmini", f c r  3 sof  t - ~ e d i x e n t  a r e a  
,jnare t h e r e  1s 3-1-13 ,.,d-d 713ai . snerzy t o  auppor t  
0 : -  - "-." . &L ,-> . .-.-*.. ozigp s i n i l a ?  t3 t h e  S t ags  
succsssLsri 31 3'.i:':ads ann 'Ser33no : i 3811, i s  Z i f f a r s  
. .. ... .r.a', ;lie iP3 .Goes zoc reacn t h e  se" i i sent -xatar  
:::cerface. 

;ns L'Stang nas ? r s v i o u s l j  3een a s se s sed  from 
sce  poicz of view of m:ilXple-use resour" c o n f l i c t  
, . ~ n i l l i s n  : 383:. The r ecen t  r a p i d  3ex~elopment of 
s a lxcn i :  J; i>irs f a e i l i 3 e s  i n  t he  sezdard m311th of 
; '%tang makes sven 3o re  impor tant  t h e  r e s o l u t i o n  of 
Lns srobitrn of p o l l ~ i t i o n  i n  t h e  uppe"33-c 3f 
L'Ztang. 

-0 
2,  i n t e r e s t  t o  s a l aon id  c u i t u ? i s t s  is t h e  

e x t e n t  t o  xh icc  a  gi3ion, f i n i i e  30dy of water sucn 
a s  t n e  L'Ztang . d i l l  suppor t  a  g iven maximum number 
and densit ; /  of c u l t u r e d  salmonid f i s h .  He taSo l i c  
oxyzen denands of 30th t h e  -"ish and t h e  u a s t e s  
: e x c r e t a ,  food,  e t c . )  a r e  high and the  quescion is 
ac >hat  dens i ty  does t h e  o v e r a l l  a i s so lved  oxygen 
Sal3nce of L'Etang Sscome a  nega t ive  one and :he DO 
lowered? &?cause of cne t e c h n i c a l  d i f f i c u l t y  of 
rnodeiling aue t o  t h e  indented  c o a s t l i n e  and the  
compiex f l o r s  of lower L13 tang ,  ->e have abandoned 
c h i s  a3 an approach t o  r 4 s c l v i n g  t h i s  problem. 

u e ~ l e v e  t h a t  an e a r l i e r  i n d i c a t i o n  of :ie "-' . 
, ?osenf la l  ?roblems, due s o  sa lnon iS  overs tocking i n  
t n e  lower L'Ztang, xould 5e obta ined by a o n i t o r i n g  

- .  : ig .  5. Sediment p r o f i l e  photograpk showing a  

ceose polycnaete Lute n a t .  S t a c i ~ a  ; 5  i n  3 s .  6 .  

5hs de.reiopment 3f eutrop3ica:ion. Zutrop3icacLon 
r s s u l ; s  from ;he 7 i ~ r o b i ~ ? ;  3egradat ion  3f o rgan ic  
matte- sucn 33 f i s h  e x c r e t a  and r a s t e  food uhich 
. -- ' -asas enhanced q u a n t i t i e s  :f p l an t  n u t r i e n t s  
soch a s  n i t rogen  and phospkcrous containin,g aom- 
poucds i n t o  L'Ztang sea?ace r .  Z rea t e r  q u a n t i t l s s  
of t hese  ? l a n t  fflod subssacoes  sc lmula te  ~ h y t 2 -  
plankton grgdth  and r e s u l t  ir blooms ( 3 a r l c d  e t  a l .  
1963). A cocmon f e a t u r e  of t h i s  e f f e c t  would Se a  
r educ t ion  i n  d i - f s r s i t y  and inc reasa  i n  d e n s i t y  o f  
phytoplankters .  9 i n o f l a g e l l a c e s ,  some of wnich 
cause  r ed  t i d e  blooms, -dould 50 expected t o  3locm 
because of t h e  enhanced q u a n t i t i e s  of p l a n t  f m d  
SUDStanCeS p re sen t .  Such blcoms nave been known 50 
cause  f i s h  k i l l s ,  f 3 r  ? x a ~ p l e ,  h e r r i n g  which have 
f e d  on zooplankters  eoncaining the  Goxic dino- 
f l a g s l l a t e ,  Gonyaulax excavata  {Xhi te  1981 1. The 
e f f a c i  of die-back of phytopiankton blooms m y  
r e s u l t  i n  l o c a l i z e d  a r e a s  of reduced DO due t o  
ae rob ic  a i c r o b i a l  a c t i v i t y .  Thos, Gascoine an< 
. . . wi ld i sh  ( i 9 7 : j  r e p o r t e d  a  r educ i ion  i n  t h e  DO sag 
curve . fo l lo j i i ng  t n e  deg rada t ion  of a  d iacon sicom 
i n  the  !4edway r i v e r  and e s t ~ a r y ,  iJ.X. Xe consider  
:hat x o n i t o r i n g  ?hy;oplankton s p e c i e s  divers::;/ and 
dens i ty  rnight g ive  an e a r l y  -darning of t h e  d e v e l ~ p -  
ment of  eu i roph ic  cond i t i ons  i n  LIZtang.  Spencer 
(19853 has shown t h a t  rnonitoriny p l a n t  n u t r i e n t s  
and c t ~ l o r o p n y l l  a t  3 s i n g l a  marine s t a t i o n ,  
con t r a ry  t o  t h e  s i t l a t i o n  i n  f r e s h  water ,  does r o t  
proviae a  good i n d i z a t i o n  of i h e  development 3f 



-2cro;fiic c o n s i t i o n s  Ln the  s ea  beca~ise  of t 3 e  
s p a ~ i a l  arid cer.?oral he t e rogena i t :~  invol-?ed. 
Conse;uently, our proposal 1s t o  z o n i t s r  ?hy'o- 
- ,  0 -  .>l*..kton c 3 ~ n u c i t y  s t r ~ i c t u r e  f o r  t h i s  gurpose ,  
.-ather tnan che 3easxres  m e a  Sy S3encer i ? 935 i . 
;<e c e l i e v e  t h i s  would be p re f s r - a s l e  due t o  t h e  rior? 
aonse r , t a t i  ~ / e  n a t z r e  of :he community neasure .  

1 .  The a r e a  of t n e  upper pa r t  of Lmder L 'Stang 
a f f e c t a d  by pul? m i l l  ?o ; lu t ion  has not mo.fed 
s e ~ d a r d s  s i n c e  1975. 

2 .  na to r  q u a l i t y  i n  Lower k1Stang 1s acequate  aL 
l e a s t  i o  Indlan  'ornt .  

?. 3n ly  one c u l t - r e  si:? snoued e.fldence of a  
. - oa i id - sp  of f a e c s l  nac t e r  ~ ~ n d e r n e a t h  cne cages ,  

and r a s  i n  a  ne: s e d i ~ e n t  d e p o s i t i o n a l  a r e a .  

4. 3ecomnenaations f o r  nonicor ing water and 
sed lnen t  q u a l i t y  i n  L '3 tang i n  t he  f u t u r e  a r e :  

- above Ind ian  ? n i n t :  a  dissol.?ed 
s;<ygen andior  s ea i aenc  redox 
p r o f i l e  s tudy  i n  .August/September 
Xhen *ate?  temperatures a r e  hignes: 
and 33, e o n c i t i o n s  l i k e l y  t o  be a t  
the:? l o v e s t .  

- below Ind ian  ? o i n t :  t v i c e  monthly 
sampling from !,lay t o  September ac 
one o r  cwo f i x e d  s t a t i o n s .  'dater 
samples zo be analyzed f o r  a l g ~ l  
s p e c i e s  and t h e i r  d e n s i t i e s  a s  a  
meam of ? a r l y  warning of t he  
development of eu t roph ica t ion .  

- a  geographio survey cf sediments i n  
t h e  Lower LIZtang :a map a r e a s  of 
n e t  d e p o s i t i o n a l  and e r o s i o n a l  
sediments of use i n  p r e d i c t i n g  where 
f a e c a i  7iatter  i i i l d u p  may oc2;in 
undsr s a l n o c l d  cages.  

Xe Yhan~  che ves se l  crews 43r a s s i s t a n c e  i n  
zompleting t h i s  ,work, S r .  R . H .  COOK :-Is. 3. Harrec 
and M r .  Z . 3 .  Henderson f o r  c r i t i c a l l y  reviewing t h e  
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Appendix I. ;i:iarcqraphic p a r a a e t e r s  i n  ';he Lower S85ta!:g f o r  i d  Acigi;st 
1985. See  s t a t i o n  p o s i t i o n s  i n  Z i g .  1 .  3-d p r e d i c t e d  a s  1 1 : 0 7 .  

S t a t i o n  Depfn Temp. S a i i n i t y  D.C. 
l i n e  , ( o / ~ ~ ;  ngiL % s a t u r a t i o n  

S u r f a c e  

Appendix 2 .  H y d r ~ g r a p h i z  p a r a m e t e r s  i n  t h e  Lower L r 3 t a n g  f o r  22 August 
1785. See  s t a i i o n  2 o s i c i o n s  i n  F i g .  1 .  LN p r e d i c t e d  as 1 1  :16. 
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A~pena ix  3. H:13?o$raphic parsmecers in tne Lows? L'Ztan.5 far 3W sn 
.r 13.07.77 and iU oa 22.38.77. Unreported d a ~ a  collecied cy 3. N, .r;xngi 
2 ~ 3  a .  J. ;i<ilsoo. 
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;?~endl:?  G .  5y$~ng r3?k12  na'a s o t a f n s i  nc 2' A:agust .385 at Stat:;c 
#7 :?is. :,) for 0.; surfaze- and (5) oot ton-  ;easater. Salnc Jcnn 3;X .-,- . = , > , > ;  L>{ = 2:  +0, ASP. 
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- +. Acpenali n. aodiaent redox potenc:ai rn njl relailve to t k e  no-ma? ~ydrogen eiectroae aeasure"?~ core 
;Joe saa2;es ta8;en 15 ' .gg. ,  17-'9 ZepL. ;985. S t a x o n  S refers t3 ?Lz. 1 iicn +11-2!2 as estaolisned, ana 
3 2 '  -30, as sal:ani? :alt:;re sitas ;ropos;d for ? 386. 
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; saa; -...-..< -Y..' . 3rofi~icg fia;~ for i ' 2 ; a -n~  s,~r-~eye,j ~ r ,  2.3.09.85 ; i i i i ~  tc? SZIllCTS @ cainera. Chysi*.-. <c, L- 
222nica: 23r2Z'3t~r7s ,~3;1;1. see mooas an?. Cermaco : : d 5 2 )  for a descr~scion ar' each 2arl:nzter 3eas.;.'@. 
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imphipod tubes 
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Tube mat 3PD > penetration 
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A2penoix 9. S s t 3 ' 3 l i s h e d  and 3;proved s a l x o n i d  
a q u a c u i t u r e  s i t e s  i n  LTEtang oy I!ay, ?986. 


